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Synthesis of shikonin deoxyglycoside and evaluation of its antitumor cell proliferation activity
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Abstract: Objective To improve the cytotoxicity and antitumor activity of shikonin by modifying it with
deoxyglucosamine. Methods The target compound Z-1-2 was synthesized using 1,3,4,6-tetraacetyl-2-amino-
2-deoxyglucose hydrochloride, succinic anhydride, and shikonin as raw materials. Different concentrations of
7Z-1-2 were used to interfere with breast cancer cell lines in vitro. The MTT method was used to screen the in-
hibitory effect of the target product on MCF-7, MDA-MB-231, 4T1 and HUVEC cells. The scratch assay was
used to assess the effect of target product treatment on cell migration ability, and flow cytometry was used to
detect the effects on cell apoptosis.  Results The yield of the target compound Z-1-2 was 27%. Z-1-2 had an
antiproliferative effect on all the selected cell lines, and it showed the best antiproliferative activity against
MDA-MB-231. The migration ability of MDA-MB-231 cells decreased, and the cell apoptosis rate increased sig-
nificantly, with statistically significant differences ( P <Z0.01, P <C0.001). Conclusion The 2-deoxy-2-amin-
oglycoside shikonin derivative (Z-1-2) designed and synthesized in this study has a significant inhibitory effect
on triple-negative breast cancer in breast cancer cell lines, which is of great significance for further research.
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FL IR (breast cancer, BC) 2RI MR IFR &K
% R B8 T R 32 B R Y, 5 g E A G BE TS Y
15.5% . RAFFLIM A 2 Fa T ik ARR YT R W
VIR S R B LR R AR . WFSE R B ML %
S PR IR 90 Y0 PR AE TS SR Y = Bk LR
J&i (triple negative breast cancer, TNBC) J& ¥ I# & 19
— R R, KR R MR 2 K (ERD AR 2R
(PR MR B AR IN T2 K 2(HER2 8 EGFR) #7 ik
&Ko T TNBC HARZRME, AL BT A FL IR I 2
MR b, B AR AR B R, B T IR T R
F TNBC & T8 % MR T 77 Az i 250 , 5 20h ¥7 dE
BEREBUG AR, B RUY, 5 EZ R H L
JiJEE A LG TNBC 7R AR5 AL JIE 2o o v 3 o0 5, HOR
Ja 35 AF R R RS T REGR . AE5r TR F L TN-
BC W& B Rt 80T A F BRI R . T Az Ak
BAVE . e A7 T R GEIR T Y B A s R T, 20 300
M RETE S AR IBE T B B TR AR IR T HE
FEEEPEAIE 1Y 25 WG J7 X T 2 TNBC B 1 950k
SRS B OCE B,

451K (Shikonin, SK) J& —Fh i 3 1% ¢ h 24 58
FRFR Y 2 B A TG M 2R R Ak A . Al A 5
T 5 S5O0 L S0 B 0 ) A A% S 22 R Oy =X R B
SRR MBUEAE N, AR, RN E A 2
ST ARG P 55 Jmy R 38815 00 T R AL 18
Mok L VS . H A, 55 R 1S e a W
F2 TG O PR N e SE AT AR T | SR R R MY AT R
Pyt R R Wk R AT A G e A AR xR L M
i g S R B 2 I RIVE T . A G W R Al 4
e VS A RN ARR T M I A 80T k. 2- I -2 A i
HIFRER — R R B Yt T H S50 55 S AR
BAL 3 7 E R AR RT . HAR oL & ¥ B 2 Fh 2k Bl
Wk WFIT R, 2- 5 4R 2- 2 ik 4 4 0 vT 3l s 3
200 J 080 2 ke 400 ) 02 PR 0 D 1 G L B A A0 i AR
HAE W25 45 A R B R bUs TG T . B Ah 2 A
2 JI5d 4] 2 W T 2 S D 2 W 3 ik Ry N TR R ) 4 A T
Wl iR TR AR

BRERZ-MEAEAPRESENESEAEY. 2-
T8 L2 IOt AU H 2 B O R B B A IR AR . A BIE S
DL R A0 S50 T O BE B G R AR ST 2-
A -2 I SR A W R A, AT R A B A T SR T R
P S B R A M AT A= . RIS Xz Ak & W
F0) A6 Bt S e A EAT AR AP AIE S
1 #REFEE
L1 alsaret sl ds R (1,3,4,6-00 2 E-2-
GIE-2-Wi A A PSR TR (B FIR T . A O Rk —
W (DCC) 4-— HVZ LMk e (DMAP) 1 = 2 i, B
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SRR A LR AEE ARG RA R T
CisHis O5. 43 T 50 288, 299, 4 J¥ . HPLC=>98%,
CAS 52y 517-89-5) 4b, H Ay 50 #41 7 5215 = 25 Bt
HABRA A ME FEARA ], SR A IR R R P
& . AR R (200-300 D) #E4T, VL2 R 2T .
TG e A A I R Gl A 30~60 CH MR, )2
3% CTLO) 76 3% 35 % ik IS MR (GF254) kAT, IfF 76 %€
FRIEK 254 nm) T AT, PP A A& W ¥ T
A (DMSO) il 46 5% 10 mM B4l 4 W . 8 05 P70 85
I H T 2 i T ViR B AR A
L1.1 Z1-2 At ® 4% 1.3,4,6-00 4 E-2-5
He-2- i 4 AR ER BR ER (1 moD) FIBEFIRRIEF (1 mol) &
F 50 mL AR H % F DMSO FJG /K 73R H S $i
FEE WG A GE &1 = AR R . RV AR R
TEZ R T HEHE 16 h, I 38 i 32 @ 3% (CTLCO) Wil 5z h
PR, SOV 8 BT L e ak RN 4 A A5 3 4 Y b e
W Z-1-1, oAk K, 7%k 25%.'H NMR
(300 MHz, Chloroform-d) & 6. 48 (d,] = 9.7 Hz,
1H),5.80 (d,] = 8.8 Hz,1H),5.33 (dd,] = 10.7,
9.3 Hz,1H),5. 10 (t,] = 9.7 Hz,1H),4. 45-4. 23
(m,2H),4.16 (dd,] = 12.5,2.3 Hz,1H),3. 95 (m,
] =10.0,4.7,2.3 Hz, 1H),2.76 - 2. 65 (m,1H),
2.47-2.37(m,1H),2. 13(s,3H),2. 11(s,3H), 2. 06
(s, 5H).® C NMR (101 MHz, Chloroform-d) &
175.91(s),172.13(s),171. 58(s),170. 70(s) ,169. 85
(5),169.44(s),92.53(s),72. 62(s),72.55(s),68. 41
(s),61.80(s),52.76(s),31.05(s),29.33(s),20. 87
(8),20.68(s),20.57(s), HRESIMS[M-+Na |+ m/z
470.1269 (Caled for C;s Hy,s NO,, 447.3930)
BALEY Z-1-100. 2 mmoDTEE R T T LK =
A P20 mIo ., RS A 0.4 mmol 1) "3 C
ik — . 2 (DCC) F 0. 05 mmol B 4-— B 4 K& n g
(DMAP) , #ii$ 0.5 h, #4,A 0. 2 mmol Y 4 5
RIFEKIB R 0.5 h, 2R . ZEKIRAGWIKE
BERIFRN 6 h, e 728 kK LB &
E A B Ak = ) (LR LG+ AilfE=1: 1),
MRS HARME AW (R D, Y Rhaakhk, -
FH 27%,'H NMR (300 MHz, Chloroform-d) §
12.81 (s,1H),12.68 (s,1H),7.51 (s,1H),7.43 (s,
2H),6.23 (t,] = 5.9 Hz,1H),5.94 (d.] = 8.6
Hz,1H).5.37 (m.] = 9.4 Hz,3H).4.50 (dt,] =
11.8,6. 4 Hz,2H),4. 35 (dd,] = 12.5,2. 2 Hz,
1H),4.03 (d,] = 7.9 Hz,1H),2. 96 (t,] = 6.4
Hz,2H),2.77 (m,] = 29.6,14. 9,8. 0 Hz, 2H),
2.61 (t,] = 6.4 Hz,2H),2. 34 (s,3H),2. 33 (s,
3H),2.27 (s,3H),2.23 (s,3H),1.93 (s,3H),1.81
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(s:2H) ,”C NMR (75 MHz,Chloroform-d) § 176. 29
(s),171.63(s),171. 28(s),170. 71(s),169. 56(s),
169.25(s) . 167. 88(s),147. 75(s),136. 23(s),133. 13
($),132. 78 (s),131. 63 (s),117. 53(s),92. 45(s),
72.93(s),72.30(s),67.70(s),61.65(s),53.18(s),
32.87(s),28.95(s),25. 78(s),20. 86 (s),20. 74 (s),
20.59(s),17. 96 (s), HRESIMS[M + H]+ m/z
718. 2341(Caled for C34H39NO16 717. 2269) ,

1.2 ZEiusrge S A T ONFL AR A i R
MCE-7, = B ¥ 2L B 8 4 il & MDA-MB-231. /) 3L
BRI AN R AT A B OE F N JBF & ik 9 Bz 4 e HU-
VEC, FrA 40l & ¥k B b F i 20 M 77 T2 8
BEAAGY TERERFR B0, H b, MCF-7 #l
MDA-MB-231 ¥5 276 & A 1020 G4 L7 f 100 F %
/R RN DMEM/ = bR F2 5, i 4T1 40 Mg R
M HUVEC 4 §l 5 W 385 32 75 & A 102 i 4 176 1
1% % % % /4% 2 RPMI1640 5353, Fr A 40
MITE 37 °C &% 5% CO, (IR h e .

1.3 MTT & Bk T X80 K40 i & T 96 fL
Mah A FLEER AN K2 5X10° A, 8 F 24 h, JFik
TS X BRAL CROMER =B A A . % E 25 Yk
FERSRE R 0 uM. 2 pM. 4 uM .6 xM .8 pM .10 pM, 12
uMLA 2R R % 24 hoilA 5 mg/mL MTT % fL 10
pL. WH 4h 5. #E LW, B A 100 L DMSO,
H 96 FLARE T 37 CWET 30 min, i FHEFFRLAE 490
nm Ak XF 20 i AT A I

1.4 XRESZH % MDA-MB-231 48804 5 10° 4>
Y/ FLAERD T 6 FLAR D IR R 2 A A F
90 % LA L Bsf o FHAHCEE 2 v ) 482 B0 J2% A RO IR . 4R
J&i o 1 PBS YRECAI M 3 W, DL 2 96 I i 35 55 S6 0 R Z-1-
2, IE PR RAEE 0 pM 2 pM 4 pM (8 uM, %45
R FRANM 24 h, RO B OBE 5% A T A A
#L.JFF 0 ho24 h R . K5 Image] KR
GIAT R A B S A T DX I aE AT 4 A, £ GraPhpad
Prism 8. 0 F{F 47 84l et 43 .

OAc
o
AcO +
AcO OAc

HCI

o AcO
@ NH
a
o] —_— %
NH,
(o]

1.5 JETS% o MDA-MB-231 4L 5X10° 4~/
FLAERN T 6 FLAR 15 95 1 0, 9K 5 1 45 25 W B B
H0 pM.2 uM. 4 uM .6 pM.8 uM .10 M, %5 25 )5 K5
FRANML 24 b FEAT ) S AR PR G DAL S AN [ 45 24
8 0T 20 MO T AR LR S e . A ZH ISR 4 . B PBS
Ve 2 WL ARIGESS & % vp i A Annexin V-FITC
(5 pL) A PL (5 pl) Yefh 15~20 min, & kG, &
Ji oK H CytoFLEX i X 40 A AX (DL 5 &, rh B A3 il
VT4 . R Flowjo 7. 6 B #E47 448 2047 .

1.6 itk SRR L (o 9 2R L ]
¢ RS AT AL 25 S M A A R Al D L AL B 4
SPSS 27. 0 {4 #1 GraphPad Prism 8. 0 #4317, LA
P <<0.05 AZESAGIEE L.

2 #R

2.1 AkzEa R WE L FTRCRAMW S ARG R T
JI5E A bk MR W P A A M SR R AT AR . A A S
ST RCR T TR 4 TR S R o, DL = B R A R
FR o {8 FH % IR I T £ Tk R O 4P 1Y) 2 -2 A A
W e 6 12 R IE AT Ik Ak B N T S B . B S R AR
DCC/DMAP WM T 52 R K E RN . Hin™Y
T A T A V2 6 R A WAH 3 AT O B R 2l Ak
JEiat' H NMR, ¥ C NMR #l HRMS #47 £ 1E,

2.2 Z-1-2 R A M IS AE  AnER 1 BTOR . b 4 g
AT TC AR P A s v . WA & 9 e 3
WO A A B 18 5 06 . AR B R AT B4R
B (IC,, = 3. 124+0. 14 pM), H K /&2 MDA-MB-231
(IC5,=4.0540. 17 pMD , XF MCF-7 40 il /5 F 45 55
(IC5,=17.90+0.76 pM), H,iZ L& P* MDA-
MB-231 #y4 il /F FH AR T %8 5 % (SK., 1C;, = 5. 01 £
0.23 pMD, AL 22 A Gt B L (P <
0.001), WLIE 2. 5 SK A, Z-1-2 X 5 A ik N
KA R HUVEC # 1C;, {H (IC;, =3. 00£0. 23 pM)
5 SKCy, =2. 78 4+0. 23 pM) L2, £ 7 LG 1T
BEXCP>0.05),

o
AcO
OAc

HO

7-1-1
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OAc

0
OoH o OoH Acom
AcO OAc
O ‘ X o)

o i OH 0 o
X
(b)
OH 0
7-1-2

Fia, Z LK. ETH(DMSO) f2 LK H B, £ b, Z 3 & &8 = T (DCC) .4- = B & &k e (DMAP) . — 4 ¥}t . k6,

H1 Aubth Z-1-2 th & B B &

1 Z-1-2F SK 3t 3 F AEMMEE (4T1 . MDA-MB-231 MCF-7)#1 1 # A ES 82k M E 4 (HUVEC) B 1Cs,
L] 4T1 MDA-MB-231 MCF-7 HUVEC
7-1-2 3.124+0. 14 4.05+0.17 7.9040.76 3.0040. 23
SK 2.54+0. 21 5.014+0. 23 5.0140.13 2.7840.23

10 = SK 2.3 Z-1-2 W MDA-MB-231 40}t/ anid 3 iF

ICSO/p.mol-L'l

71N o Bt 25 TS TR %) 9 A% %ok B 24 40 iR 3% ¥ o % 2 A 9 0 G
i Zs 6], 24 h 540 MEE R A R A A, I Z-1-2
AR A0 DR A A B R g, B R AR, S
EFXBMARK WIEAGREERARITEEXLCP
<C0.01 =3 P <<0.001),

2.4 7-1-2 %5 MDA-MB-231 408 1= ¥ MDA-

M2 Z-1-2 § SK 4 3 F A& % % (4T1.

MB-231 4 il HIAS [R50 & 7Y Z-1-2(0 pM. 2 pM 4 p M,
8 M) FALBE 24 b, SR )5 FIAHE UA T b 25 W A4 O X A i

Ao M A B AR AR A A4k TR 4 B 7R L Z-1-2 Ab PRZH

F18 4880 T A0 M T L S ) e RS R 4, I R R R

4T1 MDA-MB-231 MCF-7 HUVEC

F.Z-1-2 5 SK thix, """ P <0.001,
NS: P >0. 05,4 %4 n =6,

= b33 % 2 ) g
MDA-MB-231,MCF-7) % 1 # A IE % i # ik R T RERAGITEE X P <0, 01 8 P <
W g L (CHUVEC) 4 3 78 5 1 Hy th % 4 R 0.001),
A Control Z-1-2(4 pM) Z-1-2(8 M) B .-.40-
£ 30-
Oh g
= e
T 20
Q
£
E dedede
5 10+
24h S

234 —

FANERHGEXNE RN mE TS, GO S GER S LM 24 h @ fEHe R &M EE;
BAGORGREN KT 24, §E%EMHControD %, " " P <C0.01," " " P <0.001, 54 n =3,
A3 Z-1-2 5t MDA-MB-231 41 i if % 1 % v
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-1-2(2 pM -1-2(4 pV
A o Control : Z-1-2(2 uM) . ~ Z-1-2(4 pM)
, 2 o 40—
5 9 3 dekese
P i i -
i T X 30+
1 ; 1 e “;;
‘1 = . =
S by : 20 *kk
LA - TCA : ek
Z-1-2(6 uM) £
-1-2(6 ) 2
1 5 2 10 ok sl
= (=9
i ]_[]_.
= |1 o t \‘a\wb-'o%\a
= QQ
C Z-1-2(uM)
Annexin V

ELABRREBARI Z-1-2 A T W BB h R R AR Z-1-2 x4
AT Kt 2. §E® M EA(ControD b, " P<C0.01," " " P <C0.001,% 4 n =3,
A4 Z-1-2 % % MDA-MB-231 % fi 8 1=

3 itig

SRR AL Gt v B 24 58 I L ), W] GE i
) R T M S R EE O R R PISKY/
Akt/mTOR i #) F 0 T A58 5 2 For Xk
FEBUMRE AR . (5 X I 5 408 1) 25 M ROk I PE R =
G AR T R R BN . A RGE R, R R
J&— P AE I BT IR 5B Ak & B F PKM2 (9 5 5
OV R0 B 6% 3 Aok 9 MR R A A A K F o e e ) 3 T
D] b A BF 5 35 36 P 3 ok ) 492 2 55 0 I ik 3 A2 v 7 2
3 fifk R TR T R Ao R A 2% - 2- N AR 7 W X 5 B R
H DLAG A e O 4 0 56 0 A7 45 b i, 45 SR A 3 — A
2-J A 2- A A B R R R AT A (Z-1-2) IR R A
MTT 3 % FEE AT 00 25 H Iob 98 30 v 0 328 . 45 R WoR . Z-
12 /EH T 3 2530 9% 4 2 &% (MCF-7, MDA-MB-
231 4TD J&  IC {543 54 7. 90 pM. 4. 05 pM.3. 12
MR B2 AE T MDA-MB-231 41 fifd 2 I & 30 H it
Jifryeg VB FH s o5 T 455 B R R B (SK, 1C;, = 5. 01£0. 23
pMD . ZJE ST T RIR S5, T B A R 2 )
JE B 380 £ P S0 B R W R R L DR S R A
A . TT UL Z-1-2 & 3552 T MDA-MB-231 [ iE %% 6
Jro MAEPTZSL R L R A U TR B R R Y
g BT, DA RS BRI, Y 22 - 2- i A A A
PR SR R AT Y Z-1-2 fe i TNBC MDA-MB-231
20 6 7 4 4 L 3 RS RO O A0 O T O T L A VS A Y
MME.

BT TNBC W= &1, & 258 ki Ir i &,
i TNBC A48 4 5 5 M 3IE B RS o B2 97 36 97 7 vk vl LU
S — HARN . % TNBC %) 5 4 F2 100 B 55 2 01,
5 At 2L % 9 I TR A B 320 R AR T ORE I AL 1)
T A e T A e AR (R T ATP AP A B IF PR AR T
JE 5 00 B I A TP TR PR A LA R o R A A R

SRETIT R, ] TNBC H B B i 2 — b A R
MRIT RN . ARFR RV LR RS 2-5 H-2- B A A
HEES T S 0 bR B AR E R JE H R R R B AR R
P S0 A B A 3 A2 v PKML2 B4 FH TR I AS BF 5 0
WIFE ZF WEMRAVE T Z-1-2 ] BE 18 12 52 mi bl 185 ik it
11 26 B 1 B 94 A LA AL RO A0 O T PR L K
R Ja BERE ST i — 2B RO

TEAWE TS G BT IESE 1 2~ 480 2- % Bk ) 25 A
L XA EY 2-1-2 X%F TNBC BA 3 1y Hu o
TE R T 20 08 T A L SR L A TR 5 1 SR PR LA
B RAGAR S (W 58 5 1)« — & A WF 58 A0 A5 ik 5%
T Z-1-2 %F TNBC 40l 5 /9 40 g 36 1 & 6 AL )
PEATHE— 2L R GE . R AT I AR T A A 52 56 U 51
Z-1-2 X MDA-MB-231 4l Jfd % 5 (4 52 1, 1fij G 75 1
Z-1-2 fER N it 7 A )5 2 S AR IH B A 7 i Ht TN-
BC %00 » 75 2 38 2ok A P9 52 35 m DLSIE

S 0K
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