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Abstract:

Motivated by our interest in hydrogen sulfide bleemistry andentkaurane diterpenoid
chemistry, 14 hydrogen sulfide donating derivati{&slla-c, 12a-c, 13, 14, 16a-c and17a-b) of
entkaurane and spirolactone-type 8gteentkaurane were designed and synthesized. Four
human cancer cell lines (K562, Bel-7402, SGC-790d A549) and two normal cell lines (L-02
and PBMC) were selected for antiproliferative asselypst derivatives showed more potent
activities than the leadntkaurane oridonin. Among them, compouh2b exhibited the most
potent antiproliferative activities, with igvalues of 1.01, 0.88, 4.36 and 5,2 against above
human cancer cell lines, respectively. Further agmg-related mechanism study indicated that
12b could arrest Bel-7402 cell cycle at G1 phase amtlige apoptosis through mitochondria
related pathway. Through western blot as4a,was shown to influence the intrinsic pathway by
increasing the expression of Bax, cleaved caspasgeéchromec and cleaved PARP, meanwhile

suppressing procaspase-3, Bcl-2, Bcl-xL and PARP.

Key words: diterpenoid, hydrogen sulfide, antiproliferativatiaity, apoptosis
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1. Introduction

Nature has long been an invaluable source, prayidimlecular skeletons for drug
discovery [1]. During the 1940s to the end of 20aMnost 50% of approved anticancer small
molecules were nature derived molecules [2]. Rabdosiaan important and cosmopolitan genus
of the Labiatae family, has aroused consideralikrésts due to the aboundancesntkaurane
diterpenoids [3-10]. Oridoninl( Fig. 1), the main active componentRébdosia rubescenbas
been the most extensively studied natural produtiis genus [11-20]. Its structure and absolute
configuration were determined in 1970 [21]. It ébitdd anticancer effects on leukemia [22],
pancreatic cancer [23], osteosarcoma [24], colatexncer [25], renal cell carcinoma [26] and
diffuse large B cell lymphoma [27]. One sub-type &7-seceentkauranes, spirolactone-type
(7,20-lactone) diterpenoids, contains multiple estgienic centers and complex ring systems, such
as trichorabdal A, maoecrystal Z, longikaurin Bjlgoneatin N, maoecrystal V, sculponeatin C,
laxiflorolide C and laxiflorin B (Fig. 1) [28-34]n particular, some of them exhibited promising
antiproliferative effects [35-37] with Kg values of 0.21, 0.29, 0.60 and 0.80 against K562,

HepG2, SW-480 and HL-60 human cancer cell linespeetively.

Although  spirolactone-type diterpenoids demonstratesub-micromolar level
antiproliferative activities, their low isolatiorieyds fromlsodonplants can not meet the need for
further studies, which hindered their wide applmatas potential candidates in drug development.
Moreover, the complex stereogenic centers makaité ghallenging to achieve via total synthesis
[38,39]. In general, through the analysis of acpveducts [40-42], structural modification [43,44],
biological evaluation [45,46] and mechanism studly-{9], the deigned derivatives would show
better properties than the original forms and sofmiiem would serve as drug candidates. In our
previous work, a convenient method for the conweersirom oridonin to spirolactone-type
skeleton in quantitative yield was achieved by a#imh with lead tetraacetate, which could

provide enough starting materials for the medicgtatly of spirolactone-type derivatives [50-53].
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Small molecule donors have been widely used in diisgovery [54,55]. Hydrogen
sulfide (HS), like nitric oxide (NO) and carbon monoxide (CMps been recognized as a
gasotransmitter related to health and disease {h6lhe generation of endogenougSHs caused
by three important enzymes, cystathionyalgase (CSE), cystathionirfesynthase (CBS) and
3-mercaptopyruvate sulfurtransferase (MST), witlsteyne, homocysteine and cystathionine as
substrate [58,59]. Besides bioactivities in vascutame, blood pressure, ischemia-reperfusion
injury, atherosclerosis, angiogenesis and neuanimfhation [60-65], recent studies elucidated that
H,S showed moderate anticancer activity by inducialj apoptosis via EGFR/ERK/IMMP-2,
PISK/Ak/mTOR and p38 MAPK/ERK1/2-COX-2 pathways 6[@0]. Although HS plays
important roles in physiology and pathology, it cent be directly used in clinical treatment due to
uncontrollable dose and high toxicity. While thegSHlonors (including ADT-OH, thiobenzamide,
a-thioctic acid, GYY4137, persulfides etc. Fig. 28puld partially solve the problems which
release HS at relative slow rates [71-74].,8treleasing compounds also showed promising

properties and were instrumental for the exploratibdrug candidates [75-7Big.2B].

Based on the above, we used ®vitkaurane derivative2( 6) linked with two kinds of
H,S donors d-thioctic acid and ADT-OH) by ether bond and theonwerted them into
corresponding spirolactone-type derivatives. Thépedliferative effects of target compounds
were evaluated against chronic myelogenous leuk&®62, liver cancer Bel-7402, gastric cancer
SGC-7901, lung cancer A549, human normal liver La@8 normal peripheral blood mononuclear
PBMC cell lines. Furthermore, apoptosis related massm of the most potent compouizb
was also explored, including cell cycle progressepoptotic induction, mitochondria membrane

potentials decline and the expression of apoptetided proteins.
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Fig. 1. The structures of oridonin and natural spirolacttype 6,7seceentkaurane diterpenoids.
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2. Result and discussion
2.1. Chemistry

The whole synthetic route of,B-releasing derivatives is outlined in Scheme 1%¢iteme 2.
Intermediate?2 was obtained through addition of Jones reageselectively oxidize the 1-OH df
Treatment ofl with 2,2-dimethoxypropane and TsOH in anhydrousaaeeafforded derivativé,
then reaction with A®O/EN in DCM acquired derivative. And intermediat® was afforded via
deprotection in the presence of 10% HCI. The déviga 3 and 7 were prepared by lead
tetraacetate and sodium carbonate,(\@) in THF. The generated and5 were reacted with
corresponding anhydride under the condition of medhylaminopyridine (DMAP) and
triethylamine (TEA) in DCM at room temperature, waiigave derivativedOa-c and 15a-c in
guantitative yields. Then 43-releasing derivative8, 1la-c, 13 and 16a-c were obtained via
reaction of corresponding diterpenoid derivativeth D T-OH or a-thioctic acid in the presence
of DMAP and carbodiimide hydrochloride (EDCI). Hiyaspirolactone-type derivatived 12a-c,

14 and17a-b were achieved by oxidation using lead tetraacetateNaCOs; in THF.

Scheme 1. The synthetic route of intermediates. Reagents @ndlitions: (a) Jones reagent,
acetone, 0 °C, 0.5 h; (b) Pb(OACN&CO;, THF, 1t, 2 h; (c) 2,2-dimethoxypropane, acetone,

TsSOH, 56 °C, 1.5 h; (d) A®, TEA, DMAP, DCM, t, 5 h; (€) 10% HCI, THF, rt,h
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15¢ 0-CgH,

o 16a (CH,),

16b (CHo);

S, 16c 0-CgH,

17a-b | S 17a (CHy),
17b (CH,)3

Scheme 2. Synthesis of BS-releasing derivative8, 1lla-c, 12a-c, 13, 14, 16a-c and 17a-b.

Reagents and conditions: &}hioctic acid, EDCI, DMAP, DCM, rt, 12 h; (b) Pbi2),, N&CO;,
THF, rt, 2 h; (c) corresponding anhydride, TEA, DRIADCM, rt, 5 h; (d) ADT-OH, EDCI,

DMAP, DCM, rt, 8-12 h.

2.2. Biological evaluation
2.2.1 Antiproliferative activities and preliminaBAR

The antiproliferative activities of 14 target detiives 9, 1la-c, 12a-c, 13, 14, 16a-c and
17a-b), lead compound oridoninl), parental diterpenoids2,(3, 6 and 7) and HS donors
(ADT-OH and o-thioctic acid) were tested by MTT assay (5-Fu wasd as positive control).
Four human cancer and two normal cell lines welectsd to test their cytotoxicity. As shown in

Table 1, all derivatives displayed inhibitory adies against selected human cancer cell lines.

7
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Most derivatives exhibited more potent antiprobifiere activities than oridonin (Kg= 4.79-18.86
uM), and even than positive control (= 2.33-17.59M). Besides promising antiproliferative
activities, low cytotoxicity to normal cells wassal observed, which is a key character in
anticancer drug exploration. When the substituRowere alkyl groupsifla-b, 12a-b and16a-b),
their antiproliferative activities were more potéhén corresponding ones with aromatic groups
(11c, 12c and 16¢) and improved Igy values were observed with the extension of R grioup
Bel-7402 cells. It demonstrated that linear linkather than benzene ring was advantageous for
potency, and longer carbon bridge might contriiateuperior inhibitory effects. Compounéls

13 and 14 whose 14-OH directly incorporated witl-thioctic acid showed similarly
antiproliferative activities to corresponding datives (1a-b, 12a-b, 16a-b and 17a-b) which
coupled with ADT-OH through a carbon bridge. Conpgul-oxoentkaurane derivativesl{a-c)
with corresponding spirolactone-type derivativE®afc), stronger antiproliferative activities were
observed. But this phenomenon did not work in Iydated derivatives 16a-c and 17a-b).
Furthermore, among spirolactone-type derivativesxd derivatives 12a-c) showed more potent
activities than 1-acetylated derivative$74-b). Among them, compound2b showed the
strongest antiproliferative activities, with Cvalues of 1.01, 0.88, 4.36 and 5.2 against
K562, Bel-7402, SGC-7901 and A549 human cancer lagdls, respectively. Furthermore,
compoundl2b exhibited almost 24-fold less potent antiprolifara activities against L-02 (g =
20.82 uM) and PBMC (IGy = 19.85uM) normal cell lines, demonstrating selectivity weén

cancer and normal cell lines. Hence, compalfitiwas selected for further mechanism study.

Tablel
Antiproliferative activities (IGy uM) of 14 target derivatives, parental diterpenoasl HS

donors against four human cancer and two normklices.

Compound K562 Bel-7402 SGC-7901 A549 L-02 PBMC
1 4.79+0.12 8.31+0.29 7.87+0.36 17.80+0.18.68+1.28 >50
2 4.02+0.18 3.88+#0.18 16.54+0.3®.86+0.45 23.41+1.39 >50

3 3.26+0.16 4.67+0.25 19.48+0.94.31+0.40 29.70+1.07 >50
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11a
11b
11c
12a
12b
12¢c
13
14
16a
16b
16¢c
17a
17b
ADT-OH
a-thioctic acid

5-Fu

4.92+0.24

8.96+0.49

2.59+0.22

3.66+0.30

3.84+0.28

4.80+0.10

1.82+0.07

1.01+0.07

4.25+0.23

2.84+0.17

6.75+0.31

2.54+0.18

2.02+0.06

3.59+0.18

>50

2.56+0.19

3.52+0.31

3.04+0.23

5.34+0.27

1.38+0.12

0.88+0.05

3.26+0.14

2.25+0.16

4.58+0.24

2.87+0.08

1.94+0.12

11.43+0.74 7.68+0.35

15.26+1.08 9.73+0.52

3.27+0.21

>50

>50

4.59+0.37

>50

>50

6.45+0.37 13.47+0.23.36+1.25

49.84+2.5P7.44+1.52

>50

>50 >50

6.43+0.37 7.92+0.77 19.85+1.37>50

12.50+0.48.78+0.75

>50 29.62+1.31

6.59+0.26 4.38+0.17 21.02+113623+1.05

14.87+0.5F.69+0.40 42.64+2.63

4.24+0.25

4.36+0.20

5.93+0.33

6.02+0.20

10.04+0.399.89+0.81 36.47+1.32

5.54+0.42

5.21+0.25

7.45+0.38

8.65+0.36

>50

18.19+114458+1.26

20.82+112885+1.37

26.21+13H545+1.61

41.10+22$483+1.45

>50

5.49+0.14 6.34+0.41 23.24+148415+2.26

5.36+0.28 9.76+0.48 14.70+1.14>50

12.37+0.8516.66+0.70  >50 39.53+1.69

17.95+0.7627.53+1.21  >50 25.86+1.35

7.66+0.37 14.82+1.14 >50 30.65+1.41
>50 >50 >50 >50
>50 >50 >50 >50
>50 >50

4.02+0.22 17.59+0.866.38+0.32 2.33%0.12

4Cso. Half inhibitory concentrations measured by the Massay, the cells were incubated

for 72 h. The values are expressed as averageantlasti deviations of three independent

experiments.

2.2.2. HS release ability

H,S-releasing capability of all derivatives was tdsty the methylene blue (MBmethod.

As shown in Fig. 3, all derivatives could producgSHvith a peak time around 15-20 min. It was

obvious that those derivatives witirthioctic acid 9, 13 and 14) showed the highest ;8B

generating ability, while releasing characteristi€ghe derivatives with ADT moisties were not

varied significantly from each other, except fbfa and 17b. Interestingly, 1-oxo derivatives

usually produced more ;8 (0.2-1uM) than 1-acetylated derivatives. Two spirolactdye

9
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derivatives with acetyl group at C-17@-b) were found to release the lowestSH which were
consistent with their tempered antiproliferativéidties. Among other derivatives with ADT-OH,
spirolactone-type derivative$2a-c showed moderate 29 releasing ability while exhibiting
superior antiproliferative activities. Furthermore,contrast to the low antiproliferative effects,
those with phthalic anhydride linketlc, 12c and16c) generated more 43. Moreover, with the
increased length of R groups, stronger antipralifee effects could be found but with a small

reduction in HS generation.

—_———= 124 12h lip =— = =13 =——— 104

loe — 8 — 14 — = —17a — & — |7 1la * 11h & 11lc

H,8 (uM)

Time (mun)

Fig. 3. H,S-releasing ability of target compounds. The valaiesexpressed as averages of three

independent experiments.

2.2.3. Cell cycle analysis

Cell cycle is the basic process of cell life adtdg. An interruption of certain phase of cell
cycle leads to the inhibition of cell division asdppresses tumor growth. In order to demonstrate
the antiproliferative mechanism, the influence eh cycle of12b was tested and DNA content of
cell nuclei was measured via flow cytometry. Instlissay, Bel-7402 cells were treated with
different concentrations db (0, 0.45, 0.90 and 1.8M) for 48 h. Then stained with propidium
iodide (PI) for subsequent cytometry analysis. Cethated with DMSO were used as control. As
shown in Fig. 4, after treatment with 0, 0.45, O0z9@ 1.80uM 12b, the percentage of Bel-7402
cells at G1 phase achieved a substantial increase 30.95% to 37.37%, 42.30% and 49.56%,

10
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respectively. According to the resull2b led to a dose-dependent accumulation of Bel-7408 c

at G1 phase.
1 Control - 0.45pM
8 g
g G1:30.95% < ] G1:37.37%
1 G2:29.97% ™ G2:22.21%
5 $:39.09% 3 S:40.42%
- .3 ]
g { &
. L Y
o k0] 60 20 120 150 1} ki) 60 20 120
Channels (FL2-A) Channals {FL2-A)
0.90 uM g 1.80 uM
g ;
1 g ]
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E £
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" G2:19.81% g G2:15.91%
$:37.90% ] $:34.52%
& "\
o]

1] 30 120 1] 0 120

&0 a0 &0 &0
Channels (FL2-A} Channels {(FL2-A}

Fig. 4. Influence on Bel-7402 cell cycle @2b. After incubated witti2b (0.45, 0.90 and 1.80M)
or DMSO (control) for 48 h, Bel-7402 cells wereiséa with Pl and then cell cycle distribution

was analyzed by a flow cytometer.

2.2.4. The morphological analysis by Hoechst 332&a&ing

The deviant morphological changes in chromatin,lugiaog cell shrinkage, chromatin
condensation, the rupture of cell membrane andticéear fragmentation, indicate the occurrence
of apoptosis. Hoechst 33258 staining assay was tsdddicate apoptosis by fluorescence
microscope [80]. As shown in Fig. 5, contrast thigk control, Bel-7402 cells presented bright

blue chromatin shrink and nuclear fragmentatioerafteatment withl2b (0.45, 0.90 and 1.80

11
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uM). While control cells remained homogeneous nueigh deep blue color. The Hoechst 33258

staining assay revealed tH&b could induce apoptosis in Bel-7402 cells.

Control 0.45 pM
0.90 pM 1.80 uyM

Fig. 5. Hoechst staining of2b treated Bel-7402 cells. After treatment withb (0.45, 0.90 and
1.80 uM) or vehicle for 48 h, Bel-7402 cells were stainedblue color and probed by a

fluorescent microscope.

2.2.5. Cell apoptosis assay

Apoptosis is an important biological process ofgoamnmed cell death, which maintain
regular functions and activities of cells. But oancells could grow incessantly by suppressing
apoptosis. Thus, utilizing chemical agents induagdptosis in cancer cells is a potent therapeutic
method. In order to further confirm2b induced apoptosis in Bel-7402 cells, an annexin
V-FITC/PI binding assay was performed. Bel-7402Isca&lere treated witHl2b at indicated
concentrations (0, 0.45, 0.90 and 1,8@), then the percentage of apoptotic cells was oreas
by a flow cytometry. As shown in Fig. 6, after ibation with 12b for 48 h, apoptotic ratios
substantially rose from 2.77% of vehicle controllf6.65%, 27.47% and 55.32% for different
concentrations applied, respectively, in a doseeddpnt manner. The results indicated it

possessed the ability to induce apoptosis in BeR&ElIs.

12
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Fig. 6. Apoptosis effects of2b on Bel-7402 cells. Bel-7402 cells were treatech\iitb for 48 h

and analyzed via an annexin V-FITC/PI binding assay

2.2.6. Mitochondria membrane potential analysis
The maintenance of mitochondrial membrane potentjlays an important role in
mitochondrial integrity and biological function. tdchondrial changes, especially losing
mitochondrial membrane potentials, were significaménts taking place during drug-induced
apoptosis. Additionally, endogenous3Hwas recognized to induce apoptosis by activatieg
intrinsic mitochondrion-mediated pathways accordiogecent literatures [81]. The changes of
mitochondrial membrane potentials were measuredleva cytometry, in order to demonstrate
the influence ofl2b on mitochondria. Bel-7402 cells were incubated 48r h with different
concentrations ofi2b (0.45, 0.90 and 1.8QM) and vehicle control DMSO. Then cells were
treated with the cationic

lipophilic fluorescent ope

5,5,6,6-tetrachloro-1,13,3-tetraethylbenzimidazol-carbocyanine iodide (JCAR.shown in Fig.
13
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7, the percentage of cells with depolarized mitochia ranged from 1.28% of control to 18.48%,
30.96% and 58.59% in a dose-dependent manner.ifdicated thatl2b induced Bel-7402 cells

apoptosis via mitochondria related pathway.

Control 0.45 pM

TQ TQ

- 98.67% -

Lor) Lor)

= =3
T ol
Lo W] [t B
-l -t ™ 3
[V (V8 -

23 23

o 1.28% =)

9 T T T 4 9

100 10! 102 108 10 109
FLI-H

w o

= =

Lor) Lor)

= =3
T T
Lo W] [t B
-l -t ™ 3
[V (V8 -

23 23

L) L)

=2 =2

100 109

FL1-H

Fig. 7. Influence on mitochondrial membrane potential42if. Bel-7402 cells were treated with
12b for 48 h and then stained with JC-1. The chandesitochondrial membrane potentials were

analyzed by a flow cytometry.

2.2.7. Effects on apoptosis-related proteins

In general, apoptosis can be divided into two nmathways, intrinsic (the mitochondrial)
pathway and extrinsic (the death receptor) pathwsgyoptosis through intrinsic pathway is
usually mediated by a group of apoptosis relatatteprs. Bcl-2 family, an important protein
family including Bcl-2, Bcl-xL and Bax, adjusts tin@tochondrial membrane permeabization and

eventually leads to apoptosis. Bcl-2 protein isatiapoptotic protein and exerts inhibitory effects

14
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on proapoptotic proteins through mediating perniggtiransition pore. Bcl-xL protein exhibits
antiapoptotic effect by blocking the destructiomtifochondrial outer membrane caused by Bax.
In addition, it also plays an important role inlceécrosis. While Bax protein (proapoptotic
protein) can insert itself into mitochondrial outerembrane, uplift the permeabilization and
induce the mitochondria to release cytochran€aspase activation is also a key event in the
initiation and execution of apoptosis in cells. WVihe releasing of cytochrontg downstream
apoptotic protein caspase-9 is activated. Uporvatitin, caspase-9 cleaves procaspase-3 and
generates activated caspase-3 (cleaved caspase8Jyd and then cleaves poly(ADP-ribose)
polymerase (PARP), eventually causing the executibmpoptosis. In order to find out the
mediative mechanism of aforementioned apoptosi&eaelproteins behint?b induced apoptosis

in Bel-7402 cells, corresponding Western blot asialywas conducted. As shown in Fig. 8,
treatment with12b caused the increased expression of proapoptotic 8aaved caspase-3,
cytochromec and cleaved PARP and suppressed procaspase-3,, BERP and Bcl-xL. The
results revealed thd2b induced Bel-7402 cells apoptosis via mitochondrechanism mediated

by apoptotic related proteins.

Control 0.90 yM 1.80 uM Control  0.45puM 090 uyM  1.80 M
Bax — - - 21kDa PARP M —  — e 116kDa
cl- a  cleaves —— - — a
Bel-2 . . S (D, clcaved PARP 89KD:

Bel-xL - —— w 26kDa GAPDH -m 36kDa
cyto-c ——— S W

procaspase-3 v“ n 35kDa

cleaved caspase-3 - - - 17kDa

Fig. 8. Effects of12b on apoptosis-related proteins in Bel-7402 cells.

3. Conclusion
In this study, we designed and synthesized 13-tdleasing derivatives. The antiproliferative

activities of all derivatives were evaluated agaiiesir tumor and two normal cell lines. Most
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derivatives displayed more potent antiproliferatigetivities than oridonin. Among them,
compoundl2b showed the strongest antiproliferative effectshuCs, values of 1.01, 0.88, 4.36
and 5.21uM against K562, Bel-7402, SGC-7901 and A549 hunaarcer cell lines, respectively.
Additionally, 12b exhibited almost 24-fold less cytotoxicity agaihs02 and PBMC cell lines,
indicating good selectivity between cancer and mbreells. Hence, compouri®b was selected
for further mechanism study. The results demoreddréitat the strong apoptotic effectsi@b
were attributed to G1 phase cell cycle arrestapsi of mitochondrial membrane potential and
mediation between proapoptotic and antiapoptotmteims through mitochondrial pathway. In
conclusion,12b merits further investigation as a potential caatidfor anticancer therapeutics
due to high efficiency and selectivity.
4. Experimental
4.1. Chemistry

Chemicals and solvents were commercially availafleequired, further purification was
abided by standard methods. Oridonin was purchieed Nanjing Zelang Biology Technology
Co., Ltd with HPLC purity>98%'H NMR and**C NMR spectra were measured on a Bruker 400
or 600 MHz spectrometer in the indicated solvemfd$ as internal standard): the values of the
chemical shifts were expressedifppm) and the coupling constand$ ih Hz. Mass spectra were
recorded on an Agilent 1100 LC-MSD-Trap-SL. Higlsakition mass spectra (HR-MS) were
analyzed on Agilent Q-TOF B.05.01 (B5125.2).
4.1.1 General procedures to synthesize target davies

The preparation of ADT-OH was according to prevititeyature [82]. Oridonin (1 g, 2.76
mmol) was added in 20 mL of acetone and cooled°®©.@ones reagent (3.2 mL, 8.28 mmol) was
added dropwise and stirred at 0 °C for 0.5 h. Thaure was quenched by dropwise addition of
isopropyl alcohol (1 mL) and extracted with DCM @xmL). The combined organic layer was
washed with brine, dried over anhydrous,8@, and evaporated under reduced pressure to
produce the crude compoufd Oridonin (182 mg, 0.50 mmol) was added into 10 atketone,
then mixed with TsOH (43.1 mg, 0.25mmol), DMAP &O0mg, 0.25 mmol) and

2,2-dimethoxypropane (1.5 mL). The mixture waswefld for 1.5 h and then concentrated in
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vacuo to get compoundl 4 was dissolved in 5 mL DCM and mixed with 0.5 mLA,EDMAP
(catalytic amount) and 0.75 mL £@. After stirring at room temperature for 6h, egteal with
DCM (3x30 mL), washed with brine, dried over antouds NaSO,, and evaporated to give
compounds. 5 was added to 10 mL of 10% HCI/THF (1:1) and thieitsmn was stirred at room
temperature for 4 h. Through post-processed asidedabove, compourlwas got.

2 (108.6 mg, 0.3 mmol) was added in 5 mL anhydro@VDthen reacted witl-thioctic
acid (92.8 mg, 0.45 mmol) in the presence of EDI7I2(5 mg, 0.9mmol) and DMAP (7.4 mg,
0.06 mmol). The mixture was stirred at room tempeeafor 6 h and then extracted with DCM
(3%x30 mL), washed with brine, dried over anhydrbiasSO, and evaporated in vacuo. Compound
8 was obtained by purification with flash column amatography (MeOH/DCM 1:200, v/v).
Following the procedures described &icompoundl3 was prepared frorb.

Different entkaurane diterpenoid derivatives (1.5 mmol) wessdlived in 5 mL anhydrous
DCM and reacted with the corresponding anhydrid@ @mol), under the condition of TEA (1.04
mL, 7.5 mmol) and DMAP (91.6 mg, 0.75 mmol) for fJatroom temperature. Then extracted
with DCM (3x30 mL), washed with brine, dried ovethgdrous NgS0O, and evaporated in vacuo
to get intermediate$0a-c and 15a-c without further purification. Intermediatd®a-c and15a-c
(0.6 mmol) were dissolved in 5 mL anhydrous DCMycted with ADT-OH (135.6 mg, 0.6 mmol)
in the presence of EDCI (345.1 mg, 1.8 mmol) andAPM36.6 mg, 0.3 mmol). The mixture was
stirred at room temperature for 6 h and then etd¢tawith DCM (3x30 mL), washed with brine,
dried over anhydrous N8O, and evaporated in vacuo. Compourids-c and 16a-c were
acquired by purification with flash column chromgaphy (MeOH/DCM 1:300, v/v).

H,S-releasingentkaurane diterpenoid derivativ@s 11a-c, 13 and 16a-b (0.2 mmol) were
dissolved in 5 mL anhydrous THF, reacted with Pb¢RA0.7 mmol) and N&O; (1.6 mmol) at
room temperature for 3 h. The mixture was extragtgd DCM (3%x30 mL), washed with brine,
dried over anhydrous N80, and evaporated in vacuo to give correspondingeciproducts.
Spirolactone-type 6,8eceentkaurane derivative®, 12a-c, 14 and 16a-b were attained by

purification with flash column chromatography (Me@M 1:400, v/v).

4.1.1.1. Compouné. Pale yellow solid, yield: 42.1%H NMR (CDCk, 400 MHz),6 (ppm): 9.84
17
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(1H, d,J = 3.4 Hz, -CHO), 6.23 (1H, s, 17-G}15.95 (1H, s, 14-CH), 5.58 (1H, s, 17-§H4.82,
4.44 (each 1H, dJa = Js = 12.5 Hz, 20-Ch), 3.14 (1H, s, 13-CH), 2.56 (2H, m, 8-QH2.44
(2H, m, 2-CH), 2.26 (2H, m, 2'-Ch), 1.82 (1H, m, -Ch), 1.72-1.52 (7H, m, -C}), 1.48-1.36
(4H, m, -CH), 1.22 (3H, s, 18-CH,1.20 (3H, s, 19-CH); **C NMR (CDCk, 100 MHz),5(ppm):
209.10, 201.91, 197.82, 172.87, 166.49, 146.64,852073.71, 67.80, 61.50, 59.57, 52.43, 44.79,
41.63, 37.16, 36.02, 34.11, 33.54, 30.48, 29.68/7229.30, 28.60, 27.73, 26.37, 25.81, 23.99,

18.83; GgH350,S, MS (ESI)m/z calcd for [M+K] 587.2, found 587.3.

4.1.1.2. Compoundla. Orange red solid, yield: 26.29% NMR (CDCk, 400 MHz),é (ppm):
7.67, 7.24 (each 2H, d, = Js = 8.7 Hz, Ar-H), 7.41 (1H, s, 8"-CH), 6.24 (1H,1§/-CH,), 6.00
(1H, s, 17-CH), 5.61 (1H, s, 7-OH), 5.42 (1H, d= 11.8 Hz, 6-OH), 4.31, 4.02 (each 1HJd;
10.7 Hz, 20-CH), 3.76 (1H, ddJ = 11.7, 8.9 Hz, 6-CH), 3.10 (1H, d= 9.2 Hz, 13-CH), 2.88
(2H, m, 2'-CH), 2.69 (2H, m, 3'-Ch), 2.59-2.42 (2H, m, -C}), 2.38-2.29 (1H, m, -C}), 2.21
(1H, dd,J = 13.7, 4.7 Hz, -CH), 1.94 (2H, m, -G1.77-1.58 (2H, m, -C}), 1.31 (1H, m, -CH),
1.19 (3H, s, 18-Ch), 0.99 (3H, s, 19-CH); *C NMR (CDCL, 100 MHz),d (ppm): 215.46,
211.51, 204.87,170.71, 170.37, 153.49, 149.44,013629.21, 128.18 (x2), 122.88 (x2), 122.20,
96.85, 74.25, 73.46, 64.93, 61.38, 59.61, 50.6%4811.50, 38.31, 35.71, 33.37, 32.84, 30.50,
30.06, 29.37, 29.07, 23.16, 19.19; HRMS (E&l} calcd for GzH340.S; [M+Na]" 693.1257,

found 693.1289.

4.1.1.3. Compoundib. Orange red solid, yield: 29.5% NMR (CDCk, 400 MHz),é (ppm):
7.68, 7.22 (each 2H, d, = Jz = 8.68 Hz, Ar-H), 7.41 (1H, s, 8"-H), 6.26 (1H,15-CH,), 5.97
(1H, s, 17-CH)), 5.64 (1H, s, 7-OH), 5.41 (1H, d= 11.76 Hz, 6-OH), 4.31, 4.03 (each 1HJ g
10.64 Hz, 20-Ch), 3.77 (1H, ddJ = 11.5, 8.8 Hz, 6-CH), 3.10 (1H, d= 9.3 Hz, 13-CH), 2.65
(2H, td,J = 3.56, 7.4 Hz, 3'-C}}, 2.43 (2H, tJ = 7.16 Hz, 4'-CH), 2.22 (1H, ddJ = 13.5, 4.4 Hz,
-CH), 2.03 (2H, tJ = 6.84 Hz, 2'-CH)), 1.94 (2H, m, -CH), 1.78-1.60 (2H, m, -C}), 1.32 (1H, m,
-CH,), 1.19 (3H, s, 18-Ch), 1.00 (3H, s, 19-CH}; **C NMR (CDC}, 100 MHz),é (ppm): 215.47,
211.54, 204.85, 171.33, 170.89, 153.49, 149.48,013629.17, 128.20 (x2), 122.92 (x2), 122.14,

96.90, 74.15, 73.38, 64.95, 61.35, 59.68, 53.468%8.53, 41.55, 38.34, 35.73, 33.28, 33.14,
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32.85, 30.50, 30.05, 23.18, 19.55, 19.18; HRMS YEBk calcd for GsHz0eS; [M+Na]®

707.1414, found 707.1451.

4.1.1.4. Compoundic. Orange red solid, yield: 31.6%4 NMR (CDCk, 400 MHz),5 (ppm):
7.98 (1H, ddJ = 7.4, 1.7 Hz, 6'-H), 7.79 (1H, dd= 7.4, 1.7 Hz, 3"-H), 7.75 (2H, d,= 8.7 Hz,
Ar-H), 7.58 (2H, m, 4', 5'-H), 7.45 (2H, d,= 8.7 Hz, Ar-H), 7.44 (1H, s, 8"-H), 6.08 (1H, s,
17-CHp), 6.08 (1H, s, 14-CH), 5.42 (1H, s, 17-§H4.70 (1H, dJ = 10.8 Hz, 6-OH), 4.63 (1H, s,
14-CH), 3.85, 3.27 (each 1H, d= 9.6 Hz, 20-CH), 2.62 (1H, m, -Ch), 2.50 (1H, m, -CH),
2.28 (1H, m, -ChH)), 1.95-1.59 (5H, m, -C§), 1.51 (3H, s, 18-Ch), 1.28 (3H, s, 19-Ch}; °C
NMR (CDCk, 100 MHz),d (ppm): 215.51, 208.20, 202.90, 200.66, 171.77, 4455153.90,
148.55, 136.06, 131.76, 131.72, 131.68, 131.01,4530129.74, 129.40, 128.62, 128.28 (x2),
123.05 (x2), 120.08, 93.20, 74.23, 67.62, 60.9746849.52, 41.04, 40.86, 36.22, 33.85, 33.40,

29.64, 22.70, 18.19; HRMS (EStyz calcd for G:Hgi00Ss [M+H]* 717.1286, found 717.1288.

4.1.1.5. Compound2a. Orange red solid, yield: 21.8% NMR (CDCk, 600 MHz),é (ppm):
9.85 (1H, d,J = 3.4 Hz, -CHO), 7.66, 7.23 (each 2H,Jd,= Js = 8.6 Hz, Ar-H), 7.40 (1H, s,
8"-CH), 6.24 (1H, s, 17-Chi 6.04 (1H, s, 14-CH), 5.59 (1H, s, 17-§H4.82, 4.48 (each 1H, d,
Ja = Jg = 12.4 Hz, 20-Ch), 3.16 (1H, dJ = 7.6 Hz, 13-CH), 2.94 (1H, m, 2-GH2.81 (1H, m,
2'-CHp), 2.72 (2H, m, 3'-Ch), 2.60 (2H, m, 2-Ch), 2.48-2.35 (4H, m, -C}), 1.86 (2H, m, -Ch),
1.73-1.62 (4H, m, -Ch), 1.42 (2H, m, -Ch), 1.25 (3H, s, 18-Ch), 1.22 (3H, s, 19-Ch}; °C
NMR (CDCk, 150 MHz),é (ppm): 215.53, 208.90, 201.89, 197.81, 171.81, 63(1170.41,
166.62, 153.55, 146.63, 136.03, 129.19, 128.86,182¢<2), 122.95 (x2), 121.31, 74.13, 67.86,
61.26, 59.59, 52.52, 44.88, 41.53, 37.05, 36.2518430.63, 29.71, 29.53, 29.04, 28.99, 25.78,

18.81; HRMS (ESIyn/z calcd for GaHs,06S; [M+H]* 669.1286, found 669.1299.

4.1.1.6. Compound2b. Orange red solid, yield: 24.6% NMR (CDCk, 600 MHz),d (ppm):
9.86 (1H, dJ = 3.4 Hz, -CHO), 7.67, 7.23 (each 2H,Jd,= Js = 8.6 Hz, Ar-H), 7.41 (1H, s,
8"-CH), 6.25 (1H, s, 17-Chi 6.03 (1H, s, 14-CH), 5.59 (1H, s, 17-§H4.86, 4.48 (each 1H, d,
Ja =Jg = 12.4 Hz, 20-Ch), 3.16 (1H, dJ = 7.3 Hz, 13-CH), 2.65 (2H, m, 3'-GK12.60 (1H, m,

2'-CHy), 2.45 (2H, m, 4-Ch), 2.38 (1H, m, 2-Ch), 2.01 (2H, m, -Ch), 1.85 (1H, m, -Ch),
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1.69 (4H, m, -Ch), 1.43 (1H, m, -Ch), 1.25 (3H, s, 18-CH), 1.22 (3H, s, 19-Ch); °C NMR
(CDCl, 150 MHz),s (ppm): 215.51, 209.17, 201.95, 197.81, 172.48,471171.07, 166.64,
153.62, 146.60, 136.00, 129.09, 128.86, 128.20, (¥23.03 (x2), 121.07, 73.93, 67.85, 61.46,
59.65, 52.46, 44.85, 41.61, 37.15, 36.13, 34.188232.73, 30.55, 29.49, 19.40, 18.83; HRMS

(ESI)mvz calcd for G4H340S; [M+H] " 683.1443, found 683.1436.

4.1.1.7. Compound2c. Orange red solid, yield: 14.8%H NMR (CDCk, 600 MHz),6 (ppm):
9.86 (1H, d,J = 3.4 Hz, -CHO), 7.67, 7.23 (each 2H,Jd,= Js = 8.6 Hz, Ar-H), 7.41 (1H, s,
8"-CH), 6.25 (1H, s, 17-Chi 6.03 (1H, s, 14-CH), 5.59 (1H, s, 17-§H4.86, 4.48 (each 1H, d,
Ja =Jg = 12.4 Hz, 20-Ch), 3.16 (1H, dJ = 7.3 Hz, 13-CH), 2.65 (2H, m, 3'-GK12.60 (1H, m,
2'-CH,), 2.45 (2H, m, 4'-Ch), 2.38 (1H, m, 2'-Ch), 1.86 (2H, m, -ChH), 1.80-1.60 (5H, m, -C}),
1.44 (1H, m, -Ch)), 1.25 (3H, s, 18-Ch), 1.22 (3H, s, 19-CH); *C NMR (CDC}, 150 MHz),d
(ppm): 215.54, 208.89, 201.81, 197.76, 171.74,4%6166.16, 153.81, 146.70, 136.09, 132.37,
131.80, 131.49, 130.28, 129.97, 129.74, 129.43,162928.28 (x2), 123.02 (x2), 121.37, 74.87,
67.86, 61.24, 59.64, 52.69, 45.16, 41.50, 37.08664.18, 30.69, 29.61, 25.73, 18.80; HRMS

(ESI)m/z calcd for GH3,06S; [M+Na]* 739.1106, found 739.1110.

4.1.1.8. Compound3. Pale yellow solid, yield: 19.8%H NMR (CDCk, 400 MHz),6 (ppm):
6.15 (1H, s, 17-Ch), 5.80 (1H, s, 14-CH), 5.51 (1H, s, 17-§H4.63 (1H, g, = 10.6 Hz, 1-CH),
4.26, 4.18 (each 1H, d, = 10.6 Hz, 20-Ch), 3.78 (1H, brs, -OH), 3.17 (1H, d,= 9.7 Hz,
13-CH), 2.53 (1H, dq] = 6.4, 12.6 Hz, 8'-CH), 2.44 (1H, dt= 6.4, 12.6 Hz, 8'-CH), 2.30 (3H, t,
J=75Hz, 2, 7-CH, -Cp), 1.99 (3H, s, -Ch), 1.93-1.23 (20H, m, -C}, 1.12 (6H, s, 18,
19-CH;); *C NMR (CDCE, 100 MHz),6 (ppm): 206.21, 171.81, 169.87, 149.37, 120.47,®6.1
76.40, 75.37, 73.77, 63.53, 61.48, 60.24, 56.216%341.33, 41.04, 40.21, 39.75, 38.47, 38.13,
34.45, 34.35, 33.58, 32.36, 30.20, 28.54, 25.1B3R4L1.54, 17.96; HRMS (ESiVz calcd for

CsoH10sS, [M+Na]" 617.2219, found 617.2204.

4.1.1.9. Compound4. Pale yellow solid, yield: 39.1%H NMR (CDCk, 400 MHz),5 (ppm):
9.79 (1H, dJ = 4.7 Hz, -CHO), 6.23 (1H, s, 17-GK5.79 (1H, s, 14-CH), 5.59 (1H, s, 17-gH

5.10, 4.76 (each 1H, dy = Js = 12.5 Hz, 20-CH), 4.63 (1H, m, 1-CH), 2.98 (1H, d,= 7.4 Hz,
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13-CH), 2.31-2.24 (2H, m, -G# 2.23 (2H, tJ = 4.4 Hz, 2'-CH), 2.10 (3H, s, -Ch), 2.06 (2H,

m, -CHp), 1.96-1.76 (4H, m, -Cpj, 1.71-1.31 (10H, m, -C#}, 1.21 (3H, s, 18-Ch), 0.99 (3H, s,
19-CHy); 3C NMR (CDCE, 100 MHz),d (ppm): 202.41, 196.99, 172.60, 170.37, 166.59, TA6.
121.45, 74.44, 72.23, 66.34, 62.68, 62.60, 61.08% 55.42, 53.44, 45.63, 43.57, 42.16, 39.31,
35.46, 34.01, 32.86, 29.96, 28.69, 27.75, 23.9B2R1.44, 17.45; £5H0sS, MS (ESI) m/z

calcd for [M+K]" 631.2, found 631.3.

4.1.1.10. Compounti6a. Orange red solid, yield: 18.8%4 NMR (CDCk, 400 MHz),d (ppm):
7.68, 7.24 (each 2H, da = Js = 8.6 Hz, Ar-H), 7.40 (1H, s, 8"-CH), 6.14 (1H,1-CH,), 6.08
(1H, d,J = 10.8 Hz, 6-OH), 5.93 (1H, s, 14-CH), 5.50 (1H13-CH), 4.63 (1H, dd) = 11.1, 5.5
Hz, 1-CH), 4.30, 4.20 (each 1H, 3, = Jg = 10.6 Hz, 20-Ch), 3.91 (1H, brs, -OH), 3.77 (1H, dd,

J =10.3, 6.9 Hz, 6-CH), 3.14 (1H, d,= 10.0 Hz, 13-CH), 2.90 (2H, m, 3'-G{2.72 (2H, m,
2'-CH,), 2.52 (1H, m, -CH), 1.78 (1H, m, -Ch), 1.48 (2H, m, -Ch), 1.37-1.29 (4H, m, -C}),
1.99 (3H, s, -Ch), 1.13 (6H, s, 18,19-Ci}t *C NMR (CDCk, 100 MHz),5 (ppm): 215.53,
206.10, 171.57, 170.72, 170.19, 169.84, 153.45,424936.06, 129.30, 128.17(x2), 122.84(x2),
120.74, 95.91, 75.78, 75.36, 74.37, 63.59, 61.918% 53.87, 41.18, 39.79, 38.16, 33.57, 32.46,
30.27, 29.70, 29.41, 29.07, 25.15, 21.65, 21.52038HRMS (ESI)m/z calcd for GsH3g010S:

[M+Na]* 737.1525, found 737.1534.

4.1.1.11. Compountiéb. Orange red solid, yield: 23.4%4 NMR (CDCk, 400 MHz),d (ppm):
7.68, 7.22 (each 2H, dx = Jg = 8.7 Hz, Ar-H), 7.40 (1H, s, 8"-CH), 6.17 (1H,19-CH,), 6.08
(1H, d,J = 10.6 Hz, 6-OH), 5.89 (1H, s, 14-CH), 5.52 (1H13-CH), 4.63 (1H, ddJ = 11.2, 5.6
Hz, 1-CH), 4.30, 4.20 (each 1H,3i, = Jg = 10.6 Hz, 20-Ck), 4.09 (1H, brs, -OH), 3.78 (1H,4,

= 7.7 Hz, 6-CH), 3.16 (1H, d,= 9.9 Hz, 13-CH), 2.65 (2H, td,= 7.3, 2.5 Hz, 3'-C}), 2.44 (2H,

t, 2-CHy), 2.01 (3H, s, -Ch), 1.78 (1H, m, -Ch), 1.48 (2H, m, -Ch), 1.38-1.28 (4H, m, -C}),
1.13 (6H, s, 18,19-Cht *C NMR (CDCE, 100 MHz),5 (ppm): 215.52, 206.11, 171.64, 171.32,
170.72, 169.86, 153.44, 149.43, 136.04, 129.23,20282), 122.89(x2), 120.64, 95.98, 75.85,
75.36, 74.13, 63.58, 61.62, 59.97, 53.78, 41.18/63%8B8.13, 32.43, 30.25, 25.16, 21.61, 21.55,

19.59, 18.08; HRMS (ESHvz calcd for GgHadO10S: [M+Na]” 751.1682, found 751.1649.
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4.1.1.12. Compountiéc. Orange red solid, yield: 13.1%4 NMR (CDCk, 400 MHz),d (ppm):
7.95 (1H, m, 6'-H), 7.75, 7.43 (each 2HJg= Jg = 8.6 Hz, Ar-H), 7.72 (1H, m, 3-H), 7.62 (2H,
m, 4'-H,5'-H), 7.40 (1H, s, 8"-H), 6.07 (1H, s, HP 6.07, 5.39 (2H, s, 17-GH 4.65 (1H, m,
1-CH), 4.32, 4.21 (each 1H, d8= 10.6 Hz, 20-H), 4.00 (1H, brs, -OH), 3.78 (1H,8rCH), 3.37
(1H, d,J = 9.7 Hz, 13-CH), 2.01 (3H, s, -GH 1.78 (1H, m, -CH), 1.49 (2H, m, -C), 1.39-1.30
(4H, m, -CH), 1.13 (6H, s, 18,19-CHt **C NMR (CDCk, 100 MHz),5 (ppm): 215.52, 206.12,
171.51, 169.85, 166.02, 164.77, 153.65, 149.41,1836.32.60, 132.45, 131.53, 129.82, 129.60,
129.54, 129.04, 128.22 (x2), 123.03 (x2), 120.5603, 75.36, 74.22, 63.62, 61.74, 60.04, 53.94,
40.69, 39.82, 38.16, 33.58, 32.44, 30.26, 29.70,2%21.63, 21.57, 18.10; HRMS (E&#jz calcd

for CsgH3g010S: [M+Na]” 785.1525, found 785.1526.

4.1.1.13. Compounti7a. Orange red solid, yield: 7.5% NMR (CDCk, 400 MHz),é (ppm):
9.85 (1H, dJ = 3.4 Hz, -CHO), 9.79 (1H, d,= 4.6 Hz, -CHO), 7.66, 7.23 (each 2HJd,= Js =

8.7 Hz, Ar-H), 7.39 (1H, s, 8"-CH), 6.23 (1H, §-CH,), 5.81 (1H, s, 14-CH), 5.59 (1H, s,
17-CH), 5.11, 4.76 (each 1H, d, = Jg = 12.4 Hz, 20-Ch), 4.63 (1H, m, 1-CH), 3.02 (1H, d=

7.7 Hz, 13-CH), 2.93 (1H, m, 2'-GH 2.82 (1H, m, 2-Ch), 2.73 (2H, m, 3'-Ch), 2.33-2.23 (2H,
m, -CH), 2.10 (3H, s, -Ch), 1.90 (2H, m, -Ch), 1.71-1.49 (6H, m, -C§), 1.21 (3H, s, 18-C}),
1.01 (3H, s, 19-CH; **C NMR (CDCE, 100 MHz),s (ppm): 215.50, 202.31, 196.82, 171.71,
171.22, 170.40, 166.68, 153.57, 146.77, 136.01,1829.28.15 (x2), 122.87 (x2), 121.87, 74.55,
72.59, 66.44, 62.35, 59.80, 45.69, 43.58, 41.99143B4.04, 32.90, 29.94, 29.21 (x2), 24.09 (x2),

21.41, 17.53; HRMS (ESHvz calcd for GsHagO10Ss [M+H] * 713.1549, found 713.1546.

4.1.1.14. Compounti7b. Orange red solid, yield: 10.1%4 NMR (CDCk, 400 MHz),d (ppm):
9.80 (1H, d,J = 4.7 Hz, -CHO), 7.67, 7.22 (each 2H,Jd,= Js = 8.6 Hz, Ar-H), 7.41 (1H, s,
8"-CH), 6.26 (1H, s, 17-C}| 5.83 (1H, s, 14-CH), 5.60 (1H, s, 17-gH5.12, 4.77 (each 1H, d,
Ja = Jg = 12.4 Hz, 20-Ch), 4.64 (1H, m, 1-CH), 3.01 (1H, d,= 7.7 Hz, 13-CH), 2.65 (2H, m,
4'-CHp), 2.45 (2H, m, 2'-Ch), 2.28-2.22 (2H, m, -Ch), 2.13 (1H, s, -Ch), 2.10 (1H, dJ = 4.8
Hz, -CH), 2.03 (2H, m, 3-C}), 1.22 (3H, s, 18-C§}, 1.01 (3H, s, 19-CH; *C NMR (CDC},

100 MHz), § (ppm): 215.54, 202.34, 172.13, 171.04, 170.46, 1%6153.62, 146.80, 136.01,
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128.17 (x2), 123.00 (x2), 121.70, 74.53, 72.2646662.49, 59.89, 45.69, 43.59, 42.09, 39.43,
34.04, 32.97 (x2), 29.96, 29.71, 23.93 (x2), 2149445, 17.52; HRMS (ESInz calcd for

CaeH3g010S3 [M+H]" 727.1705, found 727.1703.

4.2. MTT assay

The antiproliferative activities were examined ke tMTT assay following the method
described previously. All selected cell lines wareubated with target compounds for different
concentrations (64, 16, 4, 1, 0.25, 0.0625 and3&P3uM) through a standard 96-well plates.
After 72 h, MTT solution (20 mL, 5 mg/mL) and DMSQ@50 mL/well) were added, then
incubated for 10 min at room temperature. Aftett,tti@e absorbance (OD) data of each well at
490 nm wavelength were measured by a Microplatal&e@I1O-RAD). Four human cancer and
two normal cell lines were selected for the asaag, half inhibition rates (I§g) were calculated.
4.3. S release experiment

Sodium phosphate buffer was used to prepare tlo& stiution of NaS (20 mM) in 100 mL
volumetric flask. Aliquots of N stock solution were transferred into a 50 mL w@dtric flask
to obtain standard solutions of 5, 10, 20, 40,880,100 and 15QM, respectively. 1 mL of each
standard solutions were added to react with théytexie blue (MB) cocktail (200uL of 30 mM
FeCk in 1.2M HCI, 200uL of 20 mM N,N-dimethyl-1,4-phenylenediamine sulfate in 7.2M HCI
and 100uL of 1%w/v of Zn(OAc} in H,O) at room temperature for 20 min in a triplicatenmer
[83]. The mixture was measured at 670 nm in UV-$feectrophotometer and then the,8la
calibration curve was obtained. In order to promotempounds to release,$ TCEP or
L-cysteine was used as an accelerator. All compeuvete dissolved in THF solution (40 mM)
and added into phosphate buffer in the presenceC&EP or L-cysteine (1 mM). Then 2 mL
mixture was transferred to colorimetric cuvette tagring methylene blue (MB cocktail in
designated time. After 20 min incubation, the abance of each compound was analyzed by
UV-Vis spectrophotometer at 670 nm. TheSHconcentration of each derivative was calculated
through standard curve.
4.4. Cell cycle analysis

Effects of 12b on cell cycle arrest in Bel-7402 cells were testad DNA content of cell
23
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nuclei was measured via flow cytometry [84]. BeBZ4cells were incubated in 6-well plates at
37 °C for 24 h. Therl2b was dissolved in DMSO and joined cell culture witbsignated
concentrations in triplicate manner. While DMSO waed as control. After 48 h incubation, all
cells were centrifuged and fixed with 70% ethartod 8C overnight and suspended again in PBS
mixed with 100 mL RNase A and 400 mL PI. Cell cydistribution of DNA content was
evaluated via flow cytometer (FACS Calibur Bectoickinson, Franklin Lake, NJ, USA).
4.5. Hoechst 333258 staining

Hoechst 33258 staining assay was used to obsezvadiphology change of nuclei. Bel-7402
cells were cultured in 6-well plates at 37 °C watimL medium. After 24 h of incubatiof2b of
designated concentrations (0, 0.45, 0.90 and iMpPwas added for another 48 h incubation.
Cells were harvested by mild trypsinization, cdketby centrifugation and washed twice with
PBS. After that, 50Q.L of Hoechst mixture (2 mg/mL) in PBS was added I6rmin at room
temperature in darkness in order to stain aforeiowed cells. Finally, cells were washed by PBS
and assessed via a fluorescence microscope.
4.6. Cell apoptosis assay

Bel-7402 cells were treated with designated comagahs of12b (0, 0.45, 0.90 and 1.8§M)
for 24 h incubation in 6-well plates. Then, cellsres washed twice with PBS and suspended in
annexin V binding buffer. The mixture was incubateith V-FITC and Pl at room temperature
for 15 min in dark. After that, cells with doubl&ming were analyzed by flow cytometry to
detect apoptotic cells.
4.7. Mitochondrial membrane potential assay

Bel-7402 cells were cultured in 6-well plates wiiiferent concentrations df2b (0, 0.45,
0.90 and 1.8@M) for 48 h, then washed with PBS and stained \MIR1 at room temperature in
darkness. A flow cytometry was used to measuratneber of cells with collapsed mitochondrial
membrane potentials.
4.8. Western blot assay

Bel-7402 cells were treated witt?b (0, 0.45, 0.90 and 1.80M) in triplicate for 48 h.

Following the measurement of protein level, sodigimdecyl sulfate polyacrylamide gel
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electrophoresis (10% gel, SDS-PAGE) was appliesptid each cell lysates, and then transferred
onto nitrocellulose membranes. Afterwards membramee blocked with 5% of nonfat milk,
incubated with monoclonal antibodies for 12 h &4 Then washed with TBST, incubated with
appropriate second antibodies and followed by cheninescence detection [85]. Protein
visualization was analyzed by Keygen ECL systemy(®eN Biotech, Nanjing, China) while
resulting images were obtained by Clinx ChemiScapemiluminescence imaging system.

ChemiScope analysis program was used to gainwelafitical densities for individual protein.
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Highlights

*H,S donatingent-kaurane and spirolactone-type derivatives wer¢hggived.

«12b showed potent antiproliferative effect against-B402 cells.

«12b arrested Bel-7402 cell cycle at @hase and induced mitochondria dysfunction.
«12b regulated the expression of apoptosis-relatedprat



