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Abstract

Salicylhydroxamic acid (SHAM) inhibits the proliferation of cultured plant (Atriplex halimus) and murine neuroblastoma cells
with IC5¢ of 90 and 250 uM, respectively. After 2 h of application, SHAM induces an acceleration of the neuroblastoma cell cycle
from G1/S to G2 phases and, after 6 h, it induces an accumulation of the cells in S phase and a cell swelling. Up to 300 uM, SHAM
is not cytotoxic and does not induce electrophysiological differentiation of neuroblastoma cells. When Drosophila females are
grown in media containing 0.6-1.25 mM SHAM, the rate and number of laid eggs are increased. Furthermore, SHAM stimulates
the different development stages from embryo to adult. A general interpretation of the effects of SHAM on cell proliferation and
differentiation is proposed. To cite this article: P. Dutuit et al., C. R. Biologies 330 (2007).
© 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Résumé

Effets du SHAM sur la prolifération des cellules d’Atriplex et de neuroblastome murin, sur la ponte et le développement
de la drosophile. L’acide salicylhydroxamique (SHAM) inhibe la prolifération in vitro des cellules de la plante Atriplex halimus et
de neuroblastome murin, avec respectivement des IC5q de 90 et 250 uM. Apres 2 h d’application, SHAM induit une accélération
du cycle cellulaire des cellules de neuroblastome des phases G1/S a G2 et, apres 6 h, un gonflement et une accumulation des
cellules en phase S. Jusqu’a 300 uM, SHAM n’est pas toxique et n’induit pas de différenciation électrophysiologique des cellules
de neuroblastome. Lorsque des femelles de drosophile sont élevées dans des milieux contenant 0,6 a 1,25 mM de SHAM, la vitesse
et le nombre d’ceufs pondus sont augmentés. Par ailleurs, SHAM stimule les différentes étapes de développement de I’embryon
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a ’adulte. Une interprétation générale des effets du SHAM sur la prolifération et la différenciation cellulaire est proposée. Pour

citer cet article : P. Dutuit et al., C. R. Biologies 330 (2007).

© 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction

In plants, many micro-organisms and most yeasts,
a mitochondrial alternative oxidase (AOX) bypassing
complex III and cytochrome ¢ oxidase catalyses the ox-
idation of ubiquinol and the reduction of Oy to H,O
[1-3]. The activity of AOX is coupled neither to pro-
ton translocation nor consequently to ATP synthesis via
the activation of the ATP synthase. AOX is cyanide-
resistant but is inhibited by salicylhydroxamic acid
(SHAM) (Fig. 1) [4].

Dutuit and Lhéritaud-Trousard [5] have shown that
SHAM inhibited Nicotiana tabacum protoplast division
when cyanide, which is an inhibitor of the phosphoryla-
tive pathway, stimulated it strongly. In other words, the
overstimulation of the SHAM-sensitive pathway, ob-
tained indirectly by the phosphorylative pathway inhi-
bition with cyanide, leads to cell-division stimulation.
Moreover, SHAM has been shown to inhibit the prolif-
eration of the microalgae Porphyridium cruentum and
Parietochloris incisa [6,7].

The working hypothesis, according to which the
AOX pathway activity is necessary to cell division, has
not been reformulated since, even if Cory and Cory [8]
evoked the involvement of SHAM and salicylic acid
derivatives in proliferation inhibition of tumour cells,
focusing on the inhibitory molecules themselves, and
not on the respiratory pathway. Interestingly, the pres-
ence of a mitochondrial AOX has been reported in
protista, algae, fungi and in several invertebrates from
three different phyla (Mollusca, Nematoda, and Chor-
data) [4,9]. The expression of a cyanide-resistant and
SHAM-sensitive respiration does not seem to have been
demonstrated in vertebrates, excepted in Lewis lung car-
cinoma cells [10]. In this case, no hypothesis has been
formulated relative to the involvement of the alternative
respiratory pathway in cell division and differentiation.

The question of SHAM specificity has been dis-
cussed for a long time in the past, especially in the
case of plant organs and of plant isolated mitochon-
dria [1]. A wide recent literature relates research on the
role of lipoxygenases (LOX), cyclooxygenases (COX),
and desaturases (which are inhibited by SHAM and sal-
icylate derivatives) involved in plant and animal cell
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Fig. 1. Molecular structure of SHAM.

metabolism, proliferation, ovulation and differentia-
tion [11-18]. Altogether, these observations suggest that
SHAM may have several effects, including inhibition of
AOX, LOX, COX, and desaturases. Compared to these
studies, our experimental approach takes into account
cell division and differentiation, but not enzymatic ac-
tivities.

In order to gain insight into how SHAM may influ-
ence cell division, we studied its effects on the prolifer-
ation of cells from a plant Atriplex halimus and murine
neuroblastoma x glioma NG108-15 cells. Its effects on
cell differentiation were studied on egg laying and de-
velopment of the fly Drosophila melanogaster.

2. Materials and methods
2.1. Proliferation of Atriplex halimus cells

The experiments were performed on cells isolated
from a mother plant of Atriplex halimus L. harvested in
the area of Djelfa (Algeria). The synthetic medium was
a solution of Murashige and Skoog mineral salts [19]
supplemented with 30 gl1~! sucrose, 2.5 uM 2,4-di-
chorophenoxyacetic acid, and 2.5 pM kinetin. SHAM
was dissolved in dimethyl formamide (DMF) and added
to the cell suspension at different concentrations. Cell
growth was evaluated from the increase in weight of the
dry material after moderate filtration and drying for 48 h
at 60 °C. In all cases, the results were expressed as the
mean = SEM of 10 to 14 samples performed on the
same initial cell suspension.



882 P. Dutuit et al. / C. R. Biologies 330 (2007) 880-889

2.2. Experiments on murine neuroblastoma cells

Undifferentiated hybrid mouse neuroblastoma x rat
glioma NG108-15 cells were cultured as previously de-
scribed [20]. SHAM was dissolved in DMF and added
to the culture medium at different concentrations. In
each condition, including controls, the concentration of
DMF was 0.1%, which by itself did not influence cell
proliferation.

Cell number and mean cell volume were electroni-
cally determined with a Coulter channelizer (model Z2,
Beckman-Coulter, Villepinte, France), as previously de-
scribed [21]. The relative rate of cell proliferation (P)
in the different experimental conditions was calculated
from the cell number (N) at days 2 (D2) and 3 (D3) of
culture, and expressed as: P =log;q Np3 — log;q Np2.
For each individual experiment, cell volume and num-
ber were determined in triplicate. Cell viability was
determined by counting the proportion of Trypan blue
excluding cells.

To evaluate an eventual differentiating effect, mem-
brane currents and potential were recorded with the
whole-cell patch-clamp technique in the voltage or cur-
rent clamp configuration at room temperature. The ex-
ternal solution contained (in mM): NaCl 140; KCI 5;
CaCl, 1; MgCl, 2; Hepes 10. The pipette solution
contained (in mM): KCl 140; MgCl, 2; Hepes 10.
The pH of external and pipette solutions was adjusted
to 7.4 with NaOH. Filled with the standard solution, the
pipettes had resistances of 3—5 M£2, and the seal resis-
tance was at least 10 G2.

The cell cycle determination was studied by flow
cytometry. The NG108-15 cells were plated on 10-ml
Petri dishes in the medium, and aliquots of 1 ml at
the beginning of experiments and 0.5 ml at the end of
cell culture (47 h) were centrifuged and resuspended in
0.5 ml of a buffer (pH 7) containing 46 mM MgCl,,
30 mM sodium Tris citrate, 20 mM MOPS, and 0.1%
(w/v) Triton X100 for releasing nuclei [22]. Each sam-
ple was analyzed 15 min after the addition of 5 pg/ml
of propidium iodide, on a FACScan cytometer (Becton-
Dickinson, Le Pont-de-Claix, France). The excitation at
488 nm was applied by an argon laser (Spectra-Physics,
Mountain View, USA), and the fluorescence was mea-
sured through a 650/30-nm filter. For each sample,
10,000 nuclei were analyzed. Cell-cycle phases were
analyzed by using the Modfit LT3 software (Verity Soft-
ware House Inc., Topsham, USA). The percentages of
cells in G1, S, and G2/M phases were determined by
FACS at different times in control and in the presence
of 0.3 mM SHAM. In each condition, the concentration
of DMF was 0.1%.
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Fig. 2. Schematic representation of a Drosophila female gonad.

2.3. Egg laying and development of Drosophila
melanogaster

Drosophila presents well-characterized development
phases. For instance, oogenesis starts at the end of the
third larval stage [23], and the first eggs are laid two or
three days after adult emergence.

The oocyte development starts with the asymmetric
division of germinal stem cells, generating new stem
cells and differentiated cells. The latter cells contribute
to an egg chamber (follicle) [24]. Then, follicles pass
through different stages of maturation leading to laid
eggs. This process develops in ovarioles, which are re-
grouped in two ovaries (Fig. 2). One can divide the
oogenesis into two stages: one early stage that allows
the oocytes to be put in place in each egg chamber, and
a late stage where the oocytes give rise to eggs ready
to be laid. This event activates meiosis and the mature
eggs are fertilized during the laying [25].

In order to study the effect of SHAM on the female
fertility, virgin females were isolated since their emer-
gence. At time zero, samples of 10 females (2—4 h old),
were placed at 25 °C in tubes containing various con-
centrations of SHAM, in the presence of males. SHAM
was dissolved in 0.02% DMF, which at this concentra-
tion had no effect on oogenesis and egg laying. The
number of laid eggs was counted as a function of time,
and a Chi2 test was made. After each counting, females
were put on a fresh medium, giving the following egg
series. Eggs were stored at 25°C and observed until
adult emergence. The eventual effect of SHAM on tox-
icity and viability, from oogenesis to adult emergence
and on morphological defects of embryonic, larval, pu-
pal, and adult stages could thus be verified. The number
of new white pupae was checked as a function of time
since egg laying. The egg-laying precocity was studied
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from samples of 30 virgin females (2 h old) put with
males in tubes containing 0 or 0.6 mM SHAM.

To better characterize the effects of SHAM on ooge-
nesis, ovaries, which were put on media containing O or
0.6 mM SHAM, were dissected after 6, 24, and 48 h,
fixed in 4% formaldehyde for DAPI staining, and ob-
served with epifluorescence. The number of ovarioles
per ovary was counted. The progression of oogenesis as
a function of time was estimated by counting the num-
ber of ovarioles producing a follicle in the late stage.

3. Results
3.1. Effects of SHAM on Atriplex halimus cell growth

Fig. 3A shows the effects of various concentrations
of SHAM on the evolution with time of the weight
of dry material. SHAM dose-dependently delayed cell
growth, apparently without cytotoxicity, since, even at
the highest concentration used (0.125 mM), there was
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Fig. 3. Effects of SHAM on the proliferation of Atriplex halimus cells.
A: The cells were cultured in the presence of various concentrations
of SHAM and their proliferation was evaluated from the weight of dry
material between day 0 and day 23. Vertical bars represent the SEM.
B: Relative weight of dry material after seven days of cell culture as
a function of SHAM concentration. The dashed line corresponds to
50% reduction of weight of dry material.

no decrease in the weight of dry material. It should be
noted that at this concentration, SHAM inhibited cell
growth for at least 10 days, whereas 0.05 mM SHAM
had no effect or even stimulated cell growth and 0.1 mM
SHAM delayed cell growth for 7 days, but had no effect
on the maximal weight of dry material. After 7 days of
cell culture, the ICsg (50% inhibition concentration) on
the weight of dry material was about 0.09 mM (Fig. 3B).

3.2. Effects of SHAM on the proliferation and size of
neuroblastoma cells

Fig. 4A shows the evolution with time of the cell
number in the presence of various concentrations of
SHAM. It should be noted that, whereas 0.15 mM
SHAM slightly decreased cell proliferation, 0.3 mM
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Fig. 4. Effects of SHAM on the proliferation and size of neuroblas-
toma cells. A: Evolution with time of the cell number in the presence
of various concentrations of SHAM. Mean + SEM of 12 experiments
in control and three experiments in the presence of SHAM. In each
case, the SEM bars were smaller than the points. B: Evolution with
time of the mean cell volume under control conditions (circles) and
in the presence of 0.3 mM SHAM (squares). Mean £ SEM of 12 ex-
periments in control and three experiments in the presence of SHAM.
In most cases, the SEM bars were smaller than the points. The insert
shows the cell volume distribution at day 2 of culture of one repre-
sentative experiment under control conditions and in the presence of
0.3 mM SHAM.
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Fig. 5. Dose-response curves of the effects of SHAM on neuroblas-
toma cell proliferation and volume. A: Relative rate of cell prolifer-
ation between day 2 and day 3 of culture. B: Relative cell volume
at day 2 of culture. In A and B, the points are the mean of three
experiments, and dashed lines correspond to 50% inhibition of cell
proliferation and increased cell volume, respectively.

SHAM almost completely inhibited cell proliferation
and 0.6 mM SHAM decreased the cell number and
thus had a cytotoxic effect. Fig. 4B shows that 0.3 mM
SHAM increased the cell volume. Fig. 5 shows the
dose-response curves of the effects of SHAM on the
relative rate of proliferation (Fig. 5A), and the relative
cell volume (Fig. 5B). The ICsp on these two parameters
were about 0.25 mM.

3.3. Cell cycle and viability of neuroblastoma cells

Fig. 6 shows the cell cycle progression under con-
trol conditions and in the presence of 0.3 mM SHAM.
After 2 h of application, SHAM induced an accelera-
tion of the transition from the G1/S to the G2 phase.
In contrast, at 23 and 47 h, SHAM induced an accu-
mulation of the cells in S phase. In control, it should
be noted there was a progressive accumulation of cells
in G1 phase. This last phenomenon is likely due to in-
creased cell density and cell metabolism-induced extra-
cellular acidification [21]. The cell viability, determined

Table 1

Effects of SHAM on the electrophysiological properties of neurob-
lastoma cells. The cells were cultured for 1 or 2 days under control
conditions (0 mM SHAM) or in the presence of 0.3 mM SHAM.
Then, in the standard external solution, we measured the resting po-
tential (Vip), the input membrane resistance (Rpy) and the amplitude
of the peak Na™ and K+ currents during depolarisations to —20 and
+50 mV, respectively, from a holding potential of —80 mV. Ry, was
calculated in current clamp conditions from the hyperpolarisation in-
duced by the injection into the cells of a 10-pA current. Mean = SEM
of 5 to 11 cells in each condition

SHAM (mM) Vi (mV) Ry (GR2)

0 —60+3
0.3 —51+3

INa (nA) Ix (nA)

236+0.38 0.80+0.16 1.50+018
1.73£0.18 0.60+0.14 1.194+0.29

from the percentage of trypan blue excluding cells, was
97.1£0.3 (n =5) in control and 94.1 & 1.3 (n = 6) af-
ter 24 h in the presence of 0.3 mM SHAM (Student’s
t-test: p < 0.05).

3.4. Electrophysiological properties of neuroblastoma
cells

Compared with undifferentiated NG108-15 cells,
chemically differentiated neuroblastoma cells have sev-
eral neurites, are about two times larger, are excitable,
and have a several-nA maximal peak inward Na™ cur-
rent and transient outward K current [26-28]. Given
that SHAM inhibits lipoxygenases that may influence
cell differentiation, we examined whether it induced
differentiation of NG108-15 cells. When cultured for
one or two days in the presence of 0.3 mM SHAM,
the cells were morphologically similar to control cells
(except their increased size). They were unexcitable,
and the amplitude of their maximal peak inward Na™*
and outward K currents was not significantly differ-
ent from that in control cells. However, the cells were
depolarized by about 10 mV and their input membrane
resistance was decreased by 27% (Table 1).

3.5. Fecundity and development of Drosophila
melanogaster

Fig. 7 shows the cumulative number of eggs laid by
10 females as a function of time. Starting with the first
series of laying (0-24 h), 0.6 and 1.25 mM SHAM in-
creased the number of laid eggs by about 50%. A Chi2
test made on the number of non-cumulative laid eggs
was significant (p < 0.001). In the presence of 0.6 and
1.25 mM SHAM, the increase of laid eggs was main-
tained during 11 days. In contrast, 2.5 mM SHAM had
no significant effect.
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Fig. 6. Effects of SHAM on neuroblastoma cell-cycle progression. The percentage of cells in G1, S, and G2/M was determined by FACS at different

times after addition to the cultures of DMF (control) or 0.3 mM SHAM.

The development of laid eggs was observed until
adult emergence in the presence of SHAM. SHAM had
effects neither on the different phases of development
(embryonic, larval, and pupal) nor on the morphology
of the adult cuticle. Moreover, the flies could be main-
tained in the presence of SHAM for longer times than

the seven days corresponding to Fig. 7, without any con-
sequence on viability.

We examined the lapse of time between egg laying
and the emergence of the first pupae in some series.
Between 72 and 116 h after egg laying (AEL), white
pupae were 18% with 0.6 mM SHAM and 9% without
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SHAM (Fig. 8a). Between 92 and 116 h AEL, white pu-
pae are 43% with 0.6 mM SHAM and only 20% without
SHAM (Fig. 8b). All fertilized eggs gave pupae after
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Fig. 7. Effects of SHAM on the cumulative number of laid eggs by
Drosophila. Cumulative eggs laid by 10 females were counted as a
function of time in the presence of various concentrations of SHAM.
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Fig. 8. Effects of SHAM on Drosophila pupae emergence. Percentage
of pupae relatively to the initial fecundated eggs. Pupae were counted
(a) 72 to 116 h after egg laying (AEL), (b) 92 to 116 h AEL, (c¢) 116
to 140 h AEL.

Table 2

140 h without mortality in control and in the presence
of 0.6 and 1.25 mM SHAM (Fig. 8c). These differences
were significant in a Chi2 test (p <« 1%). All pupae
gave adults in control and in the presence of SHAM.

In the presence of 0.6 mM SHAM, the first eggs ap-
peared as early as 16 h, with nine eggs. In contrast, in the
absence of SHAM, no eggs appeared until 22 h. At time
29 h, the control females produced 23 eggs, whereas the
SHAM-treated females produced 49 eggs. These results
indicated clearly that SHAM induced an egg laying pre-
cocity.

In order to study the oogenesis and development,
ovaries of females cultured 6, 24, and 48 h in the pres-
ence of 0.6 mM SHAM or in control medium were ob-
served after DAPI staining. It appeared (Table 2) that:
(1) whatever the time, there were less ovarioles per
ovary in the presence of SHAM than in control (Stu-
dent’s t-test: p < 0.0001), but the production of egg
chambers was not stopped; (2) until 24 h, there were
more ovarioles producing a late follicle in the pres-
ence of SHAM than in control (Chi2 test: p = 0.01).
In contrast, at 48 h, there were less ovarioles with late
follicle in the presence of SHAM than in control (Chi2
test: p < 0.001); (3) at 48 h, there were more ovarioles
with an abortive egg-chamber with SHAM than in con-
trol. Few or no abortive egg chambers were observed in
control and in SHAM-treated flies before 48 h. Thus,
oogenesis in the presence of SHAM was faster than in
control, which was coherent with the observation of the
earlier egg laying. The persistence of the increased-egg
number until 11 days was more surprising. Moreover,
the fact that there were less ovarioles per ovary in the
presence of SHAM than in control could mean that
the increased rate of oogenesis induced by SHAM was
more important than the results indicate. Altogether, our
results give evidence for precocity of the different stages
of development in the presence of SHAM.

Effects of SHAM on the kinetics of Drosophila oogenesis. Numbers of whole ovaries, ovarioles (1: in complete ovaries; 2: all the observed
ovarioles), ovarioles with one follicle in late stage (L), ovarioles with one abortive stage (A) and their respective frequencies, as a function of time

in control and in the presence of 0.6 mM SHAM

Time (h) 6 24 48

Medium Control SHAM Control SHAM Control SHAM
Ovaries 16 20 5 15 18 14
Ovarioles (1) 192 213 103 251 331 207
Ovarioles (1) per ovary 12 10.65 20.60 16.73 18.39 14.79
Ovarioles (2) 192 213 152 290 405 288
Ovarioles (2L) 16 27 30 91 166 100
Ovarioles (2L) per ovariole (2) 0.08 0.13 0.20 0.31 0.41 0.35
Ovarioles (2A) 0 2 2 10 0 25
Ovarioles (2A) per ovariole (2) 0 0.01 0.01 0.03 0 0.09
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4. Discussion
4.1. Cytotoxicity of SHAM

0.125 and 0.6 mM SHAM did not induce particular
toxicity on Atriplex cells and Drosophila, respectively.
On neuroblastoma cells, 0.3 mM SHAM did not induce
toxicity, but 0.6 mM SHAM induced a slight toxicity. In
the case of Drosophila, neither abnormal morphogene-
sis nor defects in the adult cuticle were associated with
the growth in the presence of SHAM. The viability of
the different stages of development was identical in con-
trol and in the presence of SHAM. The fact that there
were more abortive egg chambers in the presence of
SHAM than in control was not necessarily an indication
of cytotoxicity, but could be due to an accelerated differ-
entiation of the different oogenesis phases and to defects
associated with an increased speed of these processes.
Moreover, 2.5 mM SHAM induced a production of eggs
near to that of control. This may reflect the existence
of an optimum in the concentration-dependent effects
of SHAM. Nevertheless, no perturbation in the mecha-
nism of egg production or the viability of adults at high
SHAM concentrations was observed.

4.2. Cytostatic effects of SHAM

0.3 mM SHAM had a cytostatic effect on neuroblas-
toma cells, since, after 23 h of action, the cells accu-
mulated in S phase (Fig. 6). Correlatively, the cell size
increased (Fig. 4B). This is in agreement with the ob-
servation that the rate of neuroblastoma and glioma cell
proliferation decreases when the cell size increases be-
yond an optimal value [21,29].

The effects of salicylates on the cell cycle have been
largely documented, but their role is not clear. Sali-
cylates exert direct modulation of the growth regula-
tory pathways by inhibition of the protein kinase ef-
fectors JNK, AP-1, and p70s6k [30]. Several studies
have shown that salicylates induced a terminal arrest of
the cell cycle in G1/S phases. In our experiments on
neuroblastoma cells, after 6 h of application, 0.3 mM
SHAM boosted the passing from G1 to S phase and
inhibited the passing to G2/M phases. A possible hy-
pothesis is that SHAM activated cyclin E via a p21 in-
crease and inhibited cyclin B1, as obtained with other
salicylates [31]. Law et al. [32] found that salicylates
at concentrations higher than 5 mM inhibited cyclin A
and cyclin D1, via the inhibition of p70s6k. Marra and
Liao [30] showed that the inhibition of vascular smooth
cell proliferation was due to an upregulation of p2l
and p27, cyclin A was inhibited, but cyclins D and E

were not affected. Ricchi et al. [33] demonstrated that
the protection of Caco-2 cells from apoptosis by aspirin
resulted from the activation of the phosphatidylinositol
3-kinase/AKT/p21 pathway. Our results are in agree-
ment with these conclusions, but the pleiotropic effects
of salicylates make an interpretation highly hazardous.

A great difference between SHAM and other salicy-
lates is the range of concentrations necessary to obtain
a visible biological effect. SHAM acts between 0.1 to
0.3 mM, whereas aspirin and salicylic acid present ac-
tivity between 2 to 10 mM. Moreover, 0.3 mM SHAM
did not induce apoptosis in neuroblastoma cells. What
is more, in mouse thymocytes and in K-562 adenocarci-
noma cells, no sign of apoptosis was observed, even if
the SHAM concentration was higher than 2.5 mM (per-
sonal unpublished results).

4.3. Differentiating effects of SHAM

SHAM increased the rate of oogenesis and of the
different stages of fly development. These effects were
significant and not transient, since in the presence of 0.6
and 1.25 mM SHAM, the number of laid eggs remained
50% larger than in control during 11 days.

Two hypotheses can be proposed to explain the long-
lasting increase of laid eggs in the presence of SHAM.
The first one is an increase of ovarioles per ovary. This
hypothesis is not valid, since the results show the con-
trary (Table 2). The second hypothesis is an accelera-
tion of oocyte maturation. According to this hypothesis,
this accelerating process could concern all the different
phases of oogenesis. The first stage of oogenesis is the
differentiation of oocytes in the germarium. At the ini-
tial stage of gametogenesis, the division of one germinal
mother stem cell gives a new stem cell and a cell that
enters in differentiated phase. It remains to define the
target of SHAM in this process of cell division and dif-
ferentiation of one of the daughter cells. It is unlikely
that the affected process is upstream from the division of
the mother cell, since, in this case, the two daughter cells
would differentiate and engage in the production of fol-
licles. Consequently, the production of follicles should
be stopped, and this is not observed in our experiments.

The effects were fast, since as early as 6 h, the
percentage of ovarioles producing a late follicle was
larger in the presence of SHAM than in control. Sim-
ilarly, a cytostatic effect of SHAM was observed in
cytometry studies on neuroblastoma cells as early as
6 h. Moreover, all phases that follow the fertilization of
Drosophila eggs were faster with than in the absence of
SHAM.
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In conclusion, the present results show that SHAM
has effects on proliferation and differentiation in our
three experimental models. For the three preparations
we studied, the fact that SHAM had dose-dependent ef-
fects in a very narrow concentration range suggests that
it inhibits different enzymes, including oxygenases and
desaturases, and thus has additive effects. Given that
SHAM preferentially inhibits the division of highly pro-
liferative cells, it could be a potent inhibitor of cancer
cells that overexpresses lipoxygenases [34]. Further ex-
periments on tumour and normal cells would confirm
or dismiss this hypothesis. Moreover, given the effects
of SHAM on Drosophila egg laying, it could be used to
stimulate the production of oocytes and eggs in different
animals.
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