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(Adpa=bis(2-pyridylmethyl)amino-2-propionic acid))4J FuAY @1 F, #F 4R & LI IB 9 ALk, MTT
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71, HAR B EE 57 AU, &b R HAT — e e
)P, SRR D RE, P iR 4n i RE AR, M
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B 10%/IN 2 I35 B G 2F 1035 (N DU 25 5 A=) T 8%
£ R 2 5] FIRPMI1640/MEM/DMEM(Gibeo) 5% 75 ik
1E37 °C 5% COL S MR FE (B 2R R %
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(A)

A LSS B RS .
A: chemical constitution; B: crystal structures.

(B)

E1 [(Adpa)Mn(j1,-O),Mn(Adpa)]|* By &5
Fig.1 The structure of [(Adpa)Mn(p,-O),Mn(Adpa)]"""!

1.3 EZENHFERIAT

HealForce CO,¥% #5; TS100 Nikonfs| & 1 = &
T %% ; Spectra Max 190 #5 1X; Spectra MaxGemini
G FR A Nikon eclipse Ti-Eif 41 fitd 5% 5t LA i
Hoechst 333427%5¢ )t Je BL(R i 35 5 KA HOAR A R
~wl); AWEZOLHEIMDC(Sigmaz w]); JC-196 4k
#}(Molecular Probes”y #]); DCFH-DAZ Yt £ 41 1
BB REMTAA R 7); Fluo-3-AM(Sigma A ) .
1.4 MTT;EHNZRARTE

HO AR KA, W4k TH28, L 4x10Y/mLY)
% RERER T 96 L5 FR M, £F4L100 pL. 55524 h
Jii CAAS[R) R BE Ak A5 1y A B R 40 it . 259045 FH48 h
5, 2= b3, #RFLIIAN100 pL MTT(1 mg/mL), gk4:3;
F#4 h, 3¢ i, BE4LINA100 pL DMSO, 1 hji ] b
AXAE 570 n Kb E O BEAE . FIHIZR (%) = (1-472Y
SO BEARL 0 R IBOL B2 £E) < 100%
1.5 JER TiEuq M R MAtL s ST 4L

B} %04 K WJH,B-GFP labeled HeLaZH Jffl, LA
4x10%/mL 1) 2 FERERD T244L 55 7ot B:41500 pL.
9724 WG 4524, 7ENikon eclipse Ti-EVfi 4l o 7% % T
(IR WE =N
1.6 MDC &M, LC3Fhiss 440 40 it B i

P2 R BRFAE, 40 i P R /NI 1 T A
MDCHE (AT R o 4 M 25 24 b BE 5 W bt 15 7R3,
IS0 mmol/L MDC 37 °Cii¢ &' 15 min, 2R J5PBSHE
PRIK, 757506 WAdse T WisE.

20 i K FH i 5 1422000 J5 bz i G 3R 771 & 30 AT
KIGFP-LC3%4 4%, 4 hfm 525 b, A WikAT Ak
B, 7RO BB M.

JC-1E 40 T 2%l (AR AR BB 4L

SRR HLE T i 5 S JRIC- 13k . TC-1
PR P 2 224 I EL A/ T 100 mVIR 23 DL A A 1 T 2K
TEAE T ERAR B, 72490 nm¥d KOG R & a4
PFECR T IE525 nm); 1M ML T E I, JC-14 2K
AR BN A T BB € 25¢ T CR A 6590 nm); Je
2, YA R BRI, JC-1 4 DL 58 G I A
AAFAE 2o Ab 30 B fe W 5 2, IS mg/mL
JC-1 37 °CH# &30 min, 4R JFPBSUEM X, 7E2¢6 W14
BE T LS ERAL FH ¢ G AR SR I 58 iR E
1.8 DCFH-DA 1R ¥ 46 48 B I ROS 7K F

i il PYROS 7K F-A FHDCFH-DA S G HREH I
2 R0 BN S W b B IR, N TG LT B IR 5
FE(DCFH-DAW I, A 29K 24510 umol/L, 37 °C
i 7530 min, 2R JFPBSYLW IR, 7696 BEE N5
B 2 R AR OURTIN 5 58 B
1.9 Fluo-3-AMZZEIREHENMAEHRCa> 22

i B ]y Ca™ & & Al FFluo-3-AM%¢ 't 8 5 >k
Fr . 259 b B0 i J5 W 45 R 3738, N3 pug/mL
Fluo-3-AM 37 °CH# &30 min, 4R J5PBSYEW X, 1E5¢
JEAEE T SR EAE FH 2 GREAR AR 5 6
1.10 it 7%

KHISASZE T #ft, ANOVA T 223 0T, $di LA
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2.1 Adpa-Mn(I1D)%3 £ B@JE 1% 7Y 52 1

2E oK, Adpa-Mn(IID A5 =5 A0 Hep G241 i «
HeLa4ll ffl. A54941 fiw UL J2 U251 41 g 38 5E(E2), H
ICsof H#SAE 10 pmol/LA: A7 (1) 31 EAHZ WAt T
WLEEE] WL, VEFH48 hiis, 4 M 245 R Az B 5 2%, 4
Mo asds. AR ok (&13). 35 ] Adpa-Mn(I1I)
T g 0 M HL AT S A L 5 A A R VR
Lt 52 Adpa-Mn(1I) % Jif 87 41 Hd (HepG2) A 11 i 41 Jg
(WRL-68) 1 11 F 7T LA & #1L, Adpa-Mn(II1)%} 1F % 4

1207 (A)
100

o)

Inhibition rate(%

80

60

40

201

120, (C)

Inhibition rate(%a)

Drug concentration(pmol/L)

A: U 251; B: HeLa; C: A549; D: HepG2. means+SD, n=5.

IR P 0 S 4 P D S /I X e 40 ) 0 £ 4 (1
4). [A] I, Adpa-Mn(I1T) ] B[] 771) 55 A4 3 4 1) 41 21
U251 41 1 3455 (1815) -

2.2 Adpa-Mn(I11) X3 28 A% 2 725 B =2 M)

1 BI6A T LU Hh, Bl 24 W 4 FH IR (8] (1) 22 £,
GFPhric I HelaZfl A 1) 40 i B T 4 . v B 4%
SRR JH TR (R Sk P ) o 6 BT I TR AR IR
AR BEAT GevE, 29 124 h)n SE R A  E)
20%/: 47 (El6B). 1 B Adpa-Mn(II1) 1] fi§ i 5 41 ity
KA TR, AR TR .

2.3 Adpa-Mn(I1D)iFSMEHITET A
7R LLE H, U25141 s ZMDCHe (4, 25491

1207 (B)
100

Inhibition rate(%a)

120

100

80

60

Inhibition rate(%a)

40

20

1 5 10 20
Drug concentration(pmol/L)

40 60 80 100

E2  Adpa-Mn(IIDD 7 AELH A AT 1E5E
Fig.2 Proliferation inhibition of Adpa-Mn(III) on different cancer cell lines

Fz1  Adpa-Mn(IID{EF48 hill ] 7 [E e 28 A Ak BYICso (B
Table 1 ICs of Adpa-Mn(III) on different tumor cell lines

for 48 h
411 Rk ICso(umol/L)
Cell line
HeLa 15.2
U251 10.2
A549 14.2
HepG2 17.5

FH24 hJ5 4 i 58 65 B B 2o T B, LC3E X
71 B Wi o R GBI R L Al GFP-LC3 i kir
HYLU2S14I I, 452524 hia, w6k AERE, Hdk
55 P55 B 3 I (&18), BEPHLC3 8 1 A 1Y, Adpa-
Mn(IIT) 5 40 M & 2B T
2.4 Adpa-Mn(I11) %+ £ B 2% far 74 B B8 32 /Y 22 1

¥ AS [ 9 BE (19 Adpa-Mn(IIN7E F T-U25141 i,
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Control 10 pmol/L 100 pmol/L

) - - -
) - - -
- - - -
) - - -

E3  Adpa-Mn(IID#NH] = BIE LA RIS TE Y FZ 7S F I ER(100%)
Fig.3 The morphological changes were induced by Adpa-Mn(I1I) in cancer cells for 48 h(100x)

100 4
— B HepG2

80 B WRL-68

60 1 | —

40

20 1 . ,

Inhibition rate(%a)

5 10 20

Drug concentration(pmol/L)

1 FAS[R)9 ¥ Adpa-Mn(I11) &b B Hep G241 /it FTWRL-6841 i, 48 hJ5 MT T A 41 fui& 1« Means+SD, n=5, *P<0.05.
HepG2 cells and WRL-68 cells were treated by different concentration of Adpa-Mn(III) for 48 h. Cell proliferation was determined by MTT assay.
Means+SD, n=5, *P<0.05.

El4 Adpa-Mn(IID*THepG24f A5 WRL-684H Bt 9 1 14 A
Fig.4 Proliferation inhibition of Adpa-Mn(III) on HepG2 cells and WRL-68 cells
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100,
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80 A 36 h
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Drug concentration(pmol/L)

E5 Adpa-Mn(I1D)AT 8] 7 2 KB H 5 U251 4 i 5E
Fig.5 Dose- and time-dependent effect of Adpa-Mn(III) on U251 proliferation

(A)
(B) 25
= 20
o= s
3 .
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=
=
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B
-4 : e
s
-« 5 f{%ﬁ
S
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limz(h)

A: 415 pmol/L Adpa-Mn(TIT)4b B I 763 40 ML T AT 3t F IZE A0 I 2 AN AL O TE A4 38 4k, %224 by B BRI i BEA LI HUS S HLES,
TR MIAZHEAT VB, Rk S L B A0 M B v 4 e
A: cells were exposed to 15 pmol/L of Adpa-Mn(I1I), then observe the morphological changes of the cells and nuclei under the LCS. This process lasted
for over 24 hours. B: apoptotic nuclei were counted from 5 eyesights each time point and the percent was calculated.
E6 EHEZHAT{EihMEAdpa-Mn(IID)5| EGFPiZFRIC B HelaZl A/ T-(200%)
Fig.6 Adpa-Mn(III) induced apoptosis in H,B-labled HeLa cells by using a live cell system(LCS)(200x)
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&7 Adpa-Mn(IIDALIEU25140A6 fFMDC & 1855(200%)
Fig.7 Adpa-Mn(III) treatment enhanced MDC staining in U251 cells(200%)

Adpa-Mn(ITDAL 2 U25140 i f5 GFP-LC3%% Y53 & 1858 (400%)
Fig.8 Adpa-Mn(III) treatment enhanced the fluorescence of GFP-LC3 in A549 cells(400%)

FHIC-1 4l it 5 s B BT W E I e . Wil
AT 7, Adpa-Mn(IID)4L FH (F1U25 140 i 21 56 9 59 «
SEGIEE, 1L HHU25 140 P 2R 1A i A7 PR . Bl
5 Adpa-Mn(1ID) (1) & J&2 386 0, U25 140 Jifg 2 kit 44 15 r,
7 A P R B A B 2 8 n . an 9B T ik, M 5E 4R
YT INLL. GG LA, S0 AL L, B
Adpa-Mn(ITDJJE FIBEIN, 20 G961 )E Hh(E v
B MTTHE— B3, Adpa-Mn(TI)E ot FAAR iR
N H R AR S R 55 40 BB T
2.5 Adpa-Mn(I11) %} £A Bt A ROSBY 2
ROSTE IF 5 1 40 M AR i o AN AT /b, H i 2
FROS 2 ' BUA 107, HETh 804 ) 2ET . i
K FIDCFH-DA 4% {4 £ U251 41 ffd PYROS ) 75
S BT BEILOA T K15 Y6 IR R, IE 5 4 b A7 AE — i B JiE

[R5 5,20, IX I HEHF 40 I IE i DhRe BT b 75 V), T 22
110 pmol/LI¥) Adpa-Mn(IID)AL #f L Ji5, &5 0 % Y6 Jail
FUMGR o N 2GR 5 AT E A, i 10B TR
LL10 pmol/L ) Adpa-Mn(IIN)#E FIU25141 il A [7] v
i), 550t IR AL A L, Ab3H6 ), 102 i 5¢ i 5 Ji
INENL5E, Ui 40 B s PR T . BRI S
YIVE I R SE K, 40 i P ROS I 5 B 4k 4238 i
2.6 Adpa-Mn(I11)X32H ifs A Ca* B 520l

BB TR B RAR DY REIK AN QB 1T R 7, A
XF T 4 B o8RRI ATP ) & e rh AL 25 LA
FFluo-3-4¢ t4, 5 Wl 1ok 455 WL 42U25 140 Jifa P 45 25
TR FE 1) A2 Ak, 45 B 11T 7R, 5 pmol/L Adpa-
Mn(IID1E F24 h%2 't o JE B A7 19 58, L5 08 B2 A
bb, 1398 6 0m B T iy, Ca®' (1) 5% ) o 5 Bl 45 Adpa-
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(A)

3 umol]

(B) 150
24h
BEA 36h
% 4% h
& 100+ . ; CCCP
L")
g
2
£ 50 .
— 3

c 10 15 20

Adpa-Mni T pumol/L)

A 21 HIAG A (R BE (4 Adpa-Mn(LIT) Zb BH48 h, ZE Al FIC-1 44 £, 78 NikonZ% 6 & ik M 2Z(200x); B: Adpa-Mn(IT1) I [7) 77 B A A 1) A%
U25141 fiuhJC-11A141/485¢ 6 L, means+SD, n=5, 15 % HL41AH LE, *P<0.05,
A: cells were exposed to Adpa-Mn(IlI) with different concerntration for 48 h. The change of mitochondrial stained with JC-1 were visualized by us-

ing Nikon Fluorescence microscope(200x); B: dose and time-dependent decrease of the red/green fluorescence ratio of JC-1 by treatment with Adpa-
Mn(III) in U251 cells, means+SD, n=5,*P<0.05 vs control.

B9 Adpa-Mn(ILD)i% S U251 44 (AR i (3 T 0%
Fig.9 Adpa-Mn(IIl)-induced mitochondrial membrane potential collapse in U251 cells
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10 pmaol/L. Adpa-Mn(111)

A: A HAE 10 pmol/L Adpa-Mn(IID)AbBEAS [A] I 1] J5 HA45 5 6 R (200x); B: 48 {110 pmol/L Adpa-Mn(IID)AbBEAS ] i (] J5 48 FH 5 G BEFR 1
Fr ¢ Yo% , means£SD, n=3, 5% B41AH EL, *P<0.05.
A: cells were treated by 10 umol/L Adpa-Mn(III) for different time, fluorescence photo were taken(200x) B: cells were treated by 10 umol/L Adpa-
Mn(I1I) for different hours, fluorescence intensity were detected by spectrophotofluorimeter, means+SD, n=3, *P<0.05 vs control.
E10 Adpa-Mn(IID)iF S U251 AROSHI =4
Fig.10 Adpa-Mn(III) trigger ROS generation in U251 cells

(A) (B)
1.5
7
= 7 % '
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Fluorescence intensity(per 10¢ cells)

P 1 |
E 0.5 %// : i
z b
://ﬂ P %/// :
Y f/’/y/ﬁg . ‘% 1
C 5 10 15
Adpa-Mn(l11§ pmol/1.)
A: Adpa-Mn(IIDAE P K124 hJ5 359I T (200); B: AL HI D CRFR AU B P GRS, means£SD, n=6, 5% EAIAH LL, *P<0.05.

A: cells were treated by Adpa-Mn(III) for 24 h, fluorescence photos were taken(200%); B: fluorescence intensity were detected, means+SD, n=6,
*P<0.05 vs control.

11 Adpa-Mn(II)5|#2U2514AfE A Ca® B4
Fig.11 Intracellular Ca** overload was induced by Adpa-Mn(III)
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ARG ARG . LA TE ML R 259 % 2 [l %
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o A0 M R R AR (R R A P o AR S236 W 52 31, Adpa-
Mn(ITD) T L4 61 42 o S ) 212545k 9506 I 360 4 4
A, I HO I A0 M A R A 59, R0 R A1)
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The Activity of Inducing Cancer Cell Death and Affecting Mitochondrial
Function of a Novel Manganese-pyridine Compound

Zhao Kaidi', Gao Jing'*, Li Xiang', Li Zan?, Chen Qiuyun®
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School of Chemistry and Chemical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract In this study, anticancer activity of the novel manganese-pyridine compound Adpa-Mn(III)
([(Adpa)Mn(p,-O)Mn(Adpa)]PFs8H,O (Adpa=bis(2-pyridylmethyl) amino-2-propionic acid)) and its possible
mechanism were investigated. Four human cancer cell lines including HepG-2, HeLa, A549 and U251 cells were
treated by manganese-pyridine derivative Adpa-Mn(I1I). Cancer cell proliferation were detected by MTT assay. To
observe cell apoptosis, the morphological and nuclei changes in H,B-GFP-labled HeLa cells were observed by a
live cell system (LCS). Autophagic cell death was studied with acidic vesicular organelles observation following
monodansylcadervarine (MDC) labeling and autophagy-related proteins GFP-LC3 plasmid transfection. Mitochon-
drial membrane potential was observed by JC-1 staining; Intracellular free Ca** content was detected with Fluo-3
staining; Formation of ROS were detected by DCFH-DA staining. Our data show that Adpa-Mn(III) exhibited sig-
nificant inhibition on cancer cell proliferation and exhibited dose- and time-dependent effect on U251 proliferation.
Adpa-Mn(I1I) induced apoptosis indicated by chromatin condensation. Treartment of Adpa-Mn(III) enhanced fluo-
rescence intensity of monodansylcadervarine (MDC) and GFP-LC3. Moreover, Adpa-Mn(IIl) induced mitochondri-
al membrane potential decreased, elevated ROS, and overloaded intracellular Ca*". These results suggest that Adpa-
Mn(III) exerts significant anticancer activity. Adpa-Mn(IIl) may induce apoptosis and autophagy of cancer cells.
The possible mechanism underlying its anticancer effect was related to ROS-induced mitochondrial dysfunction. In
summary, the current study suggest that Adpa-Mn(IlI) could be exploited as a potential lead compound as a novel
anticancer metal-drug.
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