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Induction effects of rabdosin B on differentiation of human promyelocytic
leukemia HL-60 cells

WEI Jing-xin, DING Lan, LIU Yang, LI Pei-wei, LIU Guo-an
College of Life Sciences, Northwest Normal University, Lanzhou 730070, China

Abstract: Objective To investigate the characteristics and mechanism of spironolactone ent-kaurane diterpene type diterpene
rabdosin B (RB) induced HL-60 differentiation into mature granulocytes. Methods The effects of RB on proliferation, cell cycle,
NBT reducing power, phagocytosis, and cell surface antigen CD11b expression of HL-60 were detected by trypan blue staining,
Giemsa staining, NBT reducing power assay, and flow cytometry, respectively. Results RB inhibited the proliferation of HL-60
cells at the concentration of 1.0, 3.0, and 5.0 umol/L, which resulted in the arrest of Go/Gi phase, increased the ratio of renal
nucleated and lobate nucleus, and markedly enhanced the NBT reducing power and phagocytic capacity and the significant increase
of CD11b positive cell rate. Further tests showed that the active oxygen scavenger NAC (300 umol/L), NADPH oxidase inhibitor
APO (100 umol/L), and DPI (0.1 pumol/L) not only significantly inhibited the intracellular ROS upregulation induced by RB, but also
inhibited various features of RB induced HL-60 cell differentiation. Conclusion RB can increase the activity of NADPH oxidase in
HL-60 cells, increase the intracellular ROS concentration, and induce the differentiation of HL-60 cells to mature granulocytes.
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1.1 R 5EE

RPMI 1640 157725 043KF Gibeo A]; FFRGT
B H RERIEEY AR ATRA. FEZEDU MR
(NBT). FHTHEHRE (APO, BHEEWKE 10 mmol/L)-.
TIORIES (DPI, BEAAE 10 mmol/L). N-Z.Bk-L-
PRPEER (NAC). #hikiE (TPA) 43 [E Sigma
/A& 7% s Anti-Human CD11b FITC W |5 44
Biosciences AH]; MR IGIREN P (HPMA-FMA) A&
SIS E AR HAbEZ N E P oA At

CO, 5778 (Heal Force A]); DMI4000B 1EE
WKIEEL (Leica 7], #82ED; AL (Beckman
A, FEED; m680 Bt (BIO-RAD A#H], HKEH);
MM-3 BIER A (BT R R g AT ).
1.2 75

RB HARBHNH 7= B F R HK Isodon
Jjaponica Hara var. galaucocalyx Hara (iZZi#M % B H
B TURIEAR, PRGOS A iy B2 22 B A
MEREE) ToEmas, @i, mikES M
TIEX HAERHAT o pr vl HAb 520 X0 B
1. RB A% fET DMSO ™, BEIKRE AN 10
mmol/L, T 4 CZ&IFRTF .
1.3 4Afm

N ELGIPRE A L5 40 Bk HL-60 i =2 M K22 A
Pl 2 2 B A5 B B B

EHzoko o

1 RBHILFELEH
Fig.1 Chemical structure of RB

2 ik
2.1 ‘ApmEESE

HL-60 A7 T &8 10%F5 0624 M35 (1)
RPMI 1640 #5355 (& 100 UmL HHEKE 100
ng/mL #E ) B, BT 37 C. 5% CO, WAEE
TR FRAE PR, B3 R 1 IR, SEERIT i A
STt 1) Ak T X B K
2.2 RB %} HL-60 £AptE5E K 40 i /& HR A9 5201

O KA HL-60 400, #laRE A 1.5X
104 AN/mL (R4 2R T 24 FLYE s IR0,
L 300 uL, B TEEREFF TR 24 h )5, Bl
AN 04 1.04 3.0. 5.0 pmol/L RB B, 1.2 pmol/L
ATRA. 5365 24 h WAL, HUE I IS5 40 B
PL1: 4 80 IRE], Yett 4 min 5688 RAETHEOR b
ICHGEAII R CRYLE RN TG, Gepliis
(AR FEA A « BT A SEER 2% 3 AHE ST, HCF
BE I EARE .

1 ff & RS 04 1.0+ 2.0+ 3.0 umol/L RB
TEFZNAR 72 h J&, R0 5 min, 77 _BiE RIS
Y, 0 70% B 4 CAPFRE IR . B0 LR
FE, PBS IEPEMNZRERE AN 100 pg/mL 1
RNaseA T 37 ‘CIEEIFE 30 min, JIZL R EIRE N
40 pg/mL PI EEEHFE 30 min, il B — BI85
SAH A A -

2.3 RB X HL-60 ZAfK/N RifE RAZFSHIR N

YUAFERRE “2.27 T, 0. 1.05 2.0+ 3.0 umol/L
RB { 1.2 umol/L ATRA Kb34HNI 72 h, IR E
JeH 4 CHUAM 70% 8w, JFT-20 CREE
24 h, FMIETELERZE E W, JFH PBS Bk E M
A 10 uL PI, BEYCHEF 30 min, il —E 05 H
It G AR o

YA E “2.2” T, 0. 1.0v 3.0 umol/L RB BY
1.2 umol/L ATRA AbFEAHMIE 72 h, BSOS R4,
PBS 5k 2 Ik, HREE-UKCER AR 3 1 D [
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20 min JFERF, WO IEE GUR0EOE G 10 min, T
DB TS, JEr RS AN RIS,
300 4, THER IR . LA s
L T RIS DA B AR AZ £ R A 43 IR R 4T
HD: R4 s R akignf (EEZA) 07,
FRAL 0 L 2 = 43 P /(4 P B+ SR AL 40 )

P EIRARIE 1) 7795005 3.0 pmol/L RB &1
IS 300 pmol/L N-ZFik-L-2F &R (NAC). 0.1
pumol/L DPI 5% 100 umol/L APO £ 341 72 h 54
AR
2.4 4HRE NBT &R AL S2i 181

YUfBEFRE “2.27 T, 0. 1.0+ 3.0 umol/L RB
5 1.2 pmol/L ATRA A4 72 h, fKIEES > 5 min
WA, PBS ¥58E 2 XM AFII4HAEL 1X10°
AN/mL % EEET PBS (& EIKEAN 2 mg/mL
NBT #1200 ng/mL TPA)H, 37 “CHHIRIFF 30 min,
BLOF B, BRRURES 2 2 0y, — i EH
M, RGBT S MR A 2 i BB CURORL I 48 . (FH
PESIND . BEALTHEL 300 AN4HM, THE NBT BHPE4H
MiZ, $% Chen FUNWI7iE, MABM: H—HmH
BEFRACT 3K 570 nm A B REE (4D fH.

F iR IR E] ) 55 E 3.0 pmol/L RB FRAfEY,
BE4 300 pmol/L NAC. 0.1 pmol/L DPI LA 100
umol/L APO 155741 72 h J5 411l NBT L 5 fig
2.5 {RRRENERE AYNE

YU FEARE “2.2” T, 0. 1.0+ 3.0 umol/L RB
87 1.2 umol/L ATRA AbFENI 72 h, IR EIHKE
N 30 pg/mL HPGHERL P (HPMA-FMA), 37 C
THIRF A 3h 5, EOWEE4E, 01 mLPBS, ¥
FEURES ;2 03 — iR A RS 5 —mH
T =G F AR

P I8 IR AR A 7 VA E 3.0 umol/L RB 54
BBEA 300 pmol/L NAC. 0.1 pmol/L DPI P A% 100
umol/L APO 577411 72 h Ji& 2 M () 4 1 e
2.6 HL-60 AR EHLRE CD11b FRiEAI4EN

YRR A “2.2” T, 0. 1.0+ 2.0+ 3.0 pmol/L
RB 8¢ 1.2 pmol/L ATRA Ab#E4HfE 72 h, PBS 56t
AN AR N 1 X100 /N/mL, B 500 pL 423,
XA 5 uL Mouse IgGl K Isotype Control
FITC, % BUH A AL FR2H A4 M B9 500 ul IIN 5 ul
anti-human CD11b FITC, 37 C#OGEIEIFE 30
min, PBS J5505%, il B35 — 25 A i N gm M ks i o

Fo8 FIAFH 7500 E 3.0 pmol/L RB FRHERIE

4 300 pumol/L NAC. 0.1 umol/L DPI VL 100 pmol/L
APO F537411 72 h J541AE CD11b FIRIEK T
2.7 AP ROS SN

YA EFIE “2.2” T, 0. 1.0+ 3.0 umol/L RB
8 1.2 pmol/L ATRA AbEE4HMI 3. 6. 9. 24, 48 h
Ja, AR BE DAY, PBS EX, A 1 mL
DCFH-DA %64, 37 CE#EIEIRIEE 30 min,
il B — B E R B AR s Hodh 6 h AbEE
MR s OGNSR

o R 3R A R 1 75 32 B O QA M AR I 3.0
umol/L RB B & 300 umol/L NAC 15741 6
h JE 41l ROS & &4k .
2.8 NADPH S1{LEgEM S

YHARRERRIR “2.27 T, 0+ 1.0+ 2.0+ 3.0 umol/L RB
8 1.2 umol/L ATRA AbFEAHMI 3. 6 h J&, WeZ: 200 uL
Rigrde, HFLIIA 50 pL 1 mg/mL NBT #3137 C
TEIRMFE 1h, S05F HE, &FUIA 150 uL DMSO
PR% 15 min, FHBFFRMX T 570 nm ZLE 4 1H.

F 8 EARAH R 77500 E 0.1 umol/L DPI 8%
100 pmol/L APO B4 3.0 umol/L RB £7740M 3 h
Ji FA B ARG & A {H
29 BURGIHFALIE

FBARIFIR N X £5 , BdEF SPSS 23.0 4tit
AT RN T 208 (ANOVA), S5 2 I8
& LSR % 5 L i 7 0l T 2 S A AR 50
3 %R
3.1 RB A% HL-60 Z0A6EE HAFHHIHI H 1858

PL 0~5.0 umol/L RB &% 1.2 pmol/L ATRA #b#H
HL-60 Zfiffl 24~96 h J&, KH & 85 4 ok il 41 i
T, RHEL MBS R SR, 1.04 3.04 5.0 pmol/L
RB 1EF] 48~96 h %} HL-60 £ g 384 5 45 W 5 (1) 41 sl
TER, FEEA IR SRS (B 2-A). i
— 5 F A 2R SRS & B, S Ab ERZH AN AR AE 72 h
A3 AL T ASFEREEE ) Go/Gy HIFET (B 2-B). RB
AEHRLL Go/G HAZM A L 2R EE K R AL (42.3%) 43 5l 4
I 1.7%. 7.2%- 9.3%, ATRA HIEINT 7.5%.
3.2 RBiFS HL-60 4HRE 5 1L BY4F 1%
3.2.1 RB %S HL-60 44 AR I K AL R 14
A 2 i AR A RB X HL-60 40 i A /N KR

VEomd. I 3 LA H, RB A HL-60 41/ 72 h

S AHMT I AR AR R EE I A A R 38 KT 9
RB 2.0+ 3.0 pmol/L AP FZ i AR . 1.2 pmol/L
ATRA 5 1.0 umol/L RB 1155 5 B AH 2
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—=— 1.0 pmol'L™' RB
- —+— 3.0 umol-L™! RB
—=—5.0 umol'L™' RB
| = 1.2 umol-L™! ATRA

o0
(=}

(=N
(=}

HHY (X 10%
5

B 120 DGz/M DS .Go/G]

100
80F
601

40

S HEL R IYI 5351 %

20F

1 1 1 1
Xof & 1.0 2.0 3.0
RB/(umol-L")

2 RB X HL-60 /%K (A) FMARESH B) BTN (X £s,n=3)
Fig. 2 Effects of RB on cell growth (A) and cell cycle distribution (B) of HL-60 cells (X %5, n=3)

.
3.0 pmol-L™' RB
.
ATRA 2.0 pmol-L™' RB
+
1.0 umol- L' RB
60

55 *
X

5 1 1 1 1 ]
453 555 585 615 645 675
HL TR

3 RB 5/i2 HL-60 ZRARAFRR f B o ZE
Fig.3 Volume and size changes of HL-60 cells caused by RB

3.2.2 RB Jt#& HL-60 40 'E FEAZ RN 2 A% 40 i Lt
1.0, 3.0 umol/L ) RB 8% 1.2 umol/L ATRA 4t
T HL-60 40 72 h, HME=G A RN, XA
M A% 2 IR R, R0 EOK, T AbFE 2H 20 A
PIARZTEASEAL, HIVE AL A%, (5  40 B A%
R ECkRN (B 4) . B TR AZ A 43 i A2 20 B B = bt A 24
YIRE KNG Z, SMRAMIEREE (P<
0.01), H:FF RB 5 ATRA AbHE 40 BA%Z T AR (LA
8L, H a4 ) Js AR 20 B 404

3.2.3 RB #2fm HL-60 40/l NBT i&J5i58/) 1.0, 3.0
umol/L RB 4bE HL-60 4HfE 72 h J5 41U NBT ik Jii
JidnE, SRordiiE B EIR (K 5-A), NBT FH
PEANBRI N, KPR SXHEAM L ZER B (P<
0.01), FFEAWERI M (K 5-B). HH 3.0 pmol/L
RB 5 1.2 umol/L ATRA XbFEZH ¥ NBT i& J5 g /1420
3.2.4 RB 5% HL-60 40 AMERE /) N4niE
REEETCEMBAI 1.0. 3.0 pmol/L RB B 1.2
pmol/L ATRA X 4 Jfd 7 W % 't ok PCHPMA-FMA )
(I . A 6-A Frs, X B84 i 5 it s FE AR,

=
pagicy 1.0 umol-L™' RB
. &?
6/ 9
’\ . ] Ay
v T
»
3.0 umol-L™' RB ATRA
100
80 |
S o -
2 60F
]
SH
g Yor .
0 1 1 1 J
X 1.0 3.0 ATRA
RB/(umol-L™")

SxfHRA R "P<0.01, K56 [F

**P <0.01 vs control group, same as figures 5 and 6

4 RB 3| HL-60 fAEZHASKE (X200, X +5,n=3)
Fig. 4 Changes of nucleus morphology of HL-60 cell treated
with RB (x 200, X *s,n=3)

e CLULSE B AE A A SOERURE,  1i AC 22 40 5%
JGOREE R R, R T AT LS RS R ] R 4 2
U R ARSI 45 SR L 6-B, A 25 Wi BERE
Kb PR A2 - 05 v R B R A, i 5 50
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BB T WA RIS R — B, RSN
L 5% G RURL P (HPMA-FMA) [ 77 Wi ik 7 3 .

32,5 RB L] HL-60 4HfEsR$i)E CD11b HIFik
ZAFREE RB 5 ATRA fEFH HL-60 2 72 h /55
KR ML TR CD11b (A IE 7 s, 5%
8 (BHMEAIIR 57.75%) LE#L, 1.0+ 2.0+ 3.0 pmol/L RB

* R0 SONGE ¥ Y0 6T g0 |

LX)

5 S} \ P4 el
"8 VAT X
?\ LR
.0 pmol-L™! RB

3.0 pmol-L™' RB
100

*%
80 sk
I
60
40} o
1 '
0 _. 1 1 1 J
1.0 3.0

X ATRA

w

NBT BH 41 A/%

RB/(umolL").

[El5 RBXfHL-60 ZHAENBT iL[F IS (X200, X ts,n=3)
Fig. 5 Effect of RB on NBT-reducing ability of HL-60 cells
(%200, X £s5,n=3)

O
10 100 10> 10> 10
20 umol-.L'RB 128

2 %%

128

85.28%

0 b ; 0t
10° 10" 10> 10° 10* 10° 10!

102 10°

AT 1.2 pmol/L ATRA 32253811 HL-60 AR )5
CD11b (13, HPHMHEARAEZ 5N 73.02%- 85.28%-
89.00%- 66.40%, FFfiti RB WL ITIHE o

3.3 NADPH S {LEEJE ROS /757 RB %t HL-60
YHBEAY 53 1L AE

3.3.1 RB _[iff HL-60 4H@ K ROS 7K°F 1.0, 3.0

A

X 1.0 ypmol-L™! RB

3.0 umol-L™' RB ATRA

g 200r

160}
c\\o o %k
= 120f o 1
Jm
£
ook
= 80
g

40

0 1 1 1 ]
X iR 1.0 3.0 ATRA
RB/(umol-L™")

El6 RBXfHL-60 ZBIAFREREIEIRNA (X400, X £5,n=3)
Fig. 6 Effects of RB on cellular phagocytic ability of HL-60
cells ( x 400, X £s,n=3)

1.0 pmol-L™' RB

73.02%

0
10° 10" 10> 10° 10*
3.0 umol-L™' RB

128 ATRA

! 66.40%

s .
10+ 10° 10' 10> 10° 10*

Fluorescence

&7

RB % HL-60 iR E /R CD11b FiXHIF N

Fig. 7 Effects of RB on expression of cell surface antigen CD11b in HL-60 cells
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umol/L RB 5%, 1.2 umol/L ATRA { Jf] HL-60 £l 3~
48 h J54HLAN ROS /KPR 8-A Fim. 1.0
umol/L RB ALERZHAMIFE NN Z 6 h f5H ROS /KT
B ETE, #E 3. 9. 24 h B ROS /K FARLANHA &,
48 h i} ROS 7KFA 454K . 3.0 umol/L RB 4b¥E
HAHMHN ROS /KF&HBETHE, JoHAE 6 h i
ROS /K VT AR, SRJGRERT R 0, 48 A
ROS 2 M@, [N, AP RMERIE 6 h i
AEFRZH A0 P ROS 78618 % B (& 8-B), 3.0 pmol/L
RB Kb 2H 41 i 5% ' 3 FE v T X EZH L 1.0 pmol/L RB
ARFRZHAN 1.2 pmol/L ATRA AbHEAH, &t R 5=t
ot —2

HE—2 LA 300 pmol/L NAC B4 3.0 umol/L RB
AP HL-60 1l 6 h JERrill 4 ROS 7K1, &I

NAC (H H3EEER7)D 7] L] RB 5]&E /) ROS F+
(] 8-C)

3.3.2 RB %S ROS /KFFE5 NADPH &AL
e ERAESREE L 0~3.0 umol/L RB 4 AHI/EH

HL-60 4Hf 3 h 5% 6 h J&, NBT 4366 vk 4n i
FULEEIETE, ZRME 9-A Fin. MWK 9-B iJLE
i, RB 15| NADPH A iE S (P<
0.01), FFEIRFEMAIME, 1 6 h A3 NADPH 4
AL EEAE 1.0 pmol/L 1 3.0 umol/L I} 5T 3 h A4 .
H#t—H APO (100 pmol/L). DPI (0.1 pmol/L)

2 FNADPH A B 07016 & RB ACER4H Ao
IZHHI N NADPH SACEEIE M A ROS WREE, 45RO,
APO. DPI AJ#fif| RB 5[#2H ROS EF+ (& 9-C), &
A RB 5121 ROS [ F+5 NADPH 4L EFAHOCHK .

A 300F —3h B C
=«6h
250 +9p 2507
m24h
£ 200F  aep 200f o
% 150 - 5 L
® : S 1.0 ymol-L ! RB z 150 "
< 100} . & 100
~
50+ sok
0 1 L L J 0 L . |
ot 1.0 3.0 ATRA
RB/(umol-L") 3.0 umol-L™'RB ATRA X RB NAC NAC+RB
SxIR4LLEE: 7P<0.01; 5 3.0 umol/L RB 4LHL#:: #P<<0.01
"P < 0.01 vs control group; P < 0.01 vs 3.0 umol/L RB group
8 RB %t HL-60 Al ROS 7K RIS (X 400, X *s,n=3)
Fig. 8 Effects of RB on ROS in HL-60 cells ( x 400, X £s,n=3)
A B c
; 2501 g3 . "
3 200} ®6h g 3s0r
& 150} = 200k S *ok
~ § t 210}
1;*; 100} ® Por @ 1400 i i
o = 100} o)
g sof g = ok
2 sof 70
# P
0 0 0 1 1
pgitc) pagic DPH—RB APO+RB pagict RB  DPI+RB APO+RB
RB/(umol L ')

Sx AR *P<0.05
*P<0.05

P<0.01;

5 3.0 yumol/L RB 4HEL#E: #P<<0.01,
**P < 0.01 vs control group; #P < 0.01 vs 3.0 umol/L RB group, same as below

T

£19 RB R4 DPI. APO X} HL-60 £Rf NADPH S {LEE R 4BAE ROS K FHIFM (X ts,n=3)
Fig. 9 Effects of RB alone or in combination with APO and DPI on NADPH oxidase or activity of ROS levels in HL-60 cells

(X £s,n=3)

3.4 NAC/DPI/APO 755 RB %I HL-60 ZHA8 534X HY
BSER

3.4.1 NAC/DPI/APO J#/> RB
HL-60 2R

iR = P AR A
3.0 pmol/L RB Bt& NAC B

DPI 5 APO 451 H T HL-60 418 72 h 5, i
[N =S ARSI VIS E A ) ]t N
10 \fLLEH, 5 RB SMACERAIA b, BRaAb 4]
(RB+NAC, 5 RB+DPI 5 RB4+APO) {5 4%/
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‘ \" ~al " e
il RB
Te%, S5 gl 6993
‘o {““‘. ol gs;!
) ;*pe.g‘. 'I.O‘.‘ 390 9; &
s Vg . %08, Ve e
LT Il o
NAC+RB DPI+RB APO+RB

BRABEREA A%
3

™ ANl

X RB NAC+RB DPI+RB APO+RB

(=]

l 10 NAC X DPI. APO 73|ik& RB Xt HL-60 ZHA4%
ZSHIRZME (X200, X *s,n=3)

Flg. 10 Changes of HL-60 cells nuclea morphology after

treated with RB and in combination with NAC, DPI, and

APO (%200, X £s,n=3)

2 IR M bL 23R T 3 P, RIS 1751 NAC (300
umol/L) & NADPH %k EHI177 DPI (0.1 pmol/L)
A APO (100 pmol/L) &2 F#IK RB X B A%/ 2 1%
HL-60 45 S1EH, K RB FFMEHS
NADPH S AUHGHE P =2 1) ROS AHICHK.
3.4.2 NAC/DPVAPO [#MX RB %f HL-60 Zfi/fi NBT
B EEE IR THER  RB XA NAC B¢ DPI E{ APO
2y HAE T HL-60 40 72 h 5, B 424h & i
FRACRSI 25 S I8 ZH A Y NBT 85 RE 77, 25 3 0L
11. 5 RB A HH A LL, A b EEZH (RB+NAC
o RB+DPI & RB+APO) ZHJfiff) NBT ikt 5 /71
TR, SHBEREE (P<0.01), £ NAC
(300pumol/L)DPIC0.1 pmol/L) & APO(100 pmol/L)
% RB %% 5 ) HL 60 41 jits NBT ik Ji 37t i B 1
B R, #E—25 Bor NADPH ZUALEE KR ROS
5 RB{ ‘%E’J"ﬂc{’ﬁﬂﬂifﬁa@
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Fig. 11 Effects of RB in combination with NAC, DPI, and APO
on NBT-reducing ability of HL-60 cells (x200, X £s,n=3)
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