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INHIBITORY EFFECT OF CADMIUM AND
TOBACCO ALKALOIDS ON EXPANSION
OF PORCINE OOCYTE-CUMULUS COMPLEXES
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SUMMARY

Studies aimed at the influence of smoking on reproductive functions have found out fertility disorders in smokers occurring at any stage of
reproductive processes. In our experiments the role of cadmium, nicotine and anabasine was investigated in the expansion of oocyte-cumulus
complexes (OCC) isolated from large antral porcine follicles. Suppression of FSH-induced cumulus expansion and significant inhibition of synthesis
and accumulation of hyaluronic acid in the cell/matrix compartment of the OCC was observed in the presence of different concentrations of tested
compounds. The suppressive effect of cadmium and tobacco alkaloids on the cumulus expansion was accompanied by decreased progesterone

production by cumulus cells during 42 h incubation of the OCC with FSH.
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INTRODUCTION

Although smoking cigarettes is a widely recognized health
hazard, consumption of tobacco remains prevalent in human
society. Studies aimed at the influence of smoking on female
fertility have shown fertility disorders occurring at any stage
of reproductive processes and manifesting as conception delay,
significantly lower pregnancy rate at in vitro fertilization fol-
lowed by poor embryo development (1), more prevalent spon-
taneous abortion, and in an advance in the age of menopause
in smoking women.

The effects of cigarette smoke components absorbed into the
organism on intrafollicular processes may in part explain the
negative impact of smoking on female fertility. Heavy metal
cadmium, and alkaloids nicotine and anabasine are significant
compounds of tobacco and smoke (1).

Because the reproductive system is complex, vulnerability
to disruption of reproduction may occur at many sites, from
hypothalamic-pituitary axis to the germinal cells. In respon-
se to the preovulatory surge of gonadotropins, cumulus cells
synthesize and deposit hyaluronic acid forming an extensive
extracellular matrix. Expansion of the oocyte-cumulus complex
(OCC) is a process necessary for the release of mature oocyte
into the oviduct and the compounds of the matrix contribute to
successful fertilization by stabilizing structure of the egg zona
pellucida (2).

In the present study, the effects of cadmium, nicotine and ana-
basine on FSH-induced expansion of OCC isolated from porcine
follicles were investigated.

METHODS

Transport of porcine ovaries, isolation and treatment of OCC were
conducted as described previously (3). The OCC were cultured
with or without FSH and cadmium, nicotine or anabasine. The
degree of expansion was assessed after 24 h incubation according
to a subjective score system from 0 to +4 (3). At the end of the
incubation period, the OCC media were collected for proges-
terone determination by ['*I]-progesterone radioimmunoassay.
Hyaluronic acid (HA) synthesis was measured using a procedure
of Eppig with slight modifications (4). The data were analyzed
by analysis of variance (ANOVA).

RESULTS

After 24 h incubation with 1 pg/ml FSH (a positive control
group), more than 61 % of the complexes expanded to the +4 and
+3 stage (Table 1). Suppression of cumulus expansion stimulated
by FSH was observed in the presence of different cadmium, ni-
cotine and anabasine concentrations (p<0.05). At the end of the
culture period, the mucified cumuli of FSH, FSH+cadmium and
FSH-+nicotine groups were dispersed with Streptomyces hyaluro-
nidase and the amount of HA present in the medium (total, T) and
in cell/matrix compartment (retained, R) was determined using
SH-glucosamine hydrochloride as a metabolic precursor of HA
synthesis and distribution. (Fig. 1). Treatment of the OCC with
cadmium resulted in significant decrease (p<0.01) of total and
retained HA. However, nicotine failed to affect total accumulation
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Fig. 1. Hyaluronic acid synthesis (total, T and retained, R) by follicular OCC after
24 h incubation in the absence (control, C) or presence of FSH (1 ug/ml), cad-
mium (0.5x10-*M) and nicotine (2x10*M). The values are the means + S. E. M.
of three estimations (* p<0.05, ® p<0.01 versus FSH).
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Fig. 2. Effect of cadmium, nicotine and anabasine on FSH-stimulated pro-
gesterone production by the OCC after 42 h incubation of the OCC (¢ p<0.05,
b p<0.001 versus FSH).

Table 1. Effect of cadmium, nicotine and anabasine on FSH-induced cumulus expansion of the oocyte-cumulus complexes

(OCC) isolated from 5-8 mm porcine follicles.

Treatment n Degree of expansion Number of expanded
+4 +3 +2 + 0 0CC (%)
Control 30 0 0 0 0 30 0.0
FSH (1 pg/ml) 70 22 21 15 5 7 61.4
FSH+ cadmium (10M) 14 3 1 6 4 0 28.6
FSH+ cadmium (10-°M) 14 0 3 8 2 1 214
FSH+ cadmium (0.5%10M) 29 0 5 13 7 4 17.2
FSH+ nicotine (2x10°M) 1 2 2 2 2 333
FSH+ nicotine (2x10°M) 8 0 2 2 2 2 25.0
FSH+ nicotine (2x10M) 8 1 2 1 1 3 375
FSH+ anabasine (10°M) 10 2 1 2 5 0 30.0
FSH+ anabasine (10°M) 12 0 4 4 1 3 333
FSH+ anabasine (10“M) 1" 0 0 3 2 6 0.0

Number of expanded OCC = number of the OCC reaching stages +3 or +4 after 24 h incubation.

of HA but significantly decreased (p<0.05) the amount of HA
retained within the FSH-treated complex. The inhibitory effect
of'tested compounds on the cumulus expansion was accompanied
by decreased cumulus cell progesterone production during 42 h
incubation of the OCC (Fig. 2). Cadmium, nicotine and anaba-
sine caused a significant decrease in FSH-induced progesterone
secretion by the OCC.

DISCUSSION

The present study provides the first report of the toxic effects of
substances from cigarette smoke on the cumulus cell expansion.
The data obtained revealed suppression of FSH-stimulated cumu-
lus expansion of the oocyte-cumulus complexes in the presence
of cadmium, nicotine and anabasine.

Cadmium is absorbed into the organism in low doses through
consumption of contaminated drinking water, inhaling polluted
air and primarily from cigarette smoke (1). It is accumulated in
the body over a period of years and easily incorporated into the
reproductive tissues. Study on human granulosa cells showed
cadmium-diminished progesterone biosynthesis and alterations
in cellular morphology (5), what correlates with inhibition of
progesterone production observed in our study.

Nicotine, the principle alkaloid in tobacco, is quickly absorbed
through the respiratory tract. The study of Blackburn et al. (6)
demonstrated toxic effect of nicotine on ovulation and fertilization
rate in PMSG-primed rat ovary. Experiments on human granulosa
cells have found out even cytotoxic potential of tobacco alkaloids
(7). Another possible mechanism that could lead to modifying of
female reproductive processes is the effect of these alkaloids on
steroidogenesis in follicular cells. The presence of nicotine and
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anabasine in our studies markedly inhibited FSH-induction of
cumulus cells progesterone production. The results of experi-
ments aimed at influence of alkaloids on steroidogenic function
of granulosa cells, however, are contradictory (7, 8).

Numerous findings demonstrate the negative influence of smo-
king on reproductive health. The present study has shown that the
expansion of the oocyte-cumulus cell complex could be another
site of reproduction potentially disrupted by the effects of cad-
mium, nicotine and anabasine as cigarette smoke constituents.

Acknowledgements
This work was supported, in part, by Grant 2/7179/20 and Grant 2/3052/23
from VEGA and Grant A 5045102/01 from GA AS CR.

REFERENCES

1. Zenzes MT: Smoking and reproduction: gene damage to human gametes
and embryos. Hum Reprod Update 2000; 6(2): 122-131.

De Felici M, Salustri A, Siracusa G: Spontaneous hardening of the zona
pellucida of mouse oocytes during in vitro culture. I1. The effect of follicular
fluid and glycosaminoglycans. Gamete Res 1985; 12: 227-235.

Jezova M, Scsukova S, Nagyova E, Vranova J, Prochazka R, Kole-
na J: Effect of intraovarian factors on porcine follicular cells: cumulus
expansion, granulosa and cumulus cell progesterone production. Anim
Reprod Sci 2001; 65: 115-126.

Nagyova E, Prochizka R, Vanderhyden BC: Oocytectomy does not
influence synthesis of hyaluronic acid by pig cumulus cells: retention of
hyaluronic acid after insulin-like growth factor I treatment in serum-free
medium. Biol Reprod 1999; 61: 569-574.

Paksy K, Rajczy K, Forgacs Z, Lazar P, Bernard A, Gati I, Kaali GS:
Effect of cadmium on morphology and steroidogenesis of cultured human
ovarian granulosa cells. J Appl Toxicol 1997; 18 (5): 321-327.
Blackburn CW, Peterson CA, Hales HA, Carrell DT, Jones KP,
Urry RL, Peterson CM: Nicotine, but not cotinine, has a direct toxic
effect on ovarian function in the immature gonadotropin-stimulated rat.
Reprod Toxicol 1994; 8: 325-331.

Gocze PM, Szabo I, Freeman DA: Influence of nicotine, cotinine, ana-
basine and cigarette smoke extract on human granulosa cell progesterone
and estradiol synthesis. Gynecol Endocrinol 1999; 13: 266-272.
Barbieri RL, McShane PM, Kenneth JR: Constituents of cigarette
smoke inhibit human granulosa cell aromatase. Fertil Steril 1986; 46:
232-236.

S64



