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Antitumor effect of alpha isomer of anordrin ir wviiro and

cell cycle arrest at G, phase
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ABSTRACT  Alpha isomer of apordrin { 2e, [Te-di-
ethyl-A-norandrostane-28, 17g-diol dipropivnate, o
Ano) whibited monse hepatoma (Hep A} and P388 cell
a-Ano (20 pg-mt~!) inhibited the in-
corporation of ["H] uridine and ['H] thymidine into
EMA and DNA wuthin 3 h, bur the inhibition of L-
" *H]lysine incoporating into protein was not obvious.
u-Ano had no effect un the DNA-dependent ENA
s¥nthus with purified nucler of Hep A cells. Tt is sng-
gested that the inhibition of RNA and DNA syntheses
s the majr cause ol the cytostatic effect. e-Ano
blocked the P388 cells at G, /G, phase, and the delay in
{r /v S phase rransition plays an important role in
the inhibinion of P388 cell growth.
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Anordrin has been used as a contracep-
tive'’ . Tt was proved that the alpha isomer of
anordrin could produce obvious antitumor ac-
tion on some experimental tumors in witro and
in vivo. while the beta isomer had no effect * .
The drug might be clinically useful for anti-
cancer treatment because of its therapeutic ac-

tion and low toxicity. In the present work.,
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we investigated the mechanism of the anti-
cancer action of alpha isomer of anordrin.

MATERIALS AND METHODS

Materials
Nov 19 Pharmaceutical Factory.

Anordrin was prodnced by Shanghat
It is a muxture of al-
pha and beta isomers. and the alpha 1sumer {a-Ano)
was isolated and purified by low pressure column chro-

13

matography of aluminum oxide in cur institute o-
Anoc was initially dissolved in absolure ethanol ¢the fi-
nal concentration of ethanol was below 0.1%) and
stored at 4 ', nsed within 2 wk of preparation.  [H]
TdR (8§50 TBg mol™J). ["H]UR (780 PBg~mot™'1,
and ("H]JATP (960 PBq=mol™') were purchased from
Shanghar Institute of Muclear Research, Chinese A-
cademy of Sciences. . L-["H]Lys (3070 PBq-mol™'?
was Amersham products and propidium indide (PI)
was Sigma prodnct. KMNase A was purchased from
Shanghai Tnstitute of Biochemistry. Chinese Academy
of Sciences.

Cell culture Mouse hepatoma (Hep A) and P3R8
cells were routinely cultured in RPMI 1640 supple-
mented with 104 FBS, penicillin (100 I{J+*ml~'>, and
strepromycin (100 mg~L"').
37 C in 5% CQ,.

Cell growth determination Cells were seeded ar 4
- [ /well in 96-weH plates. and treated with o-Ano

Cells were cultured at

at the appropriate concentrations. They were counted
with a hemoucytomerer at different time intervals in cul-
ture. Trypan blue exclusion was used as an indicator
of viability.

Radioactive precussors incoporation assay Hep A
cells were obtained from mice bearing ascites hep-
atoma, and washed with PBS rwice. Suspension of 1
= [0° Hep A cells in 1 ml RPMI 1640 (10% FBS) was
incubated at 37 C in a 5% CO; avmosphere. 30 min pri-
or to harvest, ["H]TdR (74 kBg-ml~'), ["H]JUR (37
kBg+mi™') or L-["H]Lys (74 kBg-ml~!) was added.
TCA 10% was used 10 terminate the reaction. The
mixture was filtered and washed with 5% TCA 3
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times. the filters were dried, and radicactivity was

measured in 5 m! of scintillator using a RackBeta Spec-

Each rime
the average triplicate determinations was plocted.

DNA-dependent RMA synthesis in isolated nuclei

As described in the literature™’, RNA synthesis was

tral Model 1219 liquid seinrtillation counter.

assayed in witre with a medium of Tris-HCl (50
mmol <174 pH 7. 9, Mg{Ac).(5 mmol-L~'), KCl ¢1
mmol-L~), glycerol (20%). 2-mercaptoethanal (12
mmol-L™ '}, each of GPT, UTP, CTP | mmol«L~!,
ATP (0.0]1 mmol-L7%), [PHJATP (14.8 MBy
+ml™" % The reaction was mitiared by the addition of
nuclei containing DNA (2 mg+ml™'),.  As described in
the licerature’™ . the nuclei were isolated {rom murine
ascites hepatoma (Hep A) as the source of DNA tem-
plate and RWA polymerase. The reaction mixture was
incubated at 25 C for 30 min. RNA synthesis was ter-
minated by che addition of 2 m! 5% TCA. Other pro-
cedures were the same as in the incorporation assay.

Flow cytometry P338 cells were seeded in RPMI
1640 supplemented with 10% FBS. After the anor-
drin exposure, cells were separated from the medium
by centrifugation and washed with PBS. Cells were
fixed with 10 ml 70% ethanol at 4 ¢ {or ar least 12 h.
Cells were treated with RNase A (40 mg-L.~') for 30
min at 37  , and then srained with PI (50 mg-L"!) {or
30 min in the dark. The PI stained nuclei were ana-
lyzed using a FACSrar PLUS (Becron Dickinson)
equipped with the Cellfir DNA analysis software pack-
age.  The disiribution of cells in G, /G, §. and G,/M
Ihases of the cell cycle was derermined by the sum of
broddened rectangles method.

Statistics
ated hy r rest.

Data were expressed as T+ s and evalu-

RESULTS

_Growth of Hep A and P388 cells Contin-
uous treatment of Hep A and P388 cells with
a-Ano reduced the cell growth depending upon
With «-Ano 1
mg - L.7"'. a growth lag was seen in Hep A
cells, and (10 mg*L~') caused a total cessa-
tion of growth of Hep A cells. P388 cells ex-
hibited a similar sensitivity to «-Ano (Fig 1).

Macromelecular synthesis *© With various
concentration of a-Ano, Hep A cells were

the drug concentrations.

-
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Fig 1. Effects of c-anordrin on growth of mouse hep-
atoma (Hep A) and leukemla P388 cells.

incubated with [*H]TdR, [*H]UR. or I-[*H]
Lys. and the incorporation was assayed as ra-
dicactivity in the acid-precipitable fraction.
With a-Ano 20 mg+*L™!, an inhibition of DNA
and RNA syntheses was ohserved (P<I0. 05),
but the inhibition of protein synthesis was not
significant. At various time intervals (0.5,
1, 3 h} after a-Ano (20 mg+L ™'} treatment,
the inhibitions of DNA, RNA, and protein
The inhibition of RNA
and DNA syntheses appeared almost immedi-

were shown in Tah 1.

ately after drug exposure. At 3 h after a-Ano
treatment, RNA and DNA were inhibited by
84% and 46% respeetively. while the protein
synthesis did not show any obvious change.
The inhibition of RNA sythesis was more
marked than that of DNA synthesis (P <
0. 0453,

RNA polymerase activity The effect of
a-Ano on the DNA-dependent RNA synthesis
was studied using isolated nuclei from Hep A
cells (Fig 2}, As a control. dactinomycin at 5
mg*L.7" inhibited the RNA synthesis. a-Ano
(20—80 mg+1.7"), inhihited the RNA synthe-
sis of Hep A cells, did not exert a proncunced
influence on the RNA polymerase activity.

P388 cell cycle distributions After o
Ano (10 mg-L.7'), the accumnulation of cells in
G/Gq was remarkable (P<(0. 05}, increasing
from a contral value of 31% to 47% at 48 h,
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Tab 1.
atoma cells. x+s.

J

Effects of c-anordrin on incorporatiots of “H precorsers into DNA. RNA. and protein of mouse hep-
"P>0. 05, *P<0.05, “P<0. 0l us control.

n=nomber of experiments.

107 % Incorporation radicactivity /dpm

a-Anordrin n [*H]TdR [HIUR - L-["H]Lys
Concenrration
0 mg-L~" 4 13.941.2 2817 2.6210. 28
i i 13.3+1. 3° topdta 2. 810 4°
24 4 9.4t1.I° 13.41+2. 4% 2.78t2. 9
60 4 3.440.6° 4. 3+1. 9 1.734+0.13"
120 4 2,43+ 24° 1. 740, 6° 1.5240. 28
Exposure time
¢ h 3 16311 4 26+ 3 2.5010. 27
&5 3 g.1+1.1° g.2+2. ¢ 2.24+0. 3
1.0 3 11.141. 8° B4 2.2+0. 3
30 3 g+ 5" 4.0+ 0. 6% 2.04+0. 4

while the S phase cells decreased from 2% to
45% ., but the fraction of cells in the G,/M
phase remained neacly constant (Fig 3). In
another experiment, exposure for 12 h with a-
Ano caused an increase in G,/ Gy cells and a de-
crease in S feaction (P<C0.05). When a-Anc
was removed, the fraction of G,/G, was de-
ceeased. while that of S cells increased (Fig
3). These cesults suggested that after re-
moval of a-Ano the G,/G, cells could progress

te S phase. Thus. the continucus presence of

O Control
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Anordrin 4

L

107! X Radioactivity/dpm

Z‘/g

Dacrinpmycin 1'

o 20 b &0 170 780
Concentration/mg » L™
Fig 2. Effects of c-amordrin and dectinomycln on

[*HJATP incorporating Into RNA in isolated noclel of
mouse hepatomn cells. »=2 experiments.

a- Ano was requiced for the G, /G, phase block.,
and the G,/G, arrest was reversible.

DISCUSSTON

The experiment of in vitro DNA-depen-
dent RNA synthesis suggested that RNA poly-
The
mechanism of the inhibition ¢f RNA synthesis

merase was not the target of the drug,

of Hep A cells remains to be further elucidat-
ed. In our another expeciment using calf thy-
rmus DNA by means of circular dichroism spec-
tea (CD) method. it was proved that a-Ano
could not affect the DNA template. 1t has
been reported™ that cytotoxic drugs affecting
DMA template could cause the inhibition of
DM A-dependent RNA synthesis. The present
work showed that DN A template was not the
target of a-Ano.

a-Ano could induce the alteration in cell
cycle kinetics. 1t has been demonstrated that
the delay in progression of cells through G, /G,
phase played an important role in the cessation
of cell- division. The reversibility of G /G, ar-
rest can explain the fact that «-Ano is not a
potent cytotoxic agent, but a cancer cell

growth inhibitor. It is known that drugs
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Fig 3. A. Numher of célls in G,/G,, S and G;/M

phases during continuoos exposure to o-anordrin 10
mg-L~'. Control n=5; 24, 48. 72 h, all 2s 0 h. r
=3 Xts “P>0.05 “*P<0.05, "P<(. 0l
After" 12 h of treatment with a-anordrin 10 mg-L~'.
the cells were placed o normal mediom. n=3, x+s.

"P>0.05, "P<0.05, ‘P<<0.01; 1Zhos 0 h. The
24hand 36 h vs 12 h.  (rR=number of experiments).

affecting calmodulin. protein kinase C, estro-
gen receptor. and other intracellular proteins
can cause the arrest in G, phase. We have
proved that a-Ano is a calmodulin antagonist
in red blocd cells. Calmodulin might be one
of the targets of the drug’s antiproliferative ef-
fect. Contraceptive studies showed a-Ano has
a estrogen receptor binding affinity similar to
tamoxifen®™. It might be valuable to study
the drug’s anticancer effect in estrogen recep-
tor or progestin receptor positive human can-
cer cell lines. ‘
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