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Optimal Extraction Condition and Anti-oxidant Effect of Tanshinone ITA
and Cryptotanshinone of Ethanol Extract from Salvia miltiorrhiza
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Abstract — Salvia miltiorrhiza (S. miltiorrhiza) root contains several compounds that have a variety of physiological effects
such as anti-oxidant, anti-cancer, anti-atherosclerotic, anti-inflammatory and anti-bacterial activities. S. miltiorrhiza contains
diterpenoid compounds such as tanshinone I, ITA and cryptotanshinone and phenolic compounds such as salvianolic acids A,
B and C. The contents of major compounds, tanshinone ITA and cryptotanshinone, from S. miltiorrhiza were quantitatively ana-
lyzed by using high performance liquid chromatography (HPLC) to find the optimal extraction condition after the simultaneous
analysis method was validated. The ROS and ONOO" scavenging assays were performed to evaluate the anti-oxidant effect of
ethanol extracts from S. miltiorrhiza prepared by different extraction methods and solvents as well as tanshinone IIA and cryp-
totanshinone. The contents of tanshinone ITA and cryptotanshinone in extracts of S. miltiorrhiza by extraction method were the
highest in immersion method with 12.255% and 7.626%. And the contents in ethanol extracts by extraction solvent were the
highest in 100% ethanol with 12.407% and 8.216%. The optimized extraction condition of S. miltiorrhiza with the highest con-
centration of tanshinone IIA and cryptotanshinone was the immersion extraction method with 100% ethanol. The results
showed that S. miltiorrhiza extracts by different extraction methods and solvents as well as tanshinone IIA and cryptotanshinone
significantly have the anti-oxidant effects in a dose-dependent manner, indicating that tanshinone IIA and cryptotanshinone are
effective major compounds for the anti-oxidation in S. miltiorrhiza. These results can be used as basic data for the standard-
ization of products from S. miltiorrhiza and tanshinone IIA and cryptotanshinone can be expected to be a candidate for anti-
oxidant health functional foods and herbal medicines.
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AleF gl 7[7] — 32 A3+-<2] tanshinone 1A} cryptotanshinone
< Chengdu Biopurify Phytochemicals Ltd. (Chengdu, Sichuan,
PRC) A &S Y3t ARSI TE HPLC 4] A€
4= HPLCH J. T. Baker (Philipsburg, NJ, USA) A &<
ARSI, 1 9] A B AR FE5 917 Aokt &l
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ONOO™ &7&4d ol AFE-H 2',7'-dichlorodihydrofluorescein
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hydrochloride (SIN-1), diethylenetriaminepentaacetic acid
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Sigma-Aldrich (St. Louis, MO, USA) A|3&-&- AR&313ith. HPLC
= Hitachi Co. (Tokyo, Japan)2] LaChrom Elite® HPLC A]

Table 1. HPLC condition of analysis
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(Waltham, MA, USA)®]| Varioskan™ LUX spectrophotometer

£ ARSI
FEE MxX - M FE2ES AxsP] flste] 1xd ©
B E Smm x 5 mm 7] 2 B35t ARSI T
=

AL 37) sl 2 0, &) 28 i FEES
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HPLC condition

Column
Column temperature
Flow rate
Wave length

Injection volume

Zorbax Eclipse Plus C18 column (250 mm x 4.6 mm, 5 um)

30C
0.5 mL / min
254 nm
10 pL

Mobile solvent

A: 1% Acetic acid in distilled water

B: 1% Acetic acid in methanol

Time (min) A (%) B (%)
Mobile phase 0 20 30
40 20 80
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Table II. MS condition of tanshinone IIA and cryptotanshinone

Mass condition

Scan range 200-400 Da
Ion mode Positive
Curtain gas 20 psi
Ion spray voltage 5000 V
Temperature 400°C
ITon source gas 1 50 psi
Ion source gas 2 50 psi
Declustering potential 80V
Entrance potential 10V
=M 4T - H 1SS S8l 5ol (specificity), 2]

44 (lmearlty)ajr ng 3 A (limit of detection, LOD) 2
A & SHA|(limit of quantitation, LOQ)E &% 3l 7 &4
(accuracy)} 2 A (precision)2 3 718} TF. Tanshinone
IIA®} cryptotanshinone®] &4t FE& U th& 4 ¢] 7¢
A flo] LElHeA ERlsh| et 803 & =
E-9] chromatograms H] 23} peak?] retention times &
etk A0S AE A 2 A AE A6 9
3Fod 5, 10, 20, 50 2 100 mg/L == ]3] i tanshinone
A%} cryptotanshinone -85S HPLCE 43t 7
NS 2t AFAL peake] WA AR FEE
HPEZ ARSI, Ao R AL AAA (R R
AL gelstith. A& = 33 xo/S, B =
10 x 6/S(c: FE2ke] TFARL, S: HgFAl e 71872 AlLkst
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5,100 % 200 mg/L TEZ 397+ vkEA] AJda A W 33
WHE WHEA AR S sto] e AR S SA ST
A FERT S Alelo] 28-S AlLtste] &<l
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qeEs *H‘H_%%é?i ZHRSD, %)& Al4kste] 8o
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o HF F=7H00, 1 2 10 pgfmle] H =5 Azt Al5=
ARE-3191 32, tanshinone ITAS} cryptotanshinone %% F%
7} 1,10 2 100 pMe] HE=F Al xsto] Al 52 ARSIt

ROS &=A&7d-2 96-well black plateol] 4] Z13) &} 2.,
G HELSE 100 uM trolox S AHE-3HATE 12.5 mM
H,DCFDA®} 600 unit esterase= 722 H| &2 &3t 2}
AR F2olA 20 3 RESAIF T R AR E
Zyz} wellell Fo4381aL 10 uM SIN-12- 7} wellol] %1213
t}. H,DCFDA &35S PBSol| 1/502 843t 7+ wellol
A e F 107 St A AT A7 EgES
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spectrophotometer& AH8-3}o excitation 485 nm<} emission
530 nmollA &3 S8 ste] AgkE vlaLsiic,

ONOO™ 27842 96-well black plateol| 4] X133}
o, %A ZFL LS 2 100 uM penicillamineS AH&-3}H$1 T
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ato] 7t wellell A 2]8laL 10% &<t vhEAIZ T, whg-A 7]
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¢} emission 530 nmolA §F 5782 st AAgte vl
skt

EAXZ - NN 5;5;] o]}\]- HrE o 2 /\1;\] M_T,_
T AE Bt + 0] FFQAHSEM)E FAI8ISITE F)
492 GraphPad Prism (version 5.0; GraphPad Software,
Inc., USA)S AFE3IA 2 zF A3 #712] v] = ANOVA
(one-way analysis of variance)= *] 2] 3}%1 3L, Dunnett’s multiple
comparisons testg AH&-3te] HAB S AA| AT PRl
0.05 PIRKQ1 - TAX =2 Foldo] e Aoz AYst
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Fig. 1. HPLC chromatograms of tanshinone IIA and cryptotanshinone standards (A) and ethanol extract from S. miltiorrhiza (B).
MS spectra of tanshinone IIA (C) and cryptotanshinone (D) in ethanol extract from S. miltiorrhiza.
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Table III. Calibration curves, correlation coefficients, limits of detection (LOD) and limits of quantitation (LOQ) of tanshinone IIA
and cryptotanshinone

Compound Linear range Response slope  Response factor  Correlation 2coefﬁcient LOD LOQ
(mg/L) (@ (b) (R) (mg/L) (mg/L)

Tanshinone ITA 5~100 55091 75435 0.999 0.399 1.316
Cryptotanshinone 5~100 65134 45687 1.0 0.244 0.804

Table IV. Accuracy and precision of tanshinone IIA and cryptotanshinone

Concentration Accuracy (bias, %) Precision (***c.v., %)
Compound
(mg/L) *Intra-day **Inter-day *Intra-day **Inter-day
5 95.31 96.34 1.86 1.91
Tanshinone ITA 100 101.01 101.82 1.35 1.24
200 100.17 100.21 1.23 0.93
5 95.27 96.29 0.93 1.99
Cryptotanshinone 100 99.84 100.00 1.41 1.43
200 99.31 100.42 1.68 1.25

*Intra-day: three times per day, **Inter-day: three times analysis of standards per day for three days, ***c.v.: co-efficient of variation.

Table V. Contents of tanshinone ITA and cryptotanshinone in ethanol extracts from S. miltiorrhiza by extraction method

Contents of standards (%)

Sample Extraction solvent Extraction method Yield (%) - -
Tanshinone ITA Cryptotanshinone
o . Reflux 6.244 5.152 3.239
Salvia miltiorrhiza 100% EtOH Sonication 2.072 6.553 4153
extracts
Immersion 1.514 12.255 7.626

g 2N 39 AF<I tanshinone MAS} cryptotanshinone 7Hg =8 S YeR) 13 (Table V), tanshinone TTA 2}

o] g A4S 9J8 HPLCE ©| &3t TA+A 21 cryptotanshinone®] Feoll mj-¢- EQFY S E4US &1e
S+ 3151t} Table 19] %ﬁiﬁ% Z-gato] FAEA S o, AT ol= Tk frasdite] Dol BRFgsithe the I+
A <] peak7} oA o2 FE)HE AE FRIBIATE MS 4 geo] Aytelw AX|SIATEY §0l) 23 Tt FEECAM =

Z 3} tanshinone 1A} ryptotanslunone:: m/z 2951 E m/z 100% ©l|€r-2-01A] tanshinone IIA”} 12.407%, cryptotanshinone
297.161 4 [M+H]" @Ej o] B2} o] & 932 et} o] 8216%= 7P =2 TS YERHATK(Table VI). o]}

(Fig. 1). 7+& A3} tanshinone ITA 2 cryptotanshinone} 7+-&

2 AFolA g EAHE o]&sto] Tl 2 diterpenoid "dE-E0] A-§A0] 73 EZo)7] w2l Ao
ZEE9 3t tanshinone 11AS} cryptotanshinone®] &2 2 A7ZE Y o] 5 Aol 2314, tanshinone 1TA<}
AT 2 WHE T FEEAM = A FEH A cryptotanshinone®] o] 7P =& ©ate] H4 & =
tanshinone IIA7} 12.255%, cryptotanshinone®] 7.626% = AL 220X 100% ANEEZE JA] FE3= AYS

Table VI. Contents of tanshinone ITA and cryptotanshinone in ethanol extracts from S. miltiorrhiza by extraction solvent

Contents of standards (%)

Sample Extraction solvent  Extraction method Yield (%) - -
Tanshinone ITA Cryptotanshinone
100% EtOH 1.753 12.407 8.216
80% EtOH 6.984 1.236 0.821
Salvia miltiorrhiza 60% EtOH . 18.344 0.023 0.118
Immersion
extracts 40% EtOH 18.220 0.003 0.037
20% EtOH 17.056 0.000 0.005

0% EtOH 12.552 0.000 0.002
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Fig. 2. Anti-oxidant effect of tanshinone ITA and cryptotanshinone standards. ROS scavenging assay (A) and ONOO™ scavenging
assay (B). Data are presented as mean + SEM, and statistical significance was analyzed by one-way ANOVA followed by Dun-
nett’s multiple comparisons test. CON, control; SIN-1, 3-morpholinosydnonimine hydrochloride; Trolox, positive control, 100 uM
of trolox; P.C, positive control, 100 uM of penicillamine. “**P < 0.001 compared to SIN-1.
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Fig. 3. Anti-oxidant effect of ethanol extracts from S. miltiorrhiza by extraction method. ROS scavenging assay (A) and ONOO™
scavenging assay (B). Data are presented as mean + SEM, and statistical significance was analyzed by one-way ANOVA followed
by Dunnett’s multiple comparisons test. CON, control; SIN-1, 3-morpholinosydnonimine hydrochloride; Trolox, positive control,
100 puM of trolox; P.C, positive control, 100 uM of penicillamine. **P < 0.001 compared to SIN-1.
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Fig. 4. Anti-oxidant effect of ethanol extracts from S. miltiorrhiza by extraction solvent. ROS scavenging assay (A) and ONOO™
scavenging assay (B). Data are presented as mean = SEM, and statistical significance was analyzed by one-way ANOVA followed
by Dunnett’s multiple comparisons test. CON, control; SIN-1, 3-morpholinosydnonimine hydrochloride; Trolox, positive control,

100 uM of trolox; P.C, positive control, 100 uM of penicillamine.

ko

P <0.001 compared to SIN-1.
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