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Recent advancesin the research on pharmacological
actions and quantitative analyses of naphthoquinones
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Abstract: Naphthoguinones are a kind of important active ingredients in the traditional Chinese medicinal
herb “Zicao”. In recent years, researches on pharmacology and clinical application of naphthoquinones in Zicao
have been gradually deepened and made extensive progress around the world. On the other hand, the plant
origins of the herbal materials of Zicao in market are complex and their qualities are quite different, thus more
and more studies have been focused on the quantitative determination and quality assessment of the medicinal
herb as well as its products by using various naphthoquinones as quality chemical markers. In this paper, we
review recent advances in the research on pharmacological actions and multi-components content determination
of shikonin/alkannin and its derivatives in Zicao so as to provide a scientific guidance for further research and
development of medicinal resource of Zicao, and to establish more comprehensive and systematic method for
their quality control and evaluation.
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Figure 1 The core structures of naphthoquinones and some common derivatives found in Zicao.
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alkannin) of naphthoquinones with R/S configuration at C11, respectively; Il: Some representative derivatives of shikonin; I11: Some
representative derivatives of alkannin; 1V: A representative compound of other types of shikonins
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Figure 2 Potential molecular targets and signaling pathways involved in inflammatory diseases that are inhibited by shikonins. Four
pathways as well as molecular targets for shikonins in inflammation are illustrated, that is, (O NF-xB and relative signalings (e.g.
TLR4/NF-xB); @ MAPK and relative signaling; 3 PISK/Akt/NF-xB signaling pathway; @ JAK/STAT signaling pathway. LPS:
Bacteria lipopolysaccharide (endotoxin); ConA: Concanavalin A; D-GalN: D-galactosamine; TNF: Tumor necrosis factor; TNFR1:
TNFa receptor 1; RIPK1: Receptor interacting protein kinase 1, TRADD: TNFR associated death domain; TRAF: TNFR associated
factor; clAP1/2: Cellular inhibitor of apoptosis proteins-1 and -2; TLR4: Toll-like receptor 4; IRAK: IL-1 receptor-associated kinase;
MAPK: Mitogen-activated protein kinase; NEMO: NF-xB essential modulator; IKK: 1B kinase; 1xB: Member of the 1xB family of
inhibitor proteins; JNK: c-Jun N-termina kinase; JAK: Janus kinase; STAT: Signal transducer and activator of transcription; SOCS:

Suppressor of cytokine signaling
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AT A S AR I R A5 3032 I A 14 4 AL 6
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MO SR B, 0 T 3 — b 24 B A% R BB CRE (G 45
) BER RIS 2 545 5K M R IEEH .
DU LB BT R RN, B T 5 TLRAINF-xB 5 5
S A OG, Y2 G Sl SR T (W
MAPK JE 8 1. #5% KT T-bet &) HATRES 5 H
U 2028 S e By 7 R LR Sl DA R K Sl
2% ) 1) A2 F A Ko 45 T 3% 24 BT D 1 e i e 5 1 B
Hx, REMACERKI T ADERERAFEHM
TEAE 3 T80 i, HEE AN [R5 995 s B 28 20U 11 oK
PEOCEESE A R . REfR MR, BREERZ
o % 25 B A B AT AT BB A LB =k e, i LR
SR PRI AR VA PE A AR AN AR M T R ORI 3L
AR RE Je A Y BRI, O AR SRR R
I W25 K0 50T S5 RO R AR N AR Bl ) 2 R 2 s
% RS T T IR A AT

2 REZFREMISNEESNEE

AR BB 2R S, WO St
— oY 8 EAR MEIA BT A 2 R B AR H 0, A
L b o 2 S R AR UE 25 e 4TI, BZ SR
Z 55 BN E HEAT 52 B . 2010 R E 2 8 ) p,
Tofs PS5 e B N 7 22 i b o0 & B D R R R 31 A, Wik
(0 7 i I 258 A il Rl e PR AR A LB a3
SRR, 2015 FRZGAHI BN T 2R, 241501
Mg J7 ik, HE R EAE R — HPLC & FillEl. N
i RN HEL ity B S AR ARG U s AR vy ) TR A, 2010 B €
2y HUOK “—IZ 1 (multi-components by
single-marker, QAMS) JE44 N, {F JZ 45 5 1) &
AR5 30, 3202 B AT R R g 0 P R A S B B A et
TR AT,

VLK B 2L R R I 25 B P I R T 2k 2
HAME BIER, ¥R N LR R EAr &
VIR WAE A, Rk, M2 bR dE 317 5 i &
il T — AR R R R R E e e B AR AR 1
k. IR E 2, R A BN E TR
F HPLC ¥4, PLZJE-—/K-H R (70:30:0.05) A
AH, WE BA-—WENMEEE KT (84 -dimethy-
lacrylalkannin) f3 &, PLUV-VisiEill g &AL 28
st B0, R R ST AT 2 UL — 2 1
SENTE, W Zhang PR H] HPLC J7ik, BLZJR-
0.1% MR (75 : 25) AN AH L 1 58 7L L H H
ANMESG A (LR R R L) b O
R A I E T, RBP4 R b 2
R M B AL, A A KA HPLC
EIE 8 A FIRIFEL 2 CHras s v, JHE

R p pA-—HIEN AR LR (B4-di-
methylacrylshikonin) [ &, 258K H, AFRIER
LM R B 2 TR BAtha > & X m— &
B AT RIS, i Zhu 2O Z -7k (80 :
20) R G AS A 7 Hh 5 B o LS K BL K (deoxy-
shikonin) Z&EHAT T, 45 R 7iAMRIE ., #ih, &
PAVELT o X SEAHE R F BN AE JR G 38 BT B, T
I & 20 3R T O BE—-0.1% e F1 2 5 — /K — H R
Z4t, I ReA 85 B 2RI il E e L A TR o
BT 25 4l 1 BB~ — W B TR G L BT = 7= 76 AN ) ok
BEERRNEES EZAS, ERHIEHR T ER
P 5900 R, SR B B B R AN REI AL
X 24 14 AR T B S R RN VE A I SR, B 2 A AT
TE B V2 ) A R v R T S5 5K B 2GR T A A 1
IRIBR

H 658 B 2 2 b v 22 B 25 I 2 i 4 () B 0
CAENDIIE (R 1). KZEW TR AL T LI
ERATRIZ A B, filtn, Zan &R
ZJE—0.05% M & (70 : 30) NimahAHEE L 1 HraE 5
FLRRAE BT, S R e R R R R A (B
S AE, N AG. S LE. JHE® OP
FIKAHEEE OHL) FAERETER (MIBTR7) &
6 FhZEBRSR 0 & &, it e vk mair, A%
JRAM PR ZEERE R H LSRR RELER, W
PL 6 s v A 25 I 1 7 s B 4 o 3.3~92.5
mg-g ' (AE, 19 #lt¥X). 25.0~60.4 mg-g* (AG, 21t
). 84~99mg-g’(LE, 2#tk). 41mgg* (OP, 1
) 6.9~31.6 mg-g L (OHL, 3 LK), %fEH0
ISR FHAH [5] B9 20 A 58 48 %60 36T i 5 B AN [ 50 Ao v ]
KT, p-RERBE R R (B-hydroxyisovaleryl-
shikonin) . ZBEE F 5 | f- L LA e R BT R 7 (8-
acetoxy-isovaleryalkannin) . EHEHE R, 7T HEE
T BB FE I A T B T A R G R R R
(isovaleryshikonin) & 8 FhftdeZE MR HEAT T 73
BrAn S S e, 45 5% B T 585 B A R 3
SRR, M BRI AR B L AR 2Rk
MR AT 5 A0 F 38 o 2R BN AH 2R G id 4 N T B
FEALEE 10 A7 Hh A B2 0 L (A, decumbens) R Z
MR R, REHEER, RTHMEERERM o-FET
Wi B % (a-methyl-n-butyrylshikonin) )& &, %
WM BB W BT M I B R T e i B R
HPOBEEEM o-FRETHE R AT ER S A
4 MR EA R =M B E R, HERAE

~

4~20 mg-g t 2 81, Aga %8¢ B HPLC-DAD 75
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Table 1 The analytical methods for multi-components determination of naphthoguinones in crude materials of Zicao. *AB: Arnebia

benthamii (Wall. ex G. Don) Johnston; ADC: Arnebia decumbens (Vent.) Coss. et Kral.; ADL: Arnebia densiflora (Nordm.) Ledeb.; AE:
Arnebia euchroma (Royle) Johnston; AG: Arnebia guttata Bunge; LE: Lithospermum erythrorhizon Sieb. et Zucc.; OC: Onosma confertum
W. W. Smith; OE: Onosma exsertum Hemsl.; OH: Onosma hookerii C. B. Clarke; OHL: Onosma hookerii Clarke var. longiflorum Duthie;

OP: Onosma paniculatum Bur. et Franch.; OW: Onosma waltonii Duthie.
parking material C18 is used.

“See Figure 1 for structures

®n the citations with no column information, the reverse

Plant origin® Chromatographic conditions” Analytes® Reference
HPLC
AE Mobile phase: Acetonitrile-0.05% formic acid agueous solution (75 : 25) Acetylshikonin [61]
Detection wavelength: 275 nm Isobutyrylshikonin
p-Acetoxy-isovaleryalkannin
B.,B'-Dimethylacrylalkannin
a-Methyl-n-butyrylshikonin
AE Mobile phase: Acetonitrile-water (85 : 15) Shikonin [62]
Detection wavelength: 516 nm Deoxyshikonin
Isobutyrylshikonin
B,5'-Dimethylacrylshikonin
Isovaleryshikonin
a-Methyl-n-butyrylshikonin
AE Mobile phase: Acetonitrile-water (gradient) shikonin [63]
Column: Zorbax Eclipse XDB-C8 B,5'-Dimethylacrylshikonin
Detection wavelength: 516 nm
AE Mobile phase: Acetonitrile-0.03% formic acid aqueous solution (gradient) Shikonin [64]
Detection wavelength: 516 nm/254 nm Acetylshikonin
Deoxyshikonin
Isobutyrylshikonin
B,5'-Dimethylacrylshikonin
Isovaleryshikonin
AE,AG LE, Mobile phase: Acetonitrile-0.05% formic acid agueous solution (70 : 30) Alkannin [65]
OP, OHL Detection wavelength: 275 nm Acetylshikonin
p-Acetoxy-isovaleryalkannin
Isobutyrylshikonin
a-Methyl-n-butyrylshikonin
B,5'-Dimethylacrylalkannin
AE Mobile phase: Acetonitrile-0.05% formic acid agueous solution (70 : 30) Alkannin [66]
Detection wavelength: 275 nm -Hydroxyisovalerylshikonin
Acetylshikonin
p-Acetoxy-isovaleryalkannin
Deoxyshikonin
Isobutyrylshikonin
B,5'-Dimethylacrylalkannin
Isovaleryshikonin
ADC Mobile phase: Acetonitrile-0.05% formic acid agueous solution (70 : 30) Acetylshikonin [67]
Detection wavelength: 275 nm Deoxyshikonin
Isobutyrylshikonin
a-Methyl-n-butyrylshikonin
OH, OHL Mobile phase: Acetonitrile-water (gradient) Shikonin [68]
Detection wavelength: 516 nm Acetylshikonin
B,5'-Dimethylacrylshikonin
AE Mobile phase: Acetonitrile-0.1% formic acid agueous solution (80 : 20) Shikonin [70]
Detection wavelength: 516 nm Acetylshikonin
B,5'-Dimethylacrylshikonin
LE Mobile phase: Acetonitrile (containing 0.5% acetic acid and 0.3% triethylamine)- Shikonin [71]
water (containing 0.5% acetic acid and 0.3% triethylamine), under gradient elution  Isobutyrylshikonin
Detection wavelength: 516 nm B,5'-Dimethylacrylshikonin
ADL Mobile phase: methanol-water-formic acid: (95 : 5: 0.1) B,B'-Dimethylacrylalkannin [72)
Detection wavelength: 520 nm Teracrylalkannin
Isovaleryalkannin
a-Methyl-n-butyrylalkannin
AE, AG, LE, Mobile phase: Methanol (containing 5% tetrahydrofuran)-water (containing 0.2% Shikonin [73]
OP, OE, OC, formic acid), under gradient elution Acetylshikonin
OH, OW, OHL  Column: Agilent C8 Deoxyshikonin

Detection wavelength: 520 nm

Isobutyrylshikonin
p-Acetoxy-isovaleryshikonin
B,5'-Dimethylacrylshikonin
a-Methyl-n-butyrylshikonin
Isovaleryshikonin
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Continued
Plant origin® Chromatographic conditions® Analytes® Reference
AE,AG LE Mobile phase: Acetonitrile-0.1% formic acid-10 mmol -L~" ammonium formate Shikonin [75]
aqueous solution, under gradient elution Acetylshikonin
MS conditions: ESI, negative mode, MRM scan, curtain gas, 30 psi; ion spray Isovaleryshikonin
voltage, —4.5 kV; ion source temperature, 500 °C; nebulizer gas (GS1), 50 psi; Propionylshikonin
heater gas (GS2), 50 psi Isobutyrylshikonin
1-Methoxyacetylshikonin
B-Hydroxyisovalerylshikonin
B-Acetoxy-isovaleryshikonin
B.p'-Dimethylacrylshikonin
AE Mobile phase: Acetonitrile-30 mmol -L ™ phosphate aqueous solution (pH 5.0), Shikonin [77]
under gradient elution Acetylshikonin
Detection potential: +1.0 V (vs Ag/AgCl) Deoxyshikonin
Isobutyrylshikonin
B.,p'-Dimethylacrylshikonin
NP-HPTLC
AB Developing solvents: hexane: ethyl acetate: methanol (40 : 7.5 : 2.5) Shikonin [78]

Scan wavelength: 520 nm

B.B'-Dimethylacrylshikonin

2%, LA G —/K i s AR A BE B, Rl 5E T e 5%
B (4H4EHE 2 Onosma hookerii C. B. Clarke FIl K 7%
JE4£ ¥ O. hookerii Clarke var. longiflorum Duthie)
BER OMEERE - HENGE R E RS
B, 454 HPLC FaSUEIRERT 7t i o gt Hh X AN [F) SR I8
() 7 S80S R 20 10 T AT YD LRIV, 4R
BRI R M RIEIR A FREZE SRR, 3 F
A I S 2908 0.08~5.0 mg-g . I R G id gl v
T ST A R B SR R A M A M FR s,
Jiang 2O 7, 5 — /K9 77 2 Gikh FE R B Xt 27 ki
AN [ 777 1 PR 200 A6 L 58 B 5 LA P 24 R S S ST T 4
2P, g SRR R ) R 4V K e A R 24
e S EE AT AT 12 4N, AL N 0.92~0.99. ik
WieA7 Sun LR 2. 15-0.1%H R (80 : 20) 25
Delbi RGN R i B R R R SR AN BB
B R I K R R R A AT T

A — Le B T 25 g R AR R Gk 4T T et
PASEHLE £ 25 MRS 10 B8 . i, Han 2572
S AH HPLC 2, LAIA & 0.5%UKBETR M 0.3% — Z.J% (1)
CEHS ARSI BNAE, B b, @ESr T A
MEREE R R R B TSR B - A
IHWE R R W %, RN TIKES R A = &
R mEIN R A TRRSNE, e T EE.
Bozan 2517284 b 3 A T 4+ B H 22 g 3B A 0 2 B 1 24
MY A. densiflora H 4 B+ 5 2 o BE4T 24T,
MEEAN 30.8 mg-g 'l %5 B 2 S 1E
RNFEHH (R 1), SR, o-FF3E T BB R 7 R0 S5 D Ik
B Rt TES, WO HRHARGEENT
EREATIGE « LA BT R LI TR R IR ) 2 2 50
RN E, EAARREN FTA H R A S, W a

R IER R 7 (R ) MR IR R 7 (B
) MU S E AT TR, W0 Hu 20 3
Fl C8%E, LAREE (7 5% U PkiR) Ak (& 0.2% H
FR) 4R S ARER Bk e, X O R RIS [ JR A4
HER B R A 8 N RIS L AT S B AL, & AT
i - HETBERERMN TR E TR TS (5
BREIE 1.51). A FT AL A X AR B e S
AT TR, BEAL T DYERR - /K- H R iR 3l
RGN Hoh 2 P 2R R B SR T 58 4 4 B IR e
B (EARE). S0, Li ZUUR DY S k-
HE-IK (5 0.17% FER) — JuiR4 1 745 B e i A
Z (43:8:49) MULShAH, XF 10 HLH7 K E R
ZETE TR SR BE AT T OSE R, W T HARUE MK T
0.990.

I, —SERF AR T AN [T A BRI g v
BEAT SEPEE B0 . Bt Liao 2507 705 B & &k
TRRE Bl — i 7 R FELE 55 KAT I IR TRV AL T R
TR Wy v v B T R AR, T L R R Bk
K % [ S WSl (MRM) BeA, R 5E 7 48 8
(45 14 HUFrEEER . 6 LIS R 2 Hlbpy 524K )
H QAN ZEIR A 4 MR EIRI A&, &R ERA
IFi) o JER e SRR A i 58 R R IS R R R 2K R
BERE K. Tao SR A R0H (3t — i fh 23k
(HPLC-ECD) WllE 7 #F R LR R, £
HEER, BRTBERER, pA-HENBIRE SR
M5B, 45 B EIRIZIEHER S R ANEM Y, R
BRIz T8RN

BT HPLC V10— I 2 VFETE 5K B i 2 P e
TR RN . Zhao S PULLEEY . S0 BB-—F
BERIGBERT R T NN S, BT OB E R, O
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TS S R B 7 S T RS R RR - AR TR
BHERMANRIER -, e &R, 4R 5 M
MR LE R AR5, ST T R E R SR ZE B 2R R
(M — W23 R, B0 & DA [ SR8 ) 9 5 48
ERETEERRK, Hh o FETEHEERE A%
BRI 2 B B AEAHOG, WITE—ERR I bR Mgt %k
BRI & .

Bk 7 HPLC J5i%, A5 1 70 N F 2 00 46
B R BRI R AT E BT . i, Katoch 2517
JEAL T IEAH RO Z E L (NP-HPTLC), BLIEC
i— MR FE—HEE (40:75:25) NEIT R4, N
SE T PN T K = 2 AR A benthamii 4R (1)
HI SR B SR B R BB — VL T M I 45 B 251
SB. B, BH R BAE BIKEAR . NG
T T4 6 1 vk Xt 58 R 8 25 1) 48 SC I HE AT 1 B
o8 gh e . AR, WONSKERIRAM I % AR
s,

M BA T SR ) L, S [RR R R M
)25 B2 oy PR 2R L LBl — e = 5, [l —
5 T (10 55 0 28 IR 2 A 4 B TE S [R] SCHR P AR
ANE (F 1), ik sk 5 A JE R BT R R A 0 X 5
EFTRE S 258 Pt AEKIREE . RO SREERAL.
TN T e e 2 A S 22 B (R A <1008, |y T 24
e J ) 5 o BT AR B YRR W = A — sy
BT, BRI SR DU )1 S 5] R
2[99 83 g X T B A RE SR B L R 1 B B
(A. tschimganicum B. Fedtsch.) 11H K /K 2% (A
thomsonii C. B. Clarke)!®, 7 g [X =] FH (i) ek 4% 218
PG BT L B E VT BN E B AR
g i P12 T RE R N S M I SR IR Y, A O
B SRR T LT B R 5 AN 38 BN S K
(AE). ASHIE 70 40 IBHF 7t th B0 T 465 1 4 0 24 4 15
5T B T (0 24 6 F 2RI 2 o0 I Bl 2R e & AR IR
KZES, —SRR R R MR A 7 HfbhFh 22
MECHTR D5 . (R RS, — LR O 5 % T
(258 S ZEEN E 7 iEAn Tt — & &, A
(& T2 AR AR ER (AR T 0.80%), {H
HPLC 73 B 3 AR R IAT AT 25 B S B 77, o DO 2
ZEIR B 5 HEAT SR B AM I VPN AT RE AN A, B
ZSHORA, FW, BT RS R R R R e R
(2 B ALK, LA E IR R B (Bl = 242)
HHAEESEWRTUSERSEW - F 5
PG48 R o s A R, IR ILE iR A
A R AR AN 48 REAE i p L 2R IR 1 S B B, A R A

5 SCHRAR A% S e B G B B B R 4K K
A EAT R A ) 5 VT A B 9T A0 06 B M RN
1M 2 45 & il e — W 2 PFReAE — 2 2 FE b [RI I
T R X 24 4 5 R o AR M AORE P BSR4,
SR AT — O — AN F R (C-11, B 1),
RUEF] 43 R-IBYF SR FEF K (shikonins) F1 S 2 [y i
FF (alkanning)®, Wk L X 4y, K B R KU
MR o R B R, MK R HE
SRR SR B 2R IE R BN R BRI, M AR F
PGS AT 20 T80 87 RSB HY, 4 22 W 9 S F 1 %ot
BRI LA ), R ATRSRIFIREATE (BEH
CERER” WA “BIRT7), SEh L2 ARFERTIE
SRR IR, DR, R RSB R 2 T B R
HEFR R RO VPAN 8 75 MR L 0 “ IEATE IR TFah .
3 S#HEERE

R EORIE TR R R R A
R . ZRERI S R P R EE MR
Y sy, HABISTELFE, OIEHA. PR L
FARE 1 A 2, RN T s R AS T 200 1
2T SRR SRR PR AR DB SR E
W7o T &Rl ), HAE LIRS Tz ok
R TL. H— 71, RRERAEATER . ki &
P2 25 AT R R R B IR, T M AN R, T
R 24 LA ol B B ORI P 5 K R AR R VR
CEERZ, EAMMIEERAT, R S®isi
W2 SRIETR S, LR [ R R 25 44 2 A B A
EHBNEIR, FERFHARFT. MRS E 3,
SR ) T DR AN IS B AT B 2 SRR T — A 25
BRI A S 5 2 ) A i e o T S B T 25 TR
FRR A AN SR B A AF AR = R, AT LLE N
— R R bR R 2y, T L 5 I Th A UM 9% 1 A
BV AR, B SRR 24 bR v R A
B — (R 2R R RS —, 8- P I A I B g B 2
BEAE N2 M & B e Fa b, O TCTE & X K 24
{10 25 s I s 1) R AE B DA RS2SR o SR 2 P 2R B 2R
J 4 ot AN [ SR YR 1 5% o 3 AT VP A I S AR
A DA SE G by 7 SR R A o) 8 2 b R L I R
i PR B A TR Bl TT B AR AR BRI DR IE I R
FH B 22 A 00 SR I B A SR R B 2R R 2 4 4
W5E e aCEE LU — I 2 VF I SR T 2, (25
BT E AR AR, A 0 TR SRR . 287 R B v
AR, W R R R ILAT A 2B . 1R A B
PAR R ZG PESE 1 T fRE R R NS, X e 44T £ T
L.
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