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Atomic Force Microscope-related Study on Dauricine Induced Apoptosis of NB4 Cell

CHEN Wei', WANG Sui-xiang?, HU Xiao-mao®, XING Xiao-bo', CAI Ji-ye'*
(1.Department of Chemistry; 2. Medical College ;3. The First Affliated Hosptial, Jinan University, Guangzhou 510632, China)

Abstract: [Objective] To investigate the role of acute promyelocytic leukemia NB4 cells in cell growth and the possible
mechanism of cell apoptosis by dauricine. [ Methods] In this study, CCK-8 assay was used to detect the proliferation rate of NB4 cell.
atomic force microscope (AFM) was used to detect the changes in morphological and ultrastructure of NB4 cells before and after
dauricine treatment. Cell apoptosis rate, mitochondrial membrane potential (MMP), and reactive oxygen species (ROS) were
detected by flow cytometry. [Results] The result showed that dauricine directly inhibited growth and proliferation of NB4 cells. Cells
were incubated with 20 to 80 wmol/L dauricine after 24 h, the cell viability was decreased from (86.5 = 11.7)% to (4.1 £ 0.5)%. In
addition, cells were treated with 10 to 40 pmol/L dauricine for 24 h. The flow cytometry analysis revealed that the cell apoptosis rate
and ROS level was significantly increased and MMP was decreased. The AFM results indicated that normal cells were round and
plump, the surface was smooth. Dauricine made the NB4 cell began to collapse, and the mean roughness of cells surface rised.
[ Conclusion] Dauricine directly inhibited proliferation and induced apoptosis of NB4 cells.

Key words: dauricine; NB4 cell; atmic force microscope (AFM) ; ultrastructure ; cell apoptosis

[J SUN Yat-sen Univ(Med Sci),2012,33(4):421-428 ]

TEFR DGR SE T3 AR TE S Lotk =AU AR | S S 20 R s 2 i O
o ES 6 FIER 8 i, Fifad 80 A, Edk X TZ,As0; XF 20 M 5L 4 kL 40 i 11 1M 9 (acute
4 U HE R (all transretinoic acid, ATRA ) JA X promyelocytic leukimia, APL) 4 ffd 3¢ B8 iy XU & 1E
T 2ER YR AN e, HAE RGBS F AR (0.1 ~ 0.5 wmol /L) 375 ANk
fifE IR 85% ~ 90%, 1996 4F WA 45 1 UK HiH 19 (2.0 pmol /L) W% T AWML T, HAR

75 B #3.2012-02-23
BEE&TH: EHFEARBEIES (30872404 ) ;4973 141730 H (2010CB /833603 ) ; H [ 1+ J5 JE 4 (20090450099, 201003359)
BB/ MR A, LA, E-mail ; happyew520@163.com; * A5 1EH : 284K\l , E-mail ; tjycai@jnu.edu.cn



422 IR A (A B4R

33 4%

ATRA Fl As,05 TP RCR I, (8 R A5, H
As,05 BEPEROR, BIVEHIsR , £ 22 O IERESE
J5i ¥ 77 BT (atomic force microscope , AFM) EL A5
YUK BRI PR, BERSTE SN LK P F X 4
P18 2 TH 235 4 BRI 5 R R AT — AL R 0 A,
ARAT AL 2 THT 45 AL F1 ) 2 M B ) s R s, fdi A
syprsE Az e, R I AT AR i TR S
PR R A 2 MR TR e Ak, T X 4
¥ B Gl 25 A I 5 P L B 24y 2 2 B U A B
20 B 3 2 B AR AR AE T I K R RS 5
Mo, W 4% 55 Bk ( dauricine , AHXT43F B 624.8) /&
7 AL A7 Wit 25 AR 25 P SR B — TR R i S
MRS A W, EAT PO WLk AL, PO H R AR
B IEPOOHRHZ, X K Na®, Ca 5 i
BT S BA AE FE7 AT 53
RE AT A 1 5 35 P 200 ML 0 2502 L i
BTN 2k LA B L (APL) BOBIFSE, A
SN A SCHRIRGE o A Sl CCK-8 A 1252
BT T W B BT 2 SR IR R T 1l NB4
NP BE Y RE IR, 25 A AFM 43477 S s 5 el 1 FH i
Je A A A 2SO A AR 23 4
UL 28 AR AR 5, A5 0 3% e A K P PR il 5 2
NB4 2 04 1 AT GeAIL ]

1 #H5F*

1.1 RFIFL RS

iy B 2 BRI YRR R 25 A |] (A3 A gl
99.2% ) ; NB4 21 ifd B e O~ B 2 B, 1L Yk BF 5
Bt s RPMI 1640 1535y GIBCO 22 7] 7™ it 5
ARG A LIS e A AT DU R A R CCK-8 1 H
H AR AL A 058 i 5 22 PR 123 (Rh123) 351
TP AR D) 6 B AR NAC K & Wy i i)
WA B RAEY A A AT 5 RFE A
G A L E A w7 i SR UK A
afisK

1818 926 WSS (TU-2000, Nikon ) ; J5 1 /1 i
1#85 (Autoprobe CP Research , Thermomicroscopes ) ;
bR AL (SAFIRZ-Z , Tzean ) ; T 20 AN MY (FACSAria,
BD).
1.2 #patEsF

SR AR A L NB4 AR AR
R T R 2 IV F 5 B 4 2R NB4 41 it HH B 10

mL/L 2L R4 055 ) RPMI 1640 15 95 528 T4
UL 5% CO, 37 CHEEFRAE TR, A g
i A HUHR BOG A B, SCI T DL S i g
o 00 248 3 L KT 98%
1.3 CCK-8 i%illl ZE £ A 18 5 #1 31 2=

B AR KO TS B AY NB4 4 Ji 3280 T 6 LR
o FRBFEEZ R 1 x 10° mL, R ISR S INA 1
000 wmol /L 1) Wt I &5 B I8 1 24 ¥ B2l 0,20,40
60 F1 80 wmol/L, Jf- 3557 24 h, £5 ¥ B HL 100
pL 2] 96 fLAk 1,35 5 & FL, A 10 pL CCK-8
RAEE 5 h, LAESFRURI OD A (I K 450
nm, Z K 630 nm) . HMIAAIS 3Ry, #2F Gt
¥

'Yv=(nl-; = nB)/(nC_nB) ,;ﬁ;r‘fﬂ Ng N N¢ éJ\JE.‘IIJj‘jgg
B4 A5 A O ER AL AR AR
1.4 R EAEAKN NB4 4HRAT-%H

NB4 4Hffi4EFh T 6 fLAR Y, LR 1 x 10°
mL, A W 0 A 2R SR 0,10,20
F1 40 pmol/L; 73— 6 fLAR A NB4 4f LA 2 mmol/
L 1Y NAC HTAEALF FRAL R 2 b, S A Wl 0 5 i 15
ZAFE N 0,10 .20 F1 40 wmol /L, 5555 24 h )7,
WA 50 3 VE A, DL PBS Uk 2 Kk, 3 B
HIA 200 pL ) binding buffer F %, FFAIA 5 pL
Annexin V- FITC F1 5 wL i PI,37°CHOGMT 15
min, FRERMCAIANML, 1 h NI R AlBAUEI , A4~
FRASTHEL 10 000 40, SEg AR 3 AL,
1.5 AFM o

DL 2 B 2R (0.1 g/L) B TH R 1Y w3 A
R, T S E T 6 fLAR T, HF NB4 4
Jia, 5 4R B R N 10° ~ 106 mL', £ FL 2 mL, il
N i U B B, 24Uk B SR 10,20,30,40 T 60
pmol /L, Ki F2 AN A 24 h, W H R 373, - ALIm A
1 mL 40 g/L B Z R PR EE A 1 h, H35%
Z B, A Sl K e e % 3 Ik, # il 45
IR AR TR AR R XY e B H
WAL S 57 T B A R R o DX, B2 A A A%
SEESR 100 wm S35 2%, UL20B fERET , (A
(e R B 2.8 N/m,  AFM B4 L A 45 3
(TP 2.1 W) V- A B, i bR A48 7 i) L AR (I ¢
M
1.6 HpENEERE BERT

FH G 1ML 3 35 97 5686 B¢ DCFH-DA #£ % (ROS
Rl &, 2 a KA, AR E R 10 wmol /L,



4 4]

B A, 55 BT AFM X i 55 6875 5 NB4 A0 T A9 5 423

1R ROS Har il e B AN ] e 2 s o 25 i A FH
24 h ) NB4 4 (Rt 07 =0 R 1.4) B0 e | 5%
VWL, LA PBS YRR, fITA 500 pL DCFH-DA
PRET B, B T REA TP S 20 min, 2.0 LU0
TH R IRV PR LAV A HE A 40 A 19 DCFH-
DA, 1 h AR, Al 3 MR AL,
1.7 SRR BE B A 46

WCEE 25 0,20 .40 F1 60 wmol/L i 55 B b B
24 h ) NB4 2 (FlobR 77 X IR) 1.4), 850 55 B
W, DL PBS PRSI, INA 500 pl Rh123 5 &kt
FEIFR 20 min, BRI PBS PR 1K, &5 L
PBS &, 1 h WA, sl 3 =

FLIEA TS
1.8 SRitF4hiE
Bls LGSR PR b ffE 223608, Gei oAb Bt

K H Origin 7.0 G it A, Z4A KR
ANOVA HLRZEJ5 245087, LA P< 0.05 N EFAH S

NS -9
2 & X
2.1 tRIEEMEINE NB4 4 fuigsE
AT e B 1 s 0 55 1 43 531/ FH NB4 41 Jifg 24

h, HHEEM 20 pmol/L #K 4 i3] 80 wmol/L,

vontrol 10 pmol/L

1.2

4 T
1.0 T -

0.8+ J

0.64 _

Cell viability

0.4+

0.2

0.0+ | | ’__‘ |

1] Zb 4I0 I ﬁlﬂ I SI[)
¢ (Dauricine) / (. mol/L)
E1 ARERERIFEFLIE NB4 405 24 h [T
HiEE
Fig.1 Cell viability of NB4 cells after being treated with

dauricine in different concentration for 24 h

NB4 21 I 7735 R M (86.5 = 11.7)% F [FF] (4.1 =
0.5)%., 43 HrBUEAS H NB4 411715 R BE 3 Ut b
B BRAE P BE IR, AT SRR IR B (81 1)
2.2 {ARATESH

L 0.10.20 F1 40 wmol /L Ky W & 55 B /E F
NB4 Zififl 24 h, =AML T3 G
2.3, 4R I TR0 R (6.2 £ 2.2)% , (18.0 =
0.4)% (22.5 + 1.3)% M (35.2 + 5.3)%, e A -

20 pmol/L 40 pmol/L

FITC-A

NAC+DAU 20 pmol/L NAC+DAU 40 pmol/L

il : |.| \l‘l”ll TT |\II|\| T
10? 10 10°
FITC-A FITC-A

1 LALLLI |l|ll|||S T

10 10 0 10

FITC-A

2 RAMAEAR SRS HEAER NB4 4158 24 h AT X

Fig.2 Flow cytometric analysis of apoptosis in NB4 cells exposed to dauricine for 24 h
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Fig.4 AFM images of NB4 cell reaction with dauricine at different concentration
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(FWHM) of a single NB4 cell.
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Fig.6 Flow cytometric analysis of the ROS of the NB4 cells were treated with different concentration of dauricine for 24 h
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Table 1 The ultrastructure parameters of NB4 cell
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Rp/nm Rq/nm Ra/nm  Mean H/nm
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40 pmol/L 259.1+13.1 63278  509=+11.2 258.2=+20.1

Rp: peak-to-valley distance; Rq: root-mean’squared roughness;

Ra: average roughness; Mean H; mean height

P A P BT AR 0T LA TS 2 1) DCFH A
A 2EEHT DCF, 2 G5 B A1 ROS & /K- F- 2 1E
EC, K DCF (A5 650 mT LA 20 At PN 396 1 4501
JKF. LA O ~ 60 wmol /L W % 5 B 4b B NB4 4 Jfd
24 h Ji , HESERREE i (723 + 56) BN (1 908 +
87) , AL NS MR Y BT, L 40 pumol /L
) s W 55 B AL PR NB4 4118 0.2.4 .8 .12 1 24 h,
HAE R H 1406 + 41 FTHF) 3529 + 107,980t



5 4 1] Wi 5,55 S5 T AFM X il 55 0875 5 NB4 A0 - A5 427
4000 ] 14000+
2222140 p mol/L W =24 h
3500 T 7 120001
2 3000 W 7 g 10000
§ 2500 - E 20004
£ 2000 : T
£ § 60007 R
% 15004 = \
£ £ 40007 \ T
= 1000 3 g \ 3\
s00 ] 20001
0 : ¥ / / 0 . : -
0 q g 12 24 2040 60
iih e (Dauricine/{ p molfL)
B9 40 pmol/L HiEEFAE NB4 M AR G E B gehRR gt E
S 5t E Fig.11 The histogram of mitochondrial membrane

Fig.9 ROS statistical figure of the NB4 cells were treated
with dauricine (40 pmol/L) at different time

Control 20 pmol/L
3 | A i
83 MFL12036 #3 MFIL6108
o o3
3 EE
£ £,.3
= 7 = &3
(=] | (= |
o= [ E
7 o3
vy vy
10° 107 " 10’ 10° 10? 0 10°
FITC-A FITC-A
20 pmal/l. 60 pmol/L
o] * *
M Lads 3 MFI.3245
3 ’
03 O3
wd 23
A E I »
LRI o e ) Ty T
102 10° 10* 10° 10? 10° 0 10°
FITC-A FITC-A

B 10 RERERIESHAE NB4 4100 24 h FLREKRR
FB AL
Fig.10 Flow cytometric analysis of mitochondrial
membrane potential of NB4 cells after being treated with

different concentration of dauricine for 24 h

SR SR BT, NB4 RN ROS 34 (& 6-
9),
2.5 YARELRIRIER AL DT

Rhodamine 123 J&—F 1] DL 3 175 40 Jitg 5 fY) 258
PP Yl €0 05 A1 i 2R IR 1 B ekt Tz AR
R £ bz R B LA, Al 10 11 fs, L 0,20,
40 F1 60 pwmol /L W % & Bl AL NB4 40} 24 h,

potential

R X 20 ARG 00 G 2 ' s B2 i A Wi 8 5 T
Vi B B 3T R B 45 SRAIE BN 24 20 9 2k 1A
s I v o7 B S ARG T I R 2 Ok AR I HL AL AR T
‘FI;%O

3 4 ik

b B S R ZG FRAE iz, IR ORIk £
F14) SC TR $12 38 L A8 410 o6 e e 40 1 g D i S LA
T2 ARHFSEIE i CCK-8 4 M5 s s kA 7
RGN & B W 5 R S T ) NB4 AR A A
FAE 020 B A A 24 4 Ak B 2H 20 it B 2 24
Yk e TR B LT, O HLUR LA R
IR EL A AR IR R R, AR 9 ROS i BT,
S5 238 S UE B W 0 5 B BE 5 2 ROS 77 AR, b
(1) ROS BB IR 1 248 i P9 480 Ak By BT A, 2k o)
fie kAR 2Bl T NAC XH4HAE N A ROS BA TR
PR -0 DL NAC Fil &b B 48 B S e 0 5 el
NB4 2, 4 HEAE TR LEAS I NAC 1 20 51 Bt 22
%o PRI A AT 2 Wi 5 0 i ROS A2 11
RRARPA T AN NB4 4003458 15 ST

YNALIE S . A58 5 A i A= BROIR S F T g
A5 EEABER  AFM X 40 M 598 A5 24 00 55 5 1
IRAFFE IO R R %, JFA &) I8 0 0 A
FE2020 R BFST NB4 40 AT 55 KRR 1t # 1)
LA F R X, ARSI IE R AFM X W 5 A
FH b LR 40 i 1 s NB4 41 Rl e TR 5
TSR I LR, DN BAAT KT Al ok RUEE - B
PRI L i 8 5 B B4 21 A B A A RV 4%



428

IR A (A B4R

33 4%

FA7R, SR B HR B NB4 4 A0 iR 2
AR O HLEE AU, 2t BotiRe . 6k
S5k S 7S 0 P S T ) BAS REI0 A PA T A Y
FRIRAL M, X AT BE NB4 20 /il 235 b i 55 B
YERIJG , AR LR R 2R S A0 AL S50 M B
SER R G, AFM AR — o 0 A6 I 4
ML TB T B, AR R AR 25 W30 e e 4
JEEEVE T, vl h 00 240 08 T S (AT PR MOl A R
FZW ATz B HTET S

SE K.

(1]

(2]

(4]

(5]

(6]

(7]

(8]

Huang ME, Ye YC, Chen SR, et al. Use of all-trans
retinoic acid in the treatment of acute promyelocytic
leukemia[ J ]. Blood, 1988, 72. 567-572.

Shen ZX, Chen G Q, NiJH,

trioxide

et al. Use of arsenic
(As,03)in the treatment of acute promyelocytic
leukemia (APL):IL clinical efficacy and pharmacokinetics
in relapsed patients[ J . Blood,1997,89(9) :3354-3360.

Cai XF, Yang XX, CailY,

microscope-related study membrane-associated cytoto-

et al. Atomic force
xicity in human pterygium fibroblasts induced by
mitomycin C[J]. J Phys Chem, 2010, 114(11). 3833-
3839.

B, AN, Ak, A IR T R
BB g iR A i A [ ] A28 TR, 2011,
27(1): 124-130.

Hsieh CH, Lin YH, Lin S, et al. Surface ultrastructure
and mechanical property of human chondrocyte revealed
by atomic force microscopy[J]. Osteoarthritis Cartilage ,
2008, 16(4). 480-488.

Pelling AE, Sehati S, Gralla EB, Local
nanomechanical motion of the cell wall of Saccharomyces
cerevisiae| J |. Science, 2004, 305(5687): 1147-1150.
Li YH, Gong PL. Neuroprotective effect of dauricine in

et al.

cortical neuron culture exposed to hypoxia and

hypoglycemia:  involvement of correcting perturbed
calcium homeostasis [J]. Canadian J Physi Pharmac,
2007, 85(6): 621-627.

Yang Z, LiC, Wang X,

apoptosis, inhibits proliferation and invasion through

et al. Dauricine induces
inhibiting NF-kappaB signaling pathway in colon cancer
cells[J]. J Cell Physiol, 2010, 225(1); 266-275.

Tang XD, Zhou X, Zhou KY. Dauricine inhibits insulin-

like growth factor-I-induced hypoxia inducible factor 1o

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

protein accumulation and vascular endothelial growth
factor expression in human breast cancer cells[J]. Acta
Pharmacol Sin, 2009, 30(5): 605-616.

Jin H, Dai JY, Chen XY, et al. Pulmonary toxicity and
metabolic activation of dauricine in CD-1 mice [J]. ]
Pharmaco Experi Therap, 2010, 332(3);738-746.
2R BRI, T, AR W B RO B D g T
24 A AR AR ISR [) ], 26 =R Ry
i, 2006, 28(18): 1860-1863.

AEA, SRS, E AR, S W 5 e i R A
QG-56 I BT [)]. P EEZG{E R, 2010, 27
(3): 115-116.

Puegh P, Poole K Knebei D,
approach to quantify cell-cell adhesion forces by AFM
[J]. Ultramicroscopy, 2006, 106(8-9): 637-644.
Alarmo E, Jenita P, Arssinen J, et al. BMP7 influences

et al. A new technical

proliferation,  migration and invasion of breast cancer
cells[J]. Cancer Lett, 2009, 275(1);: 35-43.

PRt 20T, BRAh, A5 TR A RRZLR M 04 A K 4n
JEHEARYS AFM BIEFE[T]. ZEPIEOR , 2011,21(4) :61-66.
Voitchovsky K, Contera SA, Kamihira M,
Differential stiffness and lipid mobility in the leaflets of
purple membranes[ ] ]. Biophys J, 2006, 90(6): 2075-
2085.

Sato K, Adachi T, Ueda D, et al. Measurement of local

et al.

strain on cell membrane at initiation point of calcium
signaling response to applied mechanical stimulus in
osteoblastic cells[J]. J Biomechanics, 2007, 40(6):
1246-1255.

Wang M, Ruan YX, Chen Q, et al. Curcumin induced
HepG2 cell apoptosis-associated mitochondrial membrane
potential and intracellular free Ca2+ concentration [J].
Eur J Pharmacol, 2011, 650(1) . 41-47.

Xu KH, Lu DP.
apoptosis in human promyelocytic leukemia cells in vivo
[J]. Leukemia Res, 2010, 34(5): 658-665.

Brochu H, Vermette P. Young’s moduli of surface-bound

Plumbagin induces ROS-mediated

liposomes by atomic force microscopy force measurements
[J]. Langmuir, 2008, 24 (5) : 2009-2014.
Iyer SR. Gaikwad M, Subba-Rao V, et al. Atomic force
microscopy detects differences in the surface brush of
normal and cancerous cells[ J ]. Nat Nanotechnol , 2009,
4(6): 389-393.

(B3 WE2)



