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ABSTRACT

Background: In the present study, we established an HPLC (high performance liquid chromatography)-analysis method for the
determination of marker compounds as a part of the material standardization for the development of health-functional foods from
Salvia plebeia R. Br. extract.

Methods and Results: The quantitative determination method of hispidulin as a marker compound was optimized by HPLC analy-
sis using a YMC hydrosphere C18 column with a gradient elution system. This method was validated using specificity, linearity,
accuracy, and precision tests. It showed a high linearity in the calibration curve with a coefficient of correlation (%) of 0.999995. The
method was fully validated, and was sensitive, with the limit of detection (LOD) at 0.09 g - m{™" and limit of quantification (LOQ)
at 0.27 ug - ml~". The relative standard deviation (RSD) values of the data from intra- and inter-day precision were 0.05 - 0.22% and
0.32 - 0.42%, respectively, and the intra- and inter-day accuracy of hispidulin were 99.5 - 102.3% and 98.8 - 101.5%, respectively.
The average content of hispidulin in Salvia plebeia R. Br. extract was 3.945 mg - g (0.39%).

Conclusions: These results suggest that the developed HPLC method is very efficient, and that it could contribute to the quality con-
trol of Salvia plebeia R. Br. extracts as a functional ingredient in health functional foods.
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acid, hispidulin, hispidulin-7-O-glucoside, nepetin (Jin et al,
2008), plebeianiol A, diterpenoids (Zhang et al., 2015) &
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WA2=27] (Salvia plebeia R. Br) F&E2] JEEA ] A}
43 hispidulin AE (Fig. 1) &% 100% AZS Sigma-
Aldrich Co. (St. Louis, MO, USA)lIX #4)3ted A3t
Hispidulin #4{°|= DAD (diode array detector)7} -2&
Agilent 1200 series HPLC system (Agilent Technologies,
Santa Clara, CA, USAYS ARSI, 4 HH2 YMC
Hydrosphere C18 (150 x 4.6 mm, 5.0 m, YMC Co. Ltd,
Kyoto, Japan) ZHE& AH&atth 2 ¢ o5 &)
phosphoric acid (Daejung Chemicals and Metals Co. Ltd.,
Siheung, Korea)2} methanol (Thermo Fisher Scientific,
Waltham, MA, USAY2 HPLC #4]§°0= Feiste] AME-3}
Ak 2 92 AJekS Sigma Chemical Co. (St. Louis, MO,
USA) == Junsei Chemical Co. Ltd. (Tokyo, Japan)2] ¥
w Ee 55 Aloks AR

HEEMO| ZoA
Hispidulin % (Sigma-Aldrich Co., St. Louis, MO,
USA) 5mg2 A3 o}, 50% MeOH 50 ml gujjol] =4
0.1mg-ml”! FEZ YHET o] %3 FE3IO] 0.20/m
syringe filter2 o133t A& HFEHoZ STt o]E 0.8,
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Fig. 1. Chemical structure of hispidulin.
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4. HPLC 2M%AH

it =7] FEE9] hispidulin E4S 98l YMC
Hydrosphere C18 (150 x4.6mm, 5.0 xm, YMC Co. Ltd,
Kyoto, Japan) ZHE AF&3IATH o5 Ad= 0.1%
phosphoric acid7} H7He tertiary distilled waterE, ©]&
4 BAlE methanolS ©]-&3te] 1 ml-min"'e] F&%o®
ABEE 10 0 FY3td BAEYT UVE 254 nm 3p3)
Al ZA3IATE. HPLC o739 71571 &&of me &4 =
71 Table 19 YERAATE EAAHS 0ollx] 53714 o]
T AE 70% S5k, SiollA 2587HA] ©)Ed B7t
45%, 25%clA 352714 ©1E% B7F 80%, 35%cllA 40377}
2] 100%7F F=S & TR, 40%0lA 45871 ol BE
100% FA13M8A 1.0 ml - min '] F&ro 2 248 28I

LA
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2UZMY HE (Method validation)
G2 hispidulin®] FFEY AP we} Azt
< =]

==
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Table 1. Analytical condition of HPLC for hispidulin.

Parameters Conditions
YMC Hydrosphere C18
Column (150 a6 m?n, 5.0 mn)
Flow rate 1.0 m » min™
Injection volume 10 w1l
Run time 45 min
UV detection 254 nm
Time (min) % AV % B?
0 70 30
5 70 30
. 25 55 45
Gradient 35 20 80
40 0 100
42 0 100
45 70 30

Y0.1% Phosphoric acid in water. ?Methanol.

2mg ! FER Azste] AgSITh AMEARY A

4F /HARE FH] N AEYRORA OloFE 5

2Ape) welelo) ol tig Tlel =l AR se] Sol
3|

A3 (specificity), 21414 (linearity) 2 9] (range), HESH
(LOD; limit of detection, S/N=3.3), A%3H (LOQ; limit
of quantification, S/N=10), %34 A
(precision) B 3]5& (recovery)ys
(reproducibility g 7353+ T}.
Eolde Aggl 2 hispidulin FF88S HPLCE 4

(accuracy),
Z43te] Bl A

g & AZntET#Ye] 5 AZF (retention time)¥?} DAD
€ 53l UV spectrum Hlastal Q1G9 v)=ste] =S

FEFAFHNCRENE 7} s 139 S
(SNMIE F8le] SNH|7F 330] 2 wje] LODS} S/
10°] 2 @ LOQE AX¥sisict.
AU hispidulin FF=EE (2, 5, 10 12)S Al
FrEAS 7R AR AERkeE &
S HW3l= spiking?} recovery BHS
3] 35T 7 A=A s ALke
&< 359 TR AFAEE &
2J31o] intra-day precisions #7181,
231 inter-day precisions Z}Z;
&1} zARRe BH] AR el AdS
Atk JEEHA) (RSD; relative standard deviation)=
ol WIS (%)= ALtsiic

n RUE=Y




6. YA F=E2=29| NFEER2 hispidulin &4

HAR=71E 50% FHo= FEslo] F wigAt=r] F
SR 40 mg AL 50% MeOH 20 ml & H7lelo] 2gvt 3
=3l 2mg- il FEE VHET o]E 0.20 i syringe filter
2 oJIg AE AFEH o Z ARSI 7F AlE= Al WA
e Al 58] ARvtEa#e] va HAS F
sto] ZPdE Al o5 migakzr] FEEE AR Fo
hispidulin®] g5 AF=3Fitt.
7. SAEM

¥ A% A= Graphpad Prism® Version 5.0 (Graphpad
Software Inc., La Jolla, CA, USA) T2 1S o]&3slo]
o + BTAA} (means + SD)E FAIBISTE BAA fod2
AHEA] (One-way ANOVA)ZE #4138k & Tukey’s Multiple

Comparison Test (TMCT)Z p <0.05 ==ollA ZAA 3137
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T AUASAIE FRls] 2l M= 7P 23 SElshe 2H
2] E2]% (Rs; resolution)e ©]-&3] EIsIAT) 2=
= 7 JZ27F dept & BEYEHAEAE YEle HEolH,

37 k3] Bejdhthe AL E2m 15 ode ou]sitt
(MFDS, 2014).

Hispidulin ¥58&93 A8 Axg] Wyoes 223k ujekat
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UV spectrumo| A= FL3t spectrum YER T (Fig. 2).

Hispidulin #5=8219] wF-5 A7 34.244F0]%]5L, viSt
2}27] 2999 hispidulin ¥ =] HFE AJ7H-E 3423820
2 EFEAT AP ] AR T3 FAATEe] PA]
stom, I JAee] wEle (Rs) ANt A 9.049 =
< =S UEifo] 2 AlHe] S-S gl

R

1y
S

2. Zg 9 9| AEsH Adsh

FTEHE AR s|Mate] A
& H9el = hispidulin®] el tisle] 221791
ol A=A FQleArh Hispidulin®]
(0.1 mg-meyS 08, 2, 4, 10, 20 g - i 2 GAZ 0= 3|4
g ¥ HPLCZ #43l] ZFA74AS 2HdsIth (Table 2).
ARl AAAF (P 0.9999950 % =8 HAAALS HIJO
o, 7% = 3.945mg- g, 0.39%)2] 20-507%S HHE

Hispidulin

A8t
HESHAY A= 21& ol Y] (signal-to-noise)°ll
SAzI BT A3, Als o Y] (SNYE 3381

o] LODE 0.09 12 - me '3 S/NHIZF 1081 we] LOQ

T 027pg- 72 FAFJT ole AR A8 A

o
0.09 ug -l FE7HA] HEo] 7hssla, AT 5 e &

MEZ HA F=7F 027 pg -l FELES W] gt

3. MEM, HUN 9 S48

4873 (RSD)l& shte] #dstd A R=5E 3 oY

Tt T
el BRAZ ukE 2HsAe W 2AH e AN =
AR 2P Bell, FIgold A 2ol ol @

J Hispidulin

i o Hispidulin

» » » ©

Fig. 2. HPLC chromatogram and UV spectrum of hispidulin. (A); standard, (B); Salvia

plebeia R. Br. extracts.
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Table 2. Calibration data for hispidulin.

Correlation

Concentration

7 2)
Compound Calibration curve coefficient range ( LC.)EE_1) ( L(?ii)“)
(r’) (pg - me™) " per
Hispidulin y =21.90x + 2.611 0.999995 0.8-20 0.09 0.27
DLimit of detection. ?Limit of quantification.
Table 3. Accuracy and precision data for HPLC analysis of hispidulin in the Salvia plebeia R. Br. extracts.
Spiked Intra-day precision Inter-day precision
Compound concentra_t1ion Measured RSD" Accuracy? Measured RSD Accuracy
(ug - me™) (g + me™) (%) (%) (g » me™) (%) (%)
9.713 9.817 + 0.009 0.093 101.104 9.766 + 0.031 0.315 100.541
Hispidulin 12.293 12.566 £+ 0.028 0.224 102.276 12.479 £ 0.052 0.417 101.519
16.279 16.200 + 0.008 0.049 99.528 16.087 £ 0.061 0.377 98.818

All values are presented as the means + SD (n = 5). "Relative standard deviation. ?Accuracy (%); [mean measured value / normal value

(spiked amount)] x 100.

AL ShE Fgkolut Rkl
Atz she A
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Qte] 53] whE
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S A5ex 2
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KN
= =

Z37] I8l AEAdEe] dist o &
4 (intra-day)3} 5Y &< WHE 24
(inter-day)ste] JUEE H7kste] RSDZ YERNITH (Table
3). Hispidulin 522 t3}¢] intra-day ¥ inter-day =5
RSD <5%= HPLC #41°] AdZS st 4 A+,
intra-day ¢} inter-day®] JEL == RSD#HEZE Z+7} 0.05-
0.22%9} 0.32 - 0.42%=2 YEFHIL, intra-day®} inter-day2] 73
g 247; 99.5-102.3%9F 98.8 - 101.5%= LEST
32 on] U ' FEC <5 hispidulin FEE
I QS FE (0.1 mg.ml)e] FFEENS 77 ThE L)
(20, 50, 100 1) BH2 H7}E A B2 HPLCE ©]&3le] 4
3t & 7 Hrkte] AEsRE RISk, o]E o|E7l uigh
AZFe] WEEE ALt Hispidulin A33E2] 3|4&2
98.818 - 101.519% ©]W %132, RSD 3+ 0.5% oW (0.315-
0.417%)% Vebth S5EE 9713 g ml™! (20 =L HA7HE)
ol A= 100.541%, 12293 pg-ml™ (50 ;4 7 <)ol A =
101.519%, 16279 g+ ml™ (100 4 Z7HE)oNA = 98.818%
o] & IES Btk wEbA 2 A9 HPLC 245 0]

MeblEs] FEEE) AR FRAES A% Y=o}
ewrt e YIS AT,

[s1 =1 4
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Table 4. Content of hispidulin in Salvia plebeia R. Br. extracts.

Lot No. Mean = SD RSD" Content
(n=23) (mg-g™) (%) (%)
1 3.916 £ 0.009 0.220 0.392
2 3.955 + 0.008 0.191 0.396
3 3.962 £ 0.004 0.102 0.396
Average 0.394

All values are presented as the means = SD (n = 3). "Relative
standard deviation.

o2 WA= FFEY (YD-204B)] A&

3}, B2 2= hispidulin®] Het ke
: 1= AT} (Table 4). A|FEZ hispidulin T+
F 702 T ARE el A AX|elx el Azt
o] 80%, HH#ke] 120%= slekx|e} oA E Aol &
Aol Exule) wE AAX2A HAZ 0.3907%, )
0.3966%% 71=0 2 F5HA] (H k] 80%)= 0.31%, 3]

T
ey

Egke 120%)y= 048%= A4St Ren & (2014)>
high-speed counter-current chromatography& ©1-§& 3714 &

g RE (elution mode)E 3 wWiYAZ7]ZHE
hispiduling X33t 9714 &8-S EA4319 . de Oliveira 5
(20012 Eupatorium littorale Z5-E] hispiduling 2]}
0.21%= 4Tt

B A iR o] AR A
F 71574 A= el Sl 989
o]g-38lo] hispidulin®] FAHES FHs
S (validationyS 2A1SIZA} SFATE 0.1% phosphoric acid’t
H71E water?} methanolS ©] 5422 YMC Hydrosphere
C18 (150 x 4.6 mm, 5.0 /m) HAHE ARE3l] 71€7] &2 W
o7 FAT A, & AN EE8N ] sARAAZ R
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HjekRt=7] FZE-9] hispidulin 32| FAA7Fe] Y|}kl
9.04°] & = (Re)E YERHNS™, UV spectrume] 4
ks Solds st

Aol AAASE (P 0.999995% = HXAAS Ve
o, &3] (LODYE 0.09 pg-ml™!, 3
0.27 pg - mb™' 2 ERISIAATE A e] AEg

0.32-042%% UERtom, A% (accuracy)= Z2H2F 99.5 -
102.3%2} 98.8 - 101.5%= YERlo] &2 EAHo] X3 AJE9

USRS I |

SHEEAS 2l A AFHAS AFEISTh & AR
wE} B3 widat=r] FEE U9 hispidulin®] T
2 oF 3945mg- g (0.39%)2 FHNEFTARE 0.5%°13FA T}
wEba] o)ide] ¥AAME F3] HPLCE ©]&3 vigat=
7] F&E (YD-204B)2] A EAJEOCZA hispidulin®] 223
o] At Aol AFENeH, & A7 A3 gyd

olje}

hispidulin ZAH o] vikxt=7] 71| &5 SojiEnt
Hjext=7] FE=9] /PEJIARE AISAE 7158 98

ek,

Q7] AR ol HAE

REFERENCES

Choi JK, Oh HM, Park JH, Choi JH, Sa KH, Kang YM, Park
PH, Shin TY, Rho MC and Kim SH. (2015a). Salvia plebeia
extract inhibits the inflammatory response in human
rheumatoid synovial fibroblasts and a murine model of arthritis.
Phytomedicine. 22:415-422.

Choi SI, Kwak H, Kim JY, Choi JG and Lee JH. (2015b).
Antiadipogenic effects of Salvia plebeia R. Br. extracts by
extraction conditions in 3T3-L1 preadipocytes. Korean Journal
of Medicinal Crop Science. 23:245-252.

de Oliveira BH, Nakashima T, de Souza Filho JD and Frehse FL.
(2001). HPLC analysis of flavonoids in Eupatorium littorale.
Journal of the Brazilian Chemical Society. 12:243-246.

Gu L and Weng X. (2001). Antioxidant activity and components
of Salvia plebeia R. Br: A Chinese herb. Food Chemistry.
73:299-305.

Jeong HR, Sung MS, Kim YH, Ham HM, Choi YM and Lee JS.
(2012). Anti-inflammatory activity of Salvia plebeia R. Br. leaf

276

through heme oxygenase-1 induction in LPS-stimulated RAW264.7
macrophages. Journal of the Korean Society of Food Science and
Nutrition. 41:888-894.

Jin XF, Lu YH, Wei DZ and Wang ZT. (2008). Chemical
fingerprint and quantitative analysis of Salvia plebeia R. Br. by
high-performance liquid chromatography. Journal of Pharmaceutical
and Biomedical Analysis. 48:100-104.

Jo SY, Lee UY, Kim EY, Lee SJ, Her JW and Yoon TJ. (2010).
A study on the anti-inflammatory and anti-allergic effect of
Salvia plebeia R. extracts. Korean Journal of Pharmacognosy.
41:31-37.

Korea Food and Drug Administration(KFDA). (2008). Guideline
for standard of health functional food. Korea Food and Drug
Administration. Seoul, Korea. p.1-5.

Lim JA, Yun BW and Baek SH. (2007). Antioxidative activity
and nitrite scavenging ability of methanol extract from Salvia
plebeia R. Br. Korean Journal of Medicinal Crop Science.
15:183-188.

Lin YC, Hung CM, Tsai JC, Lee JC, Chen YLS, Wei CW,
Kao JY and Way TD. (2010). Hispidulin potently inhibits
human glioblastoma multiforme cells through activation of
AMP-activated protein kinase(AMPK). Journal of Agricultural
and Food Chemistry. 58:9511-9517.

Ministry of Food and Drug Safety(MFDS). (2014). Gas and
liquid chromatography in general test method. Ministry of Food
and Drug Safety. Osong, Korea. p.2104-2108.

Park SH, Kim JL, Kang MK, Gong JH, Han SY, Shim JH, Lim
SS and Kang YH. (2012). Sage weed(Salvia plebeia) extract
antagonizes foam cell formation and promotes cholesterol efflux
in murine macrophages. International Journal of Molecular
Medicine. 30:1105-1112.

Ren DB, Qin YH, Yun YH, Lu HM, Chen XQ and Liang YZ.
(2014). Separation of nine compounds from Salvia plebeia R.
Br. using two-step high-speed counter-current chromatography
with different elution modes. Journal of Separation Science.
37:2118-2125.

Shin MK, Kim SK, Lee SK, Yang EY, Lee HO and Baek SH.
(2001). Cytotoxicity and antimicrobial effect of the extract of
Salvia plebeia. Korean Journal of Pharmacognosy. 32:55-60.

Shirsat RP, Suradkarand SS and Koche DK. (2015). Phytochemical
composition and pharmacological aspects of Salvia plebeia R. Br:
A mini review. Indian Journal of Applied Research. 5:362-364.

Yang JM, Hung CM, Fu CN, Lee JC, Huang CH, Yang MH,
Lin CL, Kao JY and Way TD. (2010). Hispidulin sensitizes
human ovarian cancer cells to TRAIL-induced apoptosis by
AMPK activation leading to Mcl-1 block in translation. Journal
of Agricultural and Food Chemistry. 58:10020-10026.

Zhang BB, He BQ, Sun JB, Zeng B, Shi XJ, Zhou Y, Niu Y,
Nie SQ, Feng F, Liang Y and Wu FH. (2015). Diterpenoids
from Saliva plebeia R. Br. and their antioxidant and anti-
inflammatory activities. Molecules. 20:14879-14888.



	서 언
	재료 및 방법
	1. 시약 및 기기
	2. 표준용액의 조제
	3. 배암차즈기 추출물 분석 시료
	4. HPLC 분석조건
	5. 정량분석법 검증 (Method validation)
	6. 배암차즈기 추출물의 지표성분 hispidulin 분석
	7. 통계분석

	결과 및 고찰
	1. 특이성 확인
	2. 직선성 및 범위, 검출한계 정량한계
	3. 정확성, 정밀성 및 회수율
	4. 배암차즈기 추출물의 Hispidulin 함량

	REFERENCES

