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Abstract: Lithospermum erythrorhizon has the functions of cooling blood, activating blood, as

well as detoxifying and penetrating rash. Lithospermum oil extracted from Lithospermum eryth-
rorhizon can prevent and treat diaper rash, skin ulceration, eczema, and other skin diseases.
Supercritical fluid extraction is the optimal method for the extraction of active components from
lithospermum. In this study, an analytical method was established for simultaneously determi-

nation of six active components in lithospermum oil with high performance liquid
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chromatography (HPLC) , and the contents of the active components as the evaluation index
were used to investigate several important factors in the preparation of lithospermum oil by
supercritical fluid extraction. The optimized HPLC conditions were as follows: separation col-
umn, Diamonsil C (250 mmx4.6 mm, 5 pm); mobile phases, acetonitrile containing 0. 1%
(v/v) formic acid-0. 1% (v/v) formic acid aqueous solution containing 5 mmol/L ammonium
formate (75:25, v/v) ; flow rate, 1 mL/min; injection volume, 15 pwL; room temperature ; pho-
todiode array detector (PAD) ; detection wavelength, 275 nm. The supercritical fluid extraction
was optimized for ensuring stability of the amounts of effective components and the reliability
of the quality of lithospermum oil. This will serve as the basis for preparation and quality control
processes. Three factors and three levels orthogonal tests were adopted to investigate the
important factors, viz. the pressure, temperature and CO, flow rate in the preparation of litho-
spermum oil. The results showed that the developed HPLC-PAD method can be used for the
simultaneous determination of shikonin, acetylshikonin, B-acetoxyisovaleryl akanin, isobutyryl
shikonin, B,B3-dimethylacryl shikonin, and 2-methylbutyryl shikonin in 30 min. The method has
good precision, accuracy and repeatability. The contents of the active components were the
highest when the extraction pressure, extraction temperature, and CO, flow rate were 23 MPa,
40 C, and 27 L/h, respectively. The optimized conditions are suitable for the preparation and
actual production of lithospermum oil. The HPLC-PAD method is simple, feasible, accurate,
and reliable. It can be used for the preparation and quality control of lithospermum oil by super-
critical fluid extraction. Thus, with this method, the stability of the contents of active ingredi-
ents and the reliability of the quality of lithospermum oil can be ensured; moreover, safe and
effective drug use can be realized. The established method has obvious advantages over the tra-
ditional process and is a good candidate for widespread use.

Key words: high performance liquid chromatography ( HPLC) ; supercritical fluid extraction
(SFE) ; photodiode array detection (PAD) ; active components; lithospermum oil; Lithosper-

mum erythrorhizon; process optimization
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Waters 2695 1= %0 ¥ AH 4 1 R 4t ( Waters,
USA) , FL VU ICHA 5 AL, Waters 2996 —
WA BES A %% ( PDA) .Chem Station T/ 4 il
F45; KQ-100DA BUEHE 75 I Vi ( B IL &7 358
FALEAEBRA ) 3 EL204 HL 40 BT ROF (M4 -
A% AT RS F) ; MinispanPlus 4 7 5 i B
DHLBTN BRA A R A R ) 3 Milli-Q 4tk R
4 (Millipore, USA) %,

LR (4iF>99.0%) LWL K (4>
99.0%) B, 8- H1 5 [N s ot 55 B &% (2 > 99. 0% )
T it ) 1 ] G o 20 T v 0, B- £ T A s S T3 Tk
Bl 7 (2h B >98.0%) , 7 T Tk 58 B &% (2l B >
98. 0% ) b it A L i Pt AR MRk A R A | 2-
FH R T P 2R T % (4l i > 98. 0% ) AR i I T
BT T A AR BR A W) 5 VR (i 2t b i By
THACRH R A IRA ) s O (g2l 15815 3R
el s IR (Bl 1R 25 48 A Ak 253500 A BR
8] s Milli-Q # 4K

HE 25 5 Arnebia euchroma ( Royle) Johnst
ATV B 25 KA 250k R T4t ey s 24

KEEB R B — B B th 2 B AR AR 2
1.2 ®Bif&s

Diamonsil C, &% (250 mm x4.6 mm, 5
wm) G shAH 5 0. 1% HERAY 4 HE-7% 5 mmol/L H
PR B 0. 19% FRK IS (75:25, v/v) , SFEEVEE,
LA 1 mL/ming SRR R 15 pL; AR = 05 K
A 275 nm,

1.3 tRERESE

KB FREL 6 F e B R ARifE fhid &, FH OG- /K
W (75:25, v/v) ¥ fif, IF 45T 10 mL i),
el SR A AR S W, T 4 CROBIRAE, R
WHER R OB R B-C B E I 5 b~
TR T ERR B,B- M ENHmE SR 2-H
FET AL 2% 5 28 19 o i vk B 43 5 100,500,400
600,500 .1 000 pg/L.

3 TAE 5% W A 28 VR34 o, O R L 2R 4 Wk B
PRI , 2 PRI RS TR MR BN T 285 % 10,
20,30.,40.,50 pg/L, Bt F &K 50,100, 150,200,
250 wg/L, B-£ Tk AL S I mERT < 7* 40,80, 120,
160,200 ng/L, 5 THEL H 2 60,120,180,240,300
png/L, B,B- W E NI F R 0,100, 150,200,
250 wg/L, 2-HIE T IEFE S FE 2 100,200,300 ,400
500 pg/L,

14 #if@mAikH&

ISR RO I AR AR AL U AR BUFE i 1 mg K %
FRAE T 1 mL ZH5-7K (75:25, v/v) I s
1 min, H 0.45 pwm 8 B2 58, 38 W AE R A 5 %
WAL HTH
1.5 BlERREZENH & EER

VEEUHT 58 285 BRAE MUK PR R O, S Ek
KL 250 g, CO, MBI A PR AL BUS [H] 2 h, Jo e
), — B, ZEHUE 7 23 MPa, ZEBUR E 40 T,
CO, it 27 L/h,
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2.1 HPLC FiEM#EIL
211 AR RN KK By

(b 24 ) S0 A58 A SO A R T g
516 nm A1 275 nm'”’, #43 SCHRARHE 5 FA N5
ARSI R 516 nm' "™ FRATI N L2 B G 6 Fh AT
RORAiEAT T A, 5 R e 1 Fos, T VA
7E 275 nm F1 516 nm &b, SEFHE 6 FhA RN
B R RS (HAE 275 nm &b, 6 FhAE S04 )
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Fig. 1 Spectra of six active components in lithospermum
oil with photodiode array detector (PAD)
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Fig. 2 HPLC profiles of lithospermum oil standards
and samples under optimized chromato-
graphic conditions
1. shikonin; 2. acetylshikonin; 3. B-acetoxyisovaleryl akanin;
4. isobutyryl shikonin; 5. B, B-dimethylacryl shikonin; 6. 2-
methylbutyryl.
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F1 6 HAMNMSHEEXR KHRMEER (n=3)
Table 1 Linear relationships, limits of detection (LODs), and limits of quantification (LOQs)

of the six active components (n=3)

Compound tg/min Linear range/ ( ng/L) Calibration curve r LOD/(pg/L) LOQ/(png/L)
Shikonin 6.08+0.01 10.00-50.00 Y'=79583X-90506 0.9990 1.73 5.78
Acetylshikonin 9.76+0.02 50.00-250.00 Y=284361X+139619 0.9997 0.75 4.08
B-Acetoxyisovaleryl akanin  14.45+0.01 40.00-200.00 Y=71421X-81331 0.9999 2.24 6.38
Isobutyryl shikonin 18.03+0.03 60.00-300.00 Y=81910X-7028.4 0.9985 1.58 6.55
B.,B-Dimethylacryl shikonin  21.81+0.05 50.00-250.00 Y=109607X-699084 0.9990 2.63 7.67
2-Methylbutyryl 24.28+0.05 100.00-500.00 Y=75658X-935990 0.9991 4.62 20.5

% Y. peak area of each component; X: mass concentration, pg/L.
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RN 2 R AEH T RAT,
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24 h PEREAHTIPAG AR P 45 R L2 3,
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Table 2 Test results of intra-day and inter-day
precisions (n=6)

Intra-day Inter-day
precision precision
Compound

Content/ RSD/ Content/ RSD/

(pg/L) % (pg/L) %
Shikonin 29.35  2.17 38.89 3.70
Acetylshikonin 150.29 0.19 197.06 1.47
B-Acetoxyisovaleryl akanin 120.41 0.35 160.54 3.41
Isobutyryl shikonin 186.86  3.81 231.60 4.49
B,B-Dimethylacryl shikonin 148.28 1.14 193.46 3.27
2-Methylbutyryl 293.96 2.01 393.40 2.65

*3 EESHNREERRER(n=6)
Table 3 Test results of repeatability and stability (n=6)

Compound Repeatability Stability

RSD/% RSD/%
Shikonin 1.92 0.36
Acetylshikonin 0.33 1.50
B-Acetoxyisovaleryl akanin 0.80 1.57
Isobutyryl shikonin 0.55 2.16
B,B-Dimethylacryl shikonin 0.52 2.49

2-Methylbutyryl 0.33 3.26

B3 B BT, A RO B 5 B R A m] R T
M It S 2 B A S H T 2 2
23 BIERREZERFSLEEHNITZEGFIE

TEHUHT iR 5 5 BRAE R R R 0 R 2H 5K
I %e ki 250 g, CO, M AL AR ZE BT [|] 2 h, JC
JEFR], — BB, R = R =K IE ARG v,
IEAGRIR N ZE KDL 5, L 4l ) W3E 6, 53
U 7 FEBGRE RN CO, It X 48 5 A 80 o 7%
PISEIR . 9 AR 00 A e i 28 BT e S il AT bR
S HPLC 430 5 B A AT 80 n 40 5 1, A7 3808 o
SREER L 7 HPLC & LA 3,
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Table 4 Recovery test results of the HPLC method (n=6)

Background/ Added/ Found/ Recovery/ RSD/

Compound " LgL)  (wy/L) (wgl) % %

Shikonin 10.27 8.50 18.15 92.68  4.25
10.27 10.00 20.13 98.58
10.27 12.50 22.85 100.65

Acetylshikonin 86.63 70.00 152.95 94.74  5.35
86.63 86.50 171.31 97.89
86.63 104.00 195.93 105.09

B-Acetoxyisovaleryl 71.42 57.50 123.43  90.45 4.19
akanin 71.42 71.50 141.70  98.29
71.42 85.50 153.08 95.50

Isobutyryl shikonin 63.14 50.50 111.68  96.12 7.16
63.14 63.00 132.08 109.42
63.14 75.50 145.26 108.77

B,B-Dimethylacryl 75.81 60.50 132.57 93.81 8.35
shikonin 75.81 75.50 149.23  97.24
75.81 90.50 175.10 109.71

2-Methylbutyryl 148.17 118.50 251.29 87.02 4.76
148.17 148.00 289.20  95.29
148.17 178.00 314.86 93.64

x5 EXRBERKTER
Table 5 Factor level table of orthogonal test

Level Extraction Extraction CO, flow/  Blank
pressure/MPa temperature/C (L/h) control
1 18 30 27 1
23 35 30 2
28 40 32 3
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Table 6 Orthogonal test for optimization of the 104 s1
extraction process of lithospermum oil 1 2
by supercritical fluid extraction 3 0.5 * | 3 4 506
Test Extraction Extraction CO, Blank 0.0 ML/UL‘
No. pressure temperature Flow control 05 . v —
1 1(18 MPa) 1(30 C) 1(27 L/h) 1 ]
2 1(18 MPa) 2(35%C) 2(30 L/h) 2
3 1(18 MPa) 3(40 C) 3(32 L/h) 3
4 2(23 MPa) 1(30 ©) 2(30 L/h) 3
5 2(23 MPa) 2(35C) 3(32 L/h) 1
6 2(23 MPa) 3(40 C) 1(27 L/h) 2
7 3(28 MPa) 1(30 ©) 3(32 L/h) 2
8 3(28 MPa) 2(35C) 1(27 L/h) 3
9 3(28 MPa) 3(40 C) 2(30 L/h) 1

F7 IABERREERTZHEMEEERNER
B E&&(n=3)
Table 7 Active component contents of lithospermum
oil prepared by nine supercritical fluid ex-

traction processes (n=3) ng/L
{fst Shikonin Acetylshikonin ~ © 'Acetzl’:ya:;valeryl
1 10.90+0.29 93.85+6.54 88.18+5.94
2 11.71£0.12 109.76+4.09 93.64+2.18
3 13.98+0.27 155.94+8.15 129.43+3.77
4 13.79+0.26 137.60+0.46 113.74+0.91
5 20.54+0.39 172.14+3.02 144.89+6.02
6 19.45+0.12 170.89+3.61 139.91+1.05
7 15.81+0.15 152.83+2.10 121.70+0.71
8 13.01+0.25 132.91+1.06 106.54+0.64
9 14.03+0.15 150.57+0.71 123.75+0.15
Test Isobutyryl -Dimethylacryl
No. shikor}ig op shikoniil i 2-Methylbutyryl
1 79.67+4.37 105.91+5.73 184.08+6.54
2 85.43+£2.20 104.63+2.07 199.47+4.87
3 116.07+2.79 129.33+2.99 273.99+7.01
4 101.15+0.56 137.53+0.72 234.61+0.78
5 125.72+1.21 151.22+2.31 295.33+4.63
6 130.06+1.19 221.44+2.34 296.09+2.33
7 114.45+0.23 213.82+1.56 261.93+1.32
8 94.29+0.62 145.16+0.72 221.70+1.66
9 105.39+0.30 161.81+0.91 253.99+0.58

SR I St AR O RO ) R B R 4
HUE Sy ZEBUE B CO, Wit , AR LE R =N &
K IE ARG A Ak 58 R I B AR AR ) T
LA SR IR 1 B 0 iRy LA
O A B B ) 2 ST = 562,59 pg/L, S2 =
604. 64 ng/L, S3 = 818.74 pg/L, S4 = 738.42
png/L, S5=909. 84 wg/L, S6=977.84 wg/L, S7=
880.54 wg/L, S8 = 713.61 pg/L, S9 = 809. 54
pg/L, 13 6 1 T 25 4140 49 i 25 FEIh AT 3508 o

S LGRS, FLIAS 6 BT CO, Wi iR 46 4 T

=05

10  s4 2
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104 s7 5o
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2 051 ]
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Fig. 3 Chromatograms of lithospermum oil prepared
by nine supercritical extraction processes
Samples S1-S9: obtained from Tests 1-9 in Table 6.
1. shikonin; 2. acetylshikonin; 3. B-acetoxyisovaleryl akanin;
4. isobutyryl shikonin; 5. B, B-dimethylacryl shikonin; 6. 2-
methylbutyryl.
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