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Gt (Salvia miltiorrhiza Bunge)S &%} (Lamiaceae)2]
Salviagzol| 4:8l= Y9 thdA A==2A (Han, 2004) ¥
A7 FEmoR A 9 HdH A3 A5 AR

and Jung Dae Lim*’”’

ABSTRACT

Background: This study was conducted to determine color parameters, and identify
pharmaceutical constituents and phytochemical characteristics of Korean cultivars (Hongdan,
Dasan, and Kosan) of Salvia miltiorrhiza root (Danshen) by crop years compared with those of the
Chinese cultivar [“Zhongdanyaozhi No. 1 (ZD1)”].

Methods and Results: Redness (a°), yellowness (b*), extract yield, salvianolic acid B (Sal B), and
tanshinone IIA (TanlIA) were generally higer in Korean cultivars than in ZD1, implying effective
quality control with Korean cultivars in Danshen. Sal B and TanlIA content were found to be
the highest in Korean cultivar ‘Hongdan’ (3-fold higher than ‘ZD1’) in the 2020 crop year. Sal B
was chosen as a major markers to assess Korean Danshen quality. However, Sal B detection was
apparently incomplete and insufficient for quality control, because Sal B degradation was crop
years dependent, Sal B was degraded to some small molecular phenolic acids, such as caffeic
acid, protocatechuic aldehyde, lithospermic acid, and danshensu, which were elucidated by liquid
chromatography. Analysis of Pearson’s correlation heatmap revealed negative correlation between
Sal B and small phenolic acids. The Sal B content of Danshen was correlated to the redness of
color parameter, the total terpenoid content, TanlIA content, suggesting that it would be reasonable
to simultaneously detect these characteristics for Danshen quality control.

Conclusions: This study provides constructive and meaningful references for the qualitative and
quantitative analyses of S. miltiorrhiza root, which can help establish better quality standards.

Key Words: Salvia miltiorrhiza Bunge, Chinese Cultivars, Color Index, Crop Years, Korean
Cultivars, Pharmaceutical Constituents, Salvianolic acid B, Tanshinone ITA
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29 2018 oF&-2HE Afn| 11,715 ha® 1%
kol AA AMEAL 1 hag o), 201993 E HA}
7hsked 20210 d0l] oFg2HE A AuiE A 10,706 ha
kel AA AuE A
Korea).

2010978 = Ae Al AlErske] 20129 =
Aaro] AFER O (Yang et al, 2017), =W Hzx ©
A E29] “t}Ak (Dasan)” %% (Jeong et al., 2023) 3 &
2 Sy Wyalo] g “34t (Gosan)” FF o] A
v} 2t} (RDA, 2018).
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Gake] A A RS salvianolic acid A (Sal A),

salvianolic acid B (Sal B), lithospermic acid, rosmarinic acid
2 danshensu (DS)Z L& 2 R-(+)-(3,4-dihydroxyphenyl)
lactic acid (Li, 1998)2 ¥3}3t 84 #H&A 153
tanshinone I (Tan 1), tanshinone ITA (TanII A), tanshinone
1B, cryptotanshinone (CT) % dihydrotanshinone I (DHTS)
S ¥3ete FHA tanshinone Al Do) AEOZ b0l
At} (Li et al., 2010).

Aol A 7 ER3E 3FEHEQ] salvianolic acid (Sal A
2 Sal B £3he @49 3% - 5%E AT g
o] ¢ =t IHA YO (Zhao er al, 2008), IF
23} (Zhang et al., 2014), 33 (Chen et al., 2001), &+
A2 AF 1S B4 (Zhao et al, 2017), BAYZE
(angiogenesis) % I<=A|3E2] alkaline phosphatase 2432
78 ofgzHgo] Mawar Qo) (Shim et al., 2010;
Ho and Hong, 2011).
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phenanthrene-quinone T2 2 Ao 7|13t
7} (Dong et al, 2011), DNAS} A3
% Aole] HEAEE TR AFoA e
gaksl &4 (Zhou et al., 2013), VA <3S 74
dn A9 IR PPAE BAEY S a7 (Wei
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T3, T3 G- AE TanllAS Sal BSF A ©4te]
& Wl 4% 2o ST AT SA
91T (Pang e al, 2016), 020% o] BHate2 7
=i o), ©ike] &8e Slo] x3E AdE T
Auf A o] AE]A 27 (Peng ef al., 2014), 53 2 7}
(Zhou et al., 2014), 7}5 2~E# 29| (Liu ef al., 2011)
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T3 AA FEEe Tt @are = AAe Ay 4k
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9] TanllA $FFS 7HA= ZACS 2 HiEal Qo] (Kang,
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Zheng et al., 2012), & 2] A1 (infrarred, IR, Liu et al., 2012),
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EOHIE o] 83 B4 WH (Martelanc et al., 2009),
wol olgl A ZZelE 18] (liquid chromatography,
LC, Hou et al, 2011), AA|AZrtE 1) 0]-ZAFEAH
(liquid chromatography-mass spectrometry, LC-MS, Chen et
al., 2011), 113 95 I =ZvfET22)3] (high speed counter
current chromatography, HSCCC, Sun et al., 2011), =A%
71995 (capillary electrophoresis, CE, Zhao et al., 2014)
2 7] 318} (electrochemical, Wang et al., 2012) 52| 7}
Q¥ B4 wEET ol Babe) F4¥Q Sal B
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A £4E 4 %le HPLC 24 WY
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= AZE A FZE 5 o] HHEoF Ao
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S+
60 Hz, UCP-20,
JeioTech, Daejeon, Korea), T}A] 30 £+ wuksle] (100
pm) =33t

7} 22 filter paper (No. 6, Whatman International Ltd.,
Maidstone, England)= <J3}st11, 7+t &= (Eyela Co.,
Ltd., Tokyo, Japan)s}o] FEES A|Z39 0 (Fig 1).
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Fig. 1. Preparation of the powder and methanol extract in Korean cultivars and Chinese cultivar of Salvia miltiorrhiza root. (A);
Chinese cultivar harvested at 2020 and storaged in room temperature (Zhongdanyaozhi No. 1, Shandong Province,
China, ZDT1). (B) - (D); Korean cultivars was harvested at 2020. (B); “Dasan” cultivar, (C); “Kosan” cultivar, (D); “Hongdan”
cultivar. Methanolic extract (30 mg/ml) of varieties, respectively.

(ZD1)9] Zt FZ=F AEE 30 mymle] TEZ A Z5}d]
culture dish (SPL life sciences, Pocheon, Korea)oll 10 m{2
BF35te] D65-10 FPL o]-&3F AMxHA (X-rite vs450,
X-Rite Inc., Grand Rapids, MI, USA)S ©]-&-3}] 3 3] ut

B =439l Az} dlolElE CIELABAAIS o] &3
BE L), AU @) B2 A= 0)E FHAT F A4
I AAE 2F A A6 AR T

HMX7]

4, HPLC &AM =A

Salvianolic acid A (Sal A), salvianolic acid C (Sal C) 3t
F3¥ S MedChemExpress (Romulus, MI, USA)2] A<
S AME-3} a1, danshensu (DS), protocatechuic aldehyde
(PCA), vanillic acid (VA), caffeic acid (CA), rosmarinic
acid (RA), lithospermic acid (LA), salvianolic acid B (Sal
B), dihydrotanshinone I (DHTS), cryptotanshinone (CT),
tanshinone I (Tan I)3} tanshinone Ha (TanllA) 532
Sigma-aldrich (St. Louis, MO, USA)°l|A] protocatechuic acid
(PA) E3%-2 HWI pharma services GmbH (Germersheim,
Germany)ol| A} ufjs}of AR-8-3} AT

F% 2 =% A8+ syringe filter (13JP020AN, 0.20
/m, Advantec Mfs. Inc., Dublin, CA, USA)o| oJ3}3t %
HPLC £4]o] A}83}9t} HPLC systemS Shimadzu LC-
20AT (Shimadzu Co., Kyoto, Japan) & A}&3}%0H,
Column YMC-Pack ODS-AM column (250 mm X 4.6 mm
LD, 5 im, YMC Co., Ltd., Kyoto, Japan)= AF&-3}5 T}

@ake] 14 73] AE (DS, PCA, PA, VA, CA, RA, LA,
Sal B, Sal A, Sal C, DHTS I, CT, Tan I, TanllA)S FA]
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Chen 5 (2012)9] "S- W ste] 2831t (Table 1).

ZF el gk 2FFS 5 gl 10 pg/ml, 20 zg/ml,
40 pg/ml, 80 pg/mt o] FEZ S|Aste] EAT & 3]
WA ARAG RS AEsIEem 7 A5 WA
BF Fol A8t S AFstAnh

o
=

Table 1. HPLC operating condition of simultaneous analytical
method for 14 pharmaceutical constituents in Salvia

miltiorrhiza.
Instrument Shimadzu LC-20AT HPLC system
Column YMC-Pack ODS-AM column
(250 mm X 4.6 mm I.D., 5 zm)
Detector UV-VIS detector (280 nm)
Solvent A Water : acetic acid = 99.2 : 0.8
Solvent B Acetonitrile: acetic acid = 99.2 : 0.8
Flow rate 1 mé/min
oven 30C
Injection volume 10 0
Gradient elution system
Time %A %B
Initial 98 2
40 54 46
60 34 66
70 52 48
71 10 90
80 10 90




AlOf|2] - B . Z017] - 2R - AR - SRR - 0]7]2 - ALY
£0=, S22250|E, SEHEHLO|E & &4 AT (p < 0.05).

51. 3l &% =4

Total phenolic contents (TPC)E Folin-Ciocalteu’s -2
(Khan et al., 2012) -3-83}e] A3}

AZ3 FEES | mgmlE A5l ALL3al, A
F 20 19 Folin-Ciocalteu’s phenol reagent (Sigma-Aldrich
Co., St. Louis, MO, USA) 100 42} 80 1£2] 7.5% sodium
carbonate (DAEJUNG Co., Ltd., Siheung, Korea)S 7}
Sk & FoA 45 E7F A RESAIZL 760 nmel| A

micro plate reader (Epoch, Agilent Technologies Inc., Santa
Clara, CA, USA)E A3l §3%= =435t
X5 FAL gallic acid (Sigma-Aldrich Co., St. Louis,

MO, USA) AloFS ol 83T, dHake
equivalents (GAE)m¢{Z YERJ AT,

g gallic acid

52. SECEL0|E & B4

Total flavonoid contents (TFC)= Khan 5 (2012)2] =

S o] g3tk
Az8 FZ2ES 5 mgmlZ 3 Aste] AFREEIL, A

3 20 09 95% ethanol 60 0, 10% aluminium chloride
hexahydrate 4 /£, 1 M potassium acetate 4 /£3} distilled
Water 112 & FH7FgE § AF2olA 40 &3F WESA|

71 3 415 mmol| 4] micro plate reader (Epoch, Agilent
Technologies Inc., Santa Clara, CA, USA)E AF&-3te] &
FE 29390,

¥FE 29 ZAL quercetin (Sigma-Aldrich Co., St.
Louis, MO, USA)S o]&3t 2Astdar, e
-quercetin equivalents (QEYmlZ ERN AT}

53. EHH 0=

Total terpenoid contents (TTC)= Biswajit 5 (2021)°] 2]

@ e A gstan.

AZ3 FEE AIF 200 20 (1 mg/ml)ZS 70%0] perchloric
acid 1 ml, vanillin-glacial acetic acid (5%, w/v)= HIL 49

o]FT}h 1 & glacial acetic acid 5 mE F7}3F & 548
nmofl 4] UV spectrophotometer (Thermo Fisher scientific Inc.,
Waltham, MA, USA)E Al&-3le] §FEE =A 33T}

¥ FAE ursolic acid (Sigma-Aldrich Co., St. Louis,
MO, USA)E ©]8&3te] A3, e
acid equivalents (UAE)mlZ YERN AT}

g-ursolic

2 A
24L& SAS v9.4

Cary, NC, USA)S ©]&3}4] DMRT
FEoAM fF948S A

(SAS Institute Inc.,
(Duncan’s Multiple Range Test) 5%
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Table 2. Color index of methanol extract by CIELAB value on different crop years of Korean and Chinese cultivars in S. miltiorrhiza root.

2) .
Color parameters Yield of methanol

Crop years / Cultivars C X b extract (%)
ZD1"(2020) 73.12+0.10° 16.9 +0.46' 55.78+0.99" 27.52+1.29°
Hongdan 53.49+0.22° 53.31+0.34° 90.38+0.34 50.58+3.20°
2020 Kosan 58.38+1.61 44.79+0.26° 94.95+0.88" 48.59+6.27°
Dasan 58.13=0.19" 45.47%0.10° 94.40%0.24° 51.67+3.85°
Hongdan 54.49+0.96° 47.54+0.99" 91.15+1.06" 43.68+8.20"
2019 Kosan 67.77+0.86" 23.21+1.27° 67.71£2.27° 34.20+5.30™
Dasan 61.16+0.84° 39.43+0.61° 90.61+0.88" 36.49+5.12"

"ZD1; Chinese cultivar (Zhongdanyaozhi No. 1, commercial product was cultivated and harvested in Shandong Province, China and storaged in
room temperature). “Color parameters (L lightness, a’; (+) redness, b’; (+) yellowness. Values are the means = standard deviation of triplicate
analyses. ‘Means with different letters in the same column are significantly different by Duncan’s Multiple Range Test (DMRT, p < 0.05).

3RS VERATI 31T (Pang et al., 2016).

Zhan & (2019)2 LRb Tty S w= wab b
o] F4 Aolg ZARSE AFe WEW FIAS o=
ito] dwk ©halH T} tanshione AlB e AR Shako] b
< FEoE xIelal e AS s, HeEs
W= TanllA, Tan 19] S 7HATFE 7t H 49
Al FEAS YeRdtaL ST

gl Ao AN Tk Rk Tt Blagk =
TAME S ges G Fa fFadEd
TanlIA, TanlIB&} 212-~9} #HH quinone, flavonoids 5]

]
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Uit Basle] oA aATsl Agyt X3k

(Su et al., 2021).
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2F, flavonoid, 21& % 557 N9 o= &

Aol A A2 mF7t mA mEglel| Blste] flavonoid
¢} proanthocyanin®] $FeFo] =31 shikimic acid 7 =9}
phytohormone THA} ZA =29 = 3}3HE, 53] zeatind}
indoleacetic acid 59 2&EA 283 I FEA7F =
THoR =& F£F z3kstal Jokal B sttt
ool AFE 1 o AEo] A Aefjo] &
A& A Q3 s B
£ AE TE2E E
sV 5 9lom

o] AN E

CR=R

2|
£ 4

A
o

R

)

8]43te] HPLC 24 &
FE I3 23} danshensu (DS, 8686x + 4235,
R’ = 0.9996), protocatechuic acid (PA, y = 13595x — 144006,
R’ = 0.9997), protocatechuic aldehyde (PCA, y = 30798x —
25646, R* = 0.9995), vanillic acid (VA, y = 16596x — 6629.2,
R’ = 0.9999), caffeic acid (CA, y = 22393x — 26224, R’ =
0.9998), rosmarinic acid (RA, y = 749.51x + 1046.5, R* =
0.9954), lithospermic acid (LA, y = 4455.1x — 17621, R* =
0.9901), salvianolic acid A (SalA, y = 47158x — 182113, R’ =
0.9982), salvianolic acid B (SalB, y = 13917x — 18557, R’
= 0.9997), salvianolic acid C (SalC, y = 6261.5x — 27598,
R’ = 0.9985), dihydrotanshinone I (DHTS, y = 39402x +
24974, R> = 0.9999), cryptotanshinone (CT, y = 239262x +
100139, R* = 0.9999), tanshinone I (TanI, y = 21089x +

L &
AR

« i
2]
— o

68375, R* = 0.9997, tanshinone ITA (TanIIA, y = 54766x
— 15526, R* = 0.9995) RFox] M4, HIPe 3¢l
ste] Slid Ao Tl ofg] &4 E48 TS
2 AN BT F de AFHES IRl
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20199 % 9F 2020 0l A @A FF 3 F (TR Shel= ool FAdE 7]201 == Sal B
a2k ) AIRZHEE 100% HEE FEE Tg_‘ = =
31 phenolic acid group, tanshinone group®.& o] w| gk S YERA .LN-JJ— oAk %%% z}yz} 61.84
< FEE g 7 A T Adx =4 uig 7 1347 pg/mgEXS} 61.68 £ 10.08 pg/mg EXCE -FALSH
/\gg_gq 5}&_0_ 74243}0§o:q %g—x} r)r}\]- = (ZDl)jl,], FFoz iLo]QOiouq o]a}%} ﬁskg 20191301] AL
H] W3} (Table 3, Table 4, Table 5, and Table 6). ikl Ao e AHEks ‘JrF)rLH AT} (Table 3).
HA Hege FE55 mgd 254 2] phenolic acid AlE Phenolic acid AlE 10 £ F IJFHAME T =
AEo] gtek vluoA] A= 1:]'\_ A= (2019 2 2020 o] 7F4 =& stEke ) o] Sal BE X &St henollc
Wyl et o, a4 oE FE5S vasids d, acid Alge] EHE ¥ T2 it FF52 T
phenolic acid A& 10 = Z DS, PA, PCA, VA, LAV} & Q1S &<2l3}4 T} (Table 3 and Fig. 2).

H o rr Lo
( 0101,
1 o

i

= FFolA 201936 LS Tato] 20200l AYARE Fgo] adE Hdx dEd gt 7# *3%94 TS
it ozt FUlete AES UEhd uhd Sal A, Sal JEEE wwstES w 201930 AaE watelA v
B, Sal Co] 7%= AxdE & FF| Aol el & FEF mgd 7 A9 %‘%O] %9}6 DS, PA,
A ka1 AP Q1A (Table 3). PCA, VA, LA & VATlo] 73] =9k31 ©hE phenolic

T FE 2o e Apole 202010 AAHE WA acid AlEES AN FECE UENES™ Sal A, Sal B,

Table 3. Hydrophilic phenolic acids contents of methanolic extracts in S. miltiorrhiza Bunge by different cultivars and crop years.

Content (ug/mg - EX")

Crop years / Salvianolic acid
Cultivars DS PA" PCA? VA? CA” RAY LAY A av'a”‘B) icad c Total

ZD1” (2020)  0.07+0.00" 0.55+0.00° 0.20+0.00" 0.10=0.01° 1.05+0.01" 8.78+0.94" 9.00+0.63" 2.09+0.03" 49.61=3.35" 1.53+0.01° 72.99+4.84"

Hongdan 0.05+0.00° 0.520.00" 0.17£0.00° 0.12+0.01° 1.00£0.00° 9.17x0.70" 3.96=0.21 2.09+0.01" 72.88+5.60" 1.58+0.01" 91.48+6.41"
2020 Kosan  0.05+0.01° 0.52+0.00° 0.17+0.00° 0.14+0.04° 1.02+0.01° 8.16+1.29° 3.44+0.39" 2.08+0.02° 61.84=13.47" 1.58+0.01" 78.98+15.24"
Dasan  0.05+0.01° 0.52+0.00" 0.17+0.00° 0.14+0.03° 1.01+0.01° 9.96+0.96" 3.82+0.31Y 2.10+0.02" 61.68+10.08" 1.56=0.01" 81.01+11.42"

Hongdan 0.07+0.00° 0.66+0.01" 0.18=0.01 0.24+0.01" 1.01=0.00 10.177£1.38™ 5.23+0.37° 2.15+0.07" 74.88+6.78" 1.57+0.01" 96.168.40°
2019 Kosan  0.07+0.00° 0.61+0.00° 0.18+0.00 0.34+0.01° 1.03=0.00° 9.97+0.62° 4.66+0.18" 2.05+0.00° 59.05+3.11" 1.54+0.00° 79.49+3.88™
Dasan  0.07+0.01" 0.61+0.01° 0.18+0.00" 0.20+0.02° 1.01+0.00 12.11+1.32* 5.09+0.37> 2.09%0.01 61.61+6.68" 1.55+0.00" 84.51+8.39™

VEX; methanolic extract basis, ”ZD1; Chinese cultivar (Zhongdanyaozhi No. 1, commercial product was cultivated and harvested in Shandong
Province, China and storaged in room temperature). *DS; danshensu, “PA; protocatechuic acid, ”PCA; protocatechuic alehyde, “VA; vanillic acid, ”
CA; caffeic acid, *RA; rosmarinic acid, ”LA; lithospermic acid. Values are the means = standard deviation of triplicate analyses. ‘Means with different
letters in the same column are significantly different by Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 4. Hydrophilic phenolic acids contents of raw material in S. miltiorrhiza Bunge by different cultivars and crop years.

Content (ug/mg - DW")

Crop years/ Salvianolic acid
Cultivars DS’ PAY  PCAY  VAY  AY RAY LAY A B C Total

ZD1? (2020) 0.02+0.00° 0.15%0.01Y  0.06=0.00° 0.03+0.00° 0.29+0.011° 2.41+0.16° 2.47+0.06" 0.57+0.02° 13.63+0.60" 0.42+0.018° 20.05+0.72°

Hongdan 0.02+0.00° 0.26+0.02™ 0.09+0.01" 0.06=0.00" 0.50:0.030" 4.60+0.29" 2.00=0.05” 1.05+0.07" 36.75=0.70" 0.80:£0.045" 46.14:0.90°
2020  Kosan  0.02+0.00* 0.25+0.03™ 0.08+0.01" 0.07+0.02" 0.49+0.059" 3.92+0.30“ 1.66+0.09" 1.01+0.12" 29.55+4.04" 0.76+0.092" 37.81+4.25"

Dasan  0.03+0.00" 0.27+0.02" 0.09+0.01" 0.07+0.02" 0.52+0.040" 5.15+0.60° 1.97+0.20" 1.08+0.08" 31.86=5.46" 0.80+0.058" 41.85+6.36™

Hongdan 0.03+0.00" 0.29%0.05' 0.08+0.01" 0.10£0.02" 0.44+0.08" 4.37+0.32" 2.27%0.29" 0.94+0.19" 32.36=3.63" 0.69+0.13" 41.56=4.65"
2019  Kosan  0.02+0.00° 0.21+0.03° 0.06=0.01° 0.12+0.02° 0.35+0.05™ 3.39+0.34 1.59+0.20° 0.70+0.11° 20.13+2.58° 0.53+0.08° 27.10+3.42°

Dasan  0.03+0.00° 0.22+0.03* 0.07+0.01" 0.07=0.02" 0.37+0.05™ 4.38+0.26 1.85+0.13" 0.76+0.10™ 22.27+1.11° 0.56+0.08" 30.58+1.68"

"DW; dry weight basis, “ZD1; Chinese cultivar (Zhongdanyaozhi No. 1, commercial product was cultivated and harvested in Shandong Province,
China and storaged in room temperature). *DS; danshensu, “PA; protocatechuic acid, *PCA; protocatechuic alehyde, “VA; vanillic acid, ”’CA; caffeic
acid, “RA; rosmarinic acid, ”LA; lithospermic acid. Values are the means =+ standard deviation of triplicate analyses. "Means with different letters in
the same column are significantly different by Duncan’s Multiple Range Test (DMRT, p < 0.05)
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2. HPLC chromatogram of 14 pharmaceutical constituents in
Korean cultivars and Chinese cultivar of S. miltiorrhiza
root. (A); standard mixuture (25 pg/ml, 1; danshensu
(DS), 2; protocatechuic acid (PA), 3; protocatechuic
aldehyde (PCA), 4; vanillic acid (VA), 5; caffeic acid
(CA), 6; rosmarinic acid (RA), 7; lithospermic acid (LA),
8; salvianolic acid B (Sal B), 9; salvianolic acid A (Sal A),
10; salvianolic acid C (Sal C), 11; dihydrotanshinone |
(DHTS), 12; cryptotanshinone (CT), 13; tanshinone |
(Tan 1), 14; tanshinone lIA (TanllA), (B); Chinese cultivar
harvested at 2020 and storaged in room temperature
(Zhongdanyaozhi No. 1, Shandong Province, China,
CP). (C) - (E); Korean cultivars was harvested at
2020. (C); “Dasan” cultivar, (D); “Kosan” cultivar, (E);
“Hongdan” cultivar. Methanolic extact (10 mg/mf) of
varieties, respectively.

97

Sal Co] A-5v Ee FEolA 20199 Aikd &
o} 202040l AAtE Tl o EE Fow &
Zo] Flxo] Byt 7|zte] Aod4=E shafo] 7t
< FR1E 4 UAT (Table 4).

TY A= Auigt Ak @A FF 3 F (CRE 2
2h, Ehd St @ 5 @by T AolE H
e FE55 mgd 7 4R FHOoRE vHudA stAS
749 AEA}F phenolic acidel] 43F= DS, CA, LA 59
AR o] Uit FERG Tt & 5 (ZD))
oA E=e TS Yeplor w2 Sal Bo] e
TUF TR T2 I FF (@ZDDolA ] W
FEe YE AT (Table 3).

53] DS ¢ Uik FFL 0.046 — 0.048 sg/mg
EXS UEhd whd S Wk FF (ZD)S 0.071
0.00 pg/mgEX FFS Yehlo] oF 36% T4k ©
FEol ¥ =2 FHS eI, LA T &
EZ ZDDY A9 900 + 0.63 pgmgEX, TU EE
3437 — 3.963 pg/mgEXS] S el o] 26 8] =
steks ehfiTh ¥hE Sal BE 3 Wt &
ZDDl A 49.61 £ 335 wgmgEXQAH] HI3}e] = =
Zo] AL 61.677 — 72877 wugmgEXS] £FoZ =7
el S54F @it F5 (@D Sal BO] e =
FEol vlaste] oF 68% TR e AEFS YEh
At} (Table 3).

F&o] e Ax FE digh ZF AR oA
= DSE A|9]3F & phenolic acide] daFo] = FF
o] T=AF @it ¥ ZDHEY U 52 FFEoE g9l
T} (Table 4).

2ol 2= Fote 8

5 % o>
o

P

fo rlo o> o= H

i

<
k-4
B3] EA ke 20208 AYAE O] AFIH T
A2 FF @D g F AREo] Ald AlFE (2019

doll FEEo] 12} 7hEEo] A
el veElgE Ax 529 Sa
phenolic acid22] A3t} =715 o] F
AATH

ol 3l Ad= It (S. bowleyana Dunn)S Tt o 2
3le] Sal BE ] AA|, F#3}al gastric cancer cellsol]
gk gk avE 3lgh Aol A Sal B7F LA9F DS
=38 B JAETE Bl (Chen ef al, 20202} Sal
Bo] A& &) 9lo] alkaline solution 274 (pH 10)
Fusarium oxysporum®] Z+-8-0 2 ester 23%F S|P O =ZH
LAS} DSE 7}pidlEa oA & T2 ester 2%9] 3
22 218} prolithospermic acidZ AZ == AHE 23
o] o]Fo]AH Sal BE L#U-ES A7F3t7] 918ke] pH 7
o] 84S A stofoF k= Bl (Kan et al, 2012) 2
o] wZo] whe} Sal B7F @9l PCAR Esjdthe
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}oof &
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Fig. 3. Pearson’s correlation heatmap showing the correlation
between each of 14 pharmaceutical constituents in
Korean cultivars and Chinese cultivar of Salvia miltiorrhiza
root. DS; danshensu, PA; protocatechuic acid, PCA;
protocatechuic aldehyde, ;VA vanillic acid, CA; caffeic
acid, RA; rosmarinic acid, LA; lithospermic acid,
Sal B; salvianolic acid B, Sal A; salvianolic acid A,
Sal C; salvianolic acid C, DHTS; dihydrotanshinone 1, CT;
cryptotanshinone, Tan [; tanshinone |, TanllA; tanshinone
I1A. The darker red color indicates proportional
correlation, while the darker blue color indicates
inverse correlation.

AT} (Li et al, 2009) o]y 71 A ol A
= 71E 7L Sal BE DS9 CAZ H3lE
B3 (Pang et al, 2016)5 1Hste] & uf £3-HAx
HaE ik A WEe A% 7o) AlTHA 2
Jejoll Al B 7|7ke] AR Ax EZo] H+ Sal
BE X33} salvianolic acid AlE Edo] thE A E A}
phenolic acid A8 EA= Fald + Ao o] uwet
AEollX ] A AEol gk A7 o] FojXith= A
[e)

= & T AT
T3 Axd, FTE g Wolo HolHE HiEe
2 3 AFBAAE A3 Pearson’s correlation heatmap®l|
PN

==

acid & RA9 7% Sal BY ko] A#ATA R’ = 0418)
£ YErd WA Sal B Ealet #AE AEAE
phenolic acid®] CA (R* = -0431), PCA (R* = -0.421), LA
(R* = -0.361), DS (R* = -0361)$} ] J##AS Vet
Wdek o] gk Sal BoF 59 FAAAE UERA A4}
9] phenolic acidi= Sal CollA] Sal B2Fe] &2 AAAA K
o o =2 579 29 AAHAE YeERAY (Fig 3).

Di 5 (2013)& RAE Sal B9 HAFEd= 2830

R
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RAZ} Akl 2 phenoxyl radicalS- 34335t 49 2709
phenoxyl radicalo] ApHzQl ZA3Fo 2 Sal BE FAAE
I A s e, ©@itolA EA) 3= phenylalanine
ammonia-lyase (PAL)S] Zul]l &Alo| 2]3}¢] rosmarinic
acid®] =4S Z7}A]7]3, SmPAL1 (phenylpropanoid
pathwayol| 4] phenylalanine2 phenylalanine ammonia-lyase
o] Zrg-of 2]&}e] 4-coumaroyl-CoAS Z3ho] wHeS <
Asld RAS}F Sal B, &5 1 ghiFo] 7kA3dithal H s}
o] (Song et al, 2011), RA%} Sal B= A 7]HdA 2
o Ao W WolT Uehile Sad 5 At

TS Sal BY w3l 7 ARONA e, el
A 2L Aol 3 (simulated intestinal fluids, SIF)ol] A
s=jo] Sal Be] F& i1d] (furan ring)7} Y& Sal
D Lt Sal E7F AAHR T4 Sal B A% 2 A
g2 <& sal C7F BE 5 As ¥ oY) Sal C=
Sal BEFE CA7Z} 245 JA== LAV F712 &
A AAEE APELS AAS A7 29 Xu e
al, 2008)5 Ylwsle] & w) Sal B} A 7|Hol o]
= HATEHER RAY T2 o FHBAE, Sal B
o} &l 7)Mo BA3= CA, LA T2 & A&
phenolic acid 18 &9 Fe o & FAd 3
o1 CA, LA 59 tZ HEA}F2] phenolic acide] F7}
Al E3E T3 YEle Sal C7F &9 AFIAE
UERE S 18 4 AU (Fig. 3).

HeS FE25 mgd 2549 tanshinone A€ AAE
o] g HlaoA AZ tE dAx (20199 H 2020)
of &3 4t & FF 3 T (T 24 SHE
HaakelS W, 20206 AAFE @akRTE 2019 A4k
3l Aol A tanshinone AlE A& 4 = = DHTS, Tan I,
CTe BE F34 S7hke 432 vedislen =
3 CTel A% ¥, 24k b EEoIA 20204 A
@]l A 44 115 £ 030 pg/mgEX, 1.06 = 029
ug/mgEX, 144 + 0.13 pgmgEXS JeRd A vlsf
o 20199 AJkd Akl A9 247 621 £ 114, 332
+ 040, 285 + 1.56 pgmg:-EXS = 2 vjollA 6 v} &=
°F ¢ 52 FFSE UEAT =3 I FFolA
Tan 19] 79 20199 AJikel @ibo e shaFo] (13.27
+ 191 pg/mgEX) 2020d AJAHE T4F (677 £ 037 g
/mgEX) Ho} oF 2wl o] w& A AA
o ®BbE TanllAS] 739 =9 ¢ T

Fo
B BE

S
oy

=

2
3o 1o
o 2

A= WHol= IATH (Table 5).
HE go] 1EE dx YEJ st Zb tanshinone
4 Shes AxdEE BwdlYS A$ 2019
kol 20200 A4tE @AatE T DHTS,

Tan I, CTO] Z7}et= AFE FAGIISH 1 =7}
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Table 5. Hydrophobic diterpenoid quinones contents of methanolic extracts in S. miltiorrhiza Bunge by different cultivars and crop years.

Crop years / Content (1g/mg + EX")
Cultivars DHTS? cT? Tan1? TanIIA? Total

ZD1"(2020) 1.40+0.09° 1.77+0.22% 8.25+1.02° 3.97+0.49" 15.39+1.81"
Hongdan 1.14+0.12° 1.15+0.30" 6.77+0.37" 6.40+0.43" 15.46+1.18"
2020 Kosan 1.11+0.12° 1.06+0.29" 5.02+0.94° 4.55+0.90% 11.74+2.14°
Dasan 1.26+0.05™ 1.44%0.13“ 5.23%0.51° 5.55+0.36™ 13.47+1.05°
Hongdan 1.64+0.17° 6.21+1.14° 13.27£1.91° 6.94+1.11° 28.05+4.32°
2019 Kosan 1.23+0.06™ 3.32+0.40 6.18+0.63° 3.73+0.36" 14.47+1.43°
Dasan 1.41+0.10° 2.85+1.56™ 8.50+1.19 6.36+0.68" 19.13+0.66"

"EX; methanolic extract basis, ?ZD1; Chinese cultivar (Zhongdanyaozhi No. 1, commercial product was cultivated and harvested in Shandong
Province, China and storaged in room temperature). ’DHTS; dihydrotanshinone 1, *CT; cryptotanshinone, *Tan I ; tanshinone 1, “TanIIA;
tanshinone IIA. Values are the means = standard deviation of triplicate analyses. "Means with different letters in the same column are significantly

different by Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 6. Hydrophobic diterpenoid quinones contents of of raw material in S. miltiorrhiza Bunge by different cultivars and crop years.

Crop years / Content (g/mg + DW")
Cultivars DHTS” cr? Tan1? TanTTA® Total

ZD17(2020) 0.38+0.01¢ 0.49+0.04° 2.26+0.19" 1.09=0.09° 4.22+0.33"
Hongdan 0.57+0.02" 0.58+0.11" 3.42+0.07° 3.23+0.06° 7.80=0.12"
2020 Kosan 0.53%0.05° 0.51=0.12° 2.40%0.17% 2.17+0.19° 5.62+0.46°
Dasan 0.65%0.03" 0.74%0.04™ 2.69+0.18° 2.86+0.15" 6.94+0.38"
Hongdan 0.71%0.07° 2.65=0.05° 5.69+0.33° 2.97+0.14° 12.02+0.58"
2019 Kosan 0.42+0.05¢ 1.12+0.05" 2.09+0.15 1.26+0.07° 4.90+0.31%
Dasan 0.51%0.04° 1.09+0.76° 3.07%0.21° 2.30%0.09° 6.98+0.91"

"DW; dry weight basis, “ZD1; Chinese cultivar (Zhongdanyaozhi No. 1, commercial product was cultivated and harvested in Shandong Province,
China and storaged in room temperature). ’DHTS; dihydrotanshinone 1, “CT; cryptotanshinone, *Tan I ; tanshinone I, *TanII A; tanshinone 1I
A. Values are the means + standard deviation of triplicate analyses. ‘Means with different letters in the same column are significantly different by

Duncan’s Multiple Range Test (DMRT, p < 0.05).

2 0% & AF%S e WHE TanllAS] 73
T 20200 ABLEE ©Hpkel] mISte] 2019 AJAHE o
AolA BAASE FY3t FFEoE HATS AT
T o] Wge FEE mgd tanshinone A€ AE2] WA
ool A #FH AFAHS F&o| 1HE dx dE T
tanshinone A€ AJ&o] WHolE F3l tls A3 & &
AAT} (Table 6).

Y A= A L St FE 3 F (R
2 FHhH T i FF @D i AolE
e FZ5 mg Y tanshinone A€o Z+ AE gzko g

Hlao A 8tAE A St FERY T4 Wt F
% (ZD1)°|A] DHTS, Tan I, CT9] S FHoz =
UAIRE, TanllAS] 7% WM vhe s Yepdo
(Table 5). S}A|NF F&o] 1HE Ax A= gk 2z
g 249 Ass este
(ZD1)el <} DHTS, Tan I, CT|
TR FEEAAY AH

FE FES AYsele W e

tanshinone A|¥ A&
B F4k ot
shefo] =8 AL

ol A% Ao

3 =z

A=<

99

tanshinone A& ‘g0l mUi4t FFo] 7HA= AR
Fro e FES UERH AT (Table 6).
A=, FTE FEF ¥ol9

HolHE nigo=z
Pearson’s correlation heatmap®. 2 7}A|3}s}e] Thatel] 3
gE= 7 AR ABRBAE F4% A TanllAe
DHTS (R* = 0.524), Tan I (R> = 0.601), CT (R’ = 0.362)
59| tanshinone A€ AERT} Tt AxARESRE &
#7l Sal B (R*= 0.792)¢} O & &9 %49 Aaxn
AE UeEPES g 5+ AAJT (Fig. 3).

o]#Jat AT AF= 9+ tanshinone AlY AE<] A
A AR st el wdo A A wAY
Z9] AHdbol| cytochromes P450 F-AA7F & &S 3l
2™ cytochromes P450 5 3FLFQl CYP76AKI1S] 733k
24 93t tanshinone AlE AT Aike] F7sh
= o™ (Contreras e al., 2019), RNA interferencel] 2]
gk CYP76AK1 734} ¢&d o] AAZ TanllA, Tan I, CT
o] F&7} s Yolg= A ARE vluste &
o (Guo et al., 2016), cytochromes P4509] 3k ZAx}
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oo 2 T FFoF AR = TanllAo] 34 HA=E 2019 d0] EAIFOZ ot =& A YeEhAou
9] downstream®l] 333} TFE tanshinone AlE Al E 2] 2 W3S YA &k TTCY 39 A9 WHalr}t

A4 8% IS s
TS TanllAS] Ad&Eo] tH&

AEY 2 49
T3}e}
A43to.

S}

RS YepdtiaL szl
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Table 7. Total phenol, total flavonoid and total terpenoid contents

of methanolic extracts in S. miltiorrhiza Bunge by different
cultivars and crop years.

Crop years / TPC” TFC” T’
Cultivars (CGAE - 1g/md)  (QE - pg/ml)  (UAE - pg/md)
ZD1"(2020)  50.53+2.98" 38.24+4.77°  36.67+9.09
Hongdan 65.97+2.26™ 42.73+3.56™ 154.44+11.55°
2020 Kosan  59.90+4.45“ 44.51+2.40" 42.22+13.10
Dasan  59.04+8.76" 44.75+5.00" 146.30+9.05°
Hongdan 86.25+2.38" 52.92+5.44" 157.78+9.69°
2019 Kosan  59.75+9.17° 42.93+10.70" 38.89+4.84"
Dasan  71.76+6.06° 49.67+2.82" 143.33+22.31°

YZD1; Chinese cultivar (Zhongdanyaozhi No. 1, commercial product
was cultivated and harvested in Shandong Province, China and storaged
in room temperature). “TPC; total phenol content are expressed as
gallic acid equivalence (1g/ml extract), *TFC; total flavonoid content
are expressed as quercetin equivalence (ug/mé extract), “TTC; total
terpenoid content are expressed as ursolic acid equivalence (ug/mé
extract). Values are the means = standard deviation of triplicate analyses.
"Means with different letters in the same column are significantly
different by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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121t} (Table 7).

o]H 3t A Azte= WMALEUYE (Betula pubescens ssp.
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al., 1996)¢} A &=}l phenolic acid®] daFo] F7l= 2
N ol slE77E SEelu S3E FElY polyphenol
ot F s 3 g St o 52 FEoE T
oJ3thi= HIl (Carregosa et al, 2019)Z Wl ste] £ uf
20190l QS ©atelld ¥ w2 TPCSH TFCE 4
Ebd 1 Sal B 59 ZEdE ARl AEAY
phenolic acidZ 3. 1857 WjE oz AT

T A FF 3 F (thE 3z &) 1) TPC

2 HwstgS o 20199, 20208 BF 3o EFo] 7}
F e TS B, 2020d0] AAE TF EE
a4 FFL Aol YERA] eskon 2019900 A4k
H it £ 14 FFRG 22 S Yl
Y d=o At Fuidk S FF 3 F (TRE 1
2h TEhe T & 5 @bhREY o =2 %
< BATH

TFCO] 7% 202010 Azkel uUjqk &t £5 3 %

(thk, a4k 39 3 3 AfolE UEhAl kot
202030 AAkE SUA FF9 B 3 FFo] M
& FEFS YEA ok gk o2 FRIEAS
H EE SuUak @it FFo] 4 @A FF (ZDhHE
o 52 s YRS (Table 7).

TTCAlA 2019, 2020130 AJAtel S FFoA 7}
< TS Yoy ot FE% Blasty 5
o)Al FEL ofUoy 7 Axe A4k
T F59 Ot 59 TICE 33t F59] 3

of 4 W FFEOFE FokA A FFY TICE 7
Pl T2k & FF @DDHH AR

l? Hh‘
fru

ol
o
2

d

Aol 7122) =l

0F de r2 to oX & i X oX,
flo
o
of
o
o
32
K
.%
g}
o
.4
ol
o
H
.4
a
o A

=2l gk g, TPC, TFC, TTCO ¥
2 #IAE Pearson’s correlation heatmap o = &
ig. 47 2t}

H9EE ekl o'k 2142

1l

%ol



A UL 30 ST EHE =
i L .
DS
ol 05
PA
Tan|
DHTS 0
RA
cA
Ext. L 05
LA
PCA
TTC
7 Tan 1A
Sal B
TR
| TPc
" |saa
Ext. b
Ext.a
SalC
LRULIALEd3509228R2Fs
Op o> 00 g5 )=> o> - a b=t

Fig. 6. Pearson’s correlation heatmap showing the correlation
between 14 pharmaceutical constituents, color index,
total phenol, total flavonoid and total terpenoid
content in Korean cultivars and Chinese cultivar of S.
miltiorrhiza root. DS; danshensu, PA; protocatechuic
acid, PCA; protocatechuic aldehyde, ;VA vanillic acid,
CA; caffeic acid, RA; rosmarinic acid, LA; lithospermic
acid, Sal B; salvianolic acid B, Sal A; salvianolic acid
A, Sal C; salvianolic acid C, DHTS; dihydrotanshinone
I, CT; cryptotanshinone, Tan I; tanshinone I, TanllA;
tanshinone IIA, color parameters [(Ext. L; lightness,
Ext. a; (+) redness, Ext. b; (+) yellowness) and TPC;
total phenol content are expressed as gallic acid
equivalence (u#g/ml extract), TFC; total flavonoid
content are expressed as quercetin equivalence (ug/mé
extract), TTC; total terpenoid content are expressed
as ursolic acid equivalence (#g/mé extract). The darker
red color indicates proportional correlation, while the
darker blue color indicates inverse correlation.

AAAAE JeERRE AL Sal A (R* = 0.847), Sal C (R’

= 0.847), TanllA (R’ = 0.707), Sal B (R’ = 0.653)¢] 2
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E-212] phenolic acid2}= <2 AABAE 1/}‘5}‘4104 o
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