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Abstract-The e&t of nafoxidinc and tamoxifcn on HeLa cells is reported in this study. The 
two antiestrogens showed no c$kt on HeLa cells when grown in the presence of fetal calf serum, 
the cytotoxic eflects were obserued only under serum-free conditions. BSA also protected the HeLa 
cells from antiestrogen ejjkts. The effect of nafoxidine and tamoxtfen on dtfferent established 
cell lines and a primary culture of rat skin fibroblasts has been studied. 

INTRODUCTION 
THE MECHANISM of non-steroidal antiestrogens is 
not well understood yet. Different cell populations 
show varied responses to the antiestrogens [l, 21. 
Antiestrogens inhibit the binding of estrogens to 
their receptors on the cell and the inhibition is 
reversible and competitive [3]. They also inhibit the 
synthesis of new estrogen receptors in the uterus 
[4]. Due to their competitive binding to the estrogen 
receptors, these compounds have been used as 
antitumor agents for different types of mammary 
cancer [5,6]. Their effects on several other carci- 
nomas like those of colon, rectum, stomach, kidney 
and bladder and a melanoma have been investigated 
[7]. Nafoxidine has also been shown to possess 
antitumor activity against an ascitic hepatoma [8]. 
Tamoxifen and its hydroxylated metabolite 
inhibited the proliferation of MCF-7 cells; this 
inhibition is mediated through the estrogen recep- 
tors 191. At higher concentrations of tamoxifen, the 
inhibition was not reversed by estrogen. 

Antiestrogens cause hypertrophy of luminal cells, 
the inhibiton of cell proliferation and an increased 
rate of cell death in rat uterus [lo]. In this paper 
we have tested the effects of tamoxifen and nafoxid- 
ine on a human cervical carcinoma cell line, HeLa, 
in vitro under serum-free conditions. 

MATERTAIS AND METHODS 

Materials 
Nafoxidine and tamoxifen were gifts from Upjohn 
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Co., U.S.A. and ICI Pharma, France respectively. 
DMEM was from Himedia, Bombay and FCS from 
Seralab, U.K. Fibronectin, insulin, transferrin and 
estradiol-17B were purchased from Sigma, U.S.A. 

Cell lines 
HeLa, Vero and CHO cells have been obtained 

from NIV, Pune. Meth A and L-929 cells are 
from NIH, U.S.A. and SV-40 transformed mouse 
fibroblast (MKSV) cells are from Villejuif, France. 
Primary cultures of rat skin fibroblasts (RSF) were 
prepared in our laboratory after the enzymatic 
dispersion of neonatal rat skin with collagenase 
and trypsin. All the above cell lines are regularly 
maintained in, DMEM containing 5% fetal calf 
serum and penicillin ( 100 IU/ml) and streptomycin 
(50 pg/ml) under standard culture conditions. 

HeLa cells were also grown under serum-free 
conditions and the medium contained DMEM, 
fibronectin (1 p,g/ml), insulin (1 pg/ml) and trans- 
ferrin (100 pg/ml). Under these conditions HeLa 
cells show the same growth pattern as in the pres- 
ence of 5% FCS containing medium. 

Incorporation of 3H-thymidine 
Cells, 5 X lo4 cells/ml, were incubated in 24- 

well Linbro plates (Flow laboratories) in DMEM 
containing different concentrations of FCS. Cells 
were treated with 3H-thymidine, 2 &i/ml (BARC, 
Bombay) and incubated for 12 hr. After incubation 
the cells were harvested by trypsinization, washed 
3-4 times with 5% TCA, dissolved in Soluene-350 
(Packard) and counted in Bray’s scintillation fluid. 

Treatment with estradiol OY antiestrogens 
Nafoxidine, tamoxifen and estradiol were dis- 
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Table 1. Effect of antiestrogens on the viability of HeLa cells in culture* 

Group Concentration Viability(%)t 

Control 
Nafoxidine 
Tamoxifen 
Estradiol 
Nafoxidine + Estradiol 
Tamoxifen + Estradiol 
Nafoxidine + FCS 
Nafoxidine t BSA 
Tamoxifen t FCS 
Tamoxifen t BSA 

1 FM 

1 )IM 
10 nM 
lpM+ 10nM 
lpM+ 10nM 
lpM+ lOOpI 
1 pM+ 10mg 
1 pM t lOOpi 
1pMt 10mg 

100 
0 
7 

981 
30 
40 
90 

0 
95 
97 

*5 X lo4 HeLa ceils were plated in 1 ml of serum-free culture medium; and the cells 
were treated with antiestrogens for 24 hr. The results shown here are typical of 9 
experiments performed with different cultures. 
tpercentage viability was scored by trypan blue exclusion method using a hemocyto- 
meter. 

solved in ethanol and then diluted in the culture 
medium. Equivalent amounts ofethanol were added 
to the control cultures as in the treated groups. The 
final concentration of ethanol was always below 
1%. Cells were treated with antiestrogens either at 
the time of plating or after pretreatment with FCS 
or BSA. The effect of antiestrogens was studied after 
24 hr treatment. 

Viability of cells 
Cells were treated with 0.1% trypan blue for 

l-2 min and viability was scored by the dye 
exclusion method. 

RESULTS AND DI!XUSSION 
Nafoxidine and tamoxifen did not show any effect 

on HeLa cells when grown in the presence of FCS. 
Antiestrogens were cytotoxic to HeLa cells only 
under serum-free conditions; therefore, conditions 
were set up to grow HeLa cells in the absence of 
FCS. Instead of FCS, the Dulbecco’s modified 
essential medium was supplemented with fibronec- 
tin, insulin and transferrin, in which the HeLa cells 
showed the same growth pattern as in the case of 
5% FCS. 

Table 1 shows the viability of HeLa cells in the 
presence of nafoxidine and tamoxifen. Nafoxidine 
and tamoxifen (1 PM) significantly inhibited the 
viability of HeLa cells after 24 hr treatment. There 
was a total loss of viability, this could be due to the 
use of serum-free conditions for the growth of cells 
or may be due to the detergent effect of antiestrogens 
which is more pronounced under these conditions. 
Estradiol (10 nM) partially reversed the effect of 
antiestrogens when added simultaneously to the 
culture medium. Higher neutralizing effect by estra- 
diol was observed for tamoxifen-treated cells than 
in the case of nafoxidine-treated cells. Fetal calf 
serum could also neutralize the effects of antiestro- 
gens. BSA was ineffective against nafoxidine-treated 

Table 2. Effect of antiestrogens on the viabilib of different cell 
lines* 

Cell line Control 
% Viability 

Nafoxidinet Tamoxifent 

CHO 98 0 100 
Vero 96 0 98 
HeLa 100 0 0 
L-929 100 0 0 
Meth A 98 0 0 
MKSV 100 0 0 
RSF 95 95 96 

*All the cell lines were plated in triplicate at a concentration of 
lo5 cells/ml. 
TNafoxidine and tamoxifen were used at 1 )IM concentration. 

cells but protected the cells from tamoxifen effects. 
This could be either due to the general protective 
effect of high concentrations of proteins present in 
FCS and BSA or due to the presence of certain 
bound estrogens or a combination ofboth the effects. 
Lack of effect of BSA on nafoxidine-treated cells 
may be due to the cytotoxic effects of this compound, 
in addition to its antiestrogenic activity [lo]. Similar 
results were obtained when the HeLa cells were 
pretreated with FCS or BSA for 2 hr and then 
treated with the antiestrogens. Recently, tamoxifen 
has been shown to inhibit the elongation process in 
the synthesis of eukaryotic proteins [ 111. Similar 
mechanism may be operative here where the action 
is not mediated through the specific receptors as 
has been shown in Xenopus oocytes or reticulocytes. 

Table 2 shows the effect of nafoxidine and tamox- 
ifen on the viability of different established cell 
lines and a primary culture of rat skin fibroblasts. 
Nafoxidine was cytotoxic to all the cell lines, whereas 
the skin fibroblasts were not affected. On the other 
hand tamoxifen was ineffective against CHO, Vero 
and the skin fibroblasts. 
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FCS W.) 

Fig. 1. E&ct of dzjkent concentrations of FCS on the incorporation of 
3H-thymidinc by He& cells. Control cells (0) grown in serum-free 
medium and the effect of nafoxidine (0) and tamoxifrn (A) on this 
incorporation. Reversal of nafoxidine (0) and tamoxzjm (A) effects by 

FCS. 

Figure 1 shows the effect of different concen- 
trations of FCS on the incorporation of 3H-thymi- 
dine by antiestrogen-treated or untreated HeLa 
cells. In the absence of FCS, there was significant 
inhibition of the incorporation oflabelled thymidine 

by nafoxidine and tamoxifen. This inhibition was 
reversed with the addition of higher concentrations 
of FCS in the medium. 

Antiestrogens have been shown to bind the estro- 
gen receptors and thus compete with the binding of 
estrogens [ 121. They have also been shown to pos- 
sess specific binding sites on the cell surface [ 131. 
Previous studies have suggested the binding of 
nafoxidine and tamoxifen to the same site where 
estradiol binds. In addition to their competition 
with the estrogen for binding to the receptor, they 
have also been shown to have cytotoxic effects in 
vivo and in vitro which are not reversed by estrogens 
[9, lo] and are not mediated through the receptors. 
Similar observations are reported here when the cell 
viability is partially restored in the presence of 
10 nM estradiol (Table 1). Higher concentrations 
of estradiol did not increase significantly the 
viability of antiestrogen-treated HeLa cells. These 
observations suggest the use of serum-free con- 
ditions for any studies on the action of antiestrogens 
on cultured cells. 
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