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Male-mediated anomalies of pregnancy out-
come are currently well known in both humans
and animals. They may result from natural condi-
tions such as aging or from the mutagenic effects
of certain environmental factors.

The first findings come from the study of aging

*in man: Penrose’s original work revealed, in 1955,
that advanced paternal age may lead to a higher
frequency of dominant autosomal malformative
syndromes in the progeny. Since then, it has been
reported that paternal age might also be involved
in fetal mortality (Selvin and Garfinke, 1976),
Recklinghausen’s disease (Carey et al., 1979; Ric-
cardi et al., 1984; Kaplan and Toutain, 1987) and
even in X-linked recessive mutations such as he-
mophilia A (Hermann, 1966) or Duchenne’s mus-
cular dystrophy (Hutton and Thompson, 1970).
Finally, in a previous experimental study in rats,
we were able to demonstrate that apart from
other, especially malformative, anomalies, pater-
nal aging may induce decreased learning capacity
in the adult offspring (Auroux, 1983).

In animals, it is known that environmenta)l
conditions may also damage the paternal genome.
Thalidomide has been shown to increase fetal and
neonatal mortality rates (Lutwak-Mann et al,
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1967), while methadone and morphine are known
to also cause reduced birth weight and behavioral
alterations in aduithood (Soyka et al., 1978). Be-
sides, it has been shown that paternal alcohol
exposure may induce decreased litter size, growth
retardation, reduced levels of cerebral DNA and
RNA contents in the offspring (Tanaka et al.,
1982) as well as behavioral impairments (Klassen
and Persaud, 1976). Moreover, male lead exposure
(Brady et al, 1975) or sperm X-irradiation
(Schroder, 1978, 1980) may also alter offspring
behavior.

So, clinical and experimental data enable the
integration of the possible consequences of vari-
ous male-mediated genetic alterations into a con-
tinnum beginning with fetal death, including
patent malformations, then growth retardation and
metabolic disorders compatible with life, and end-
ing with isolated behavioral deficits in apparently
healthy individuals (Auroux and Dulioust, 1985).

In this context, the side effects of antimitotic
drugs whose mutagenic properties are now well
documented give rise to particular concern. In-
deed, recent studies have revealed that in man
recovery of spermatogenesis is possible after anti-
mitotic treatments and may lead to procreation.
However, this apparent normalization raises the
question of the genetic quality of the produced
gametes and of the child to be conceived. Surveys
have been carried out on the progeny of treated
men, but these are often limited and sometimes
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contradictory (Li and Jaffe, 1974; Russel et al,
1976; Hinkes and Plotkin, 1973; Blake et al.,
1976; Etteldorf et al., 1976; Holmes and Holmes,
1978; Senturia et al.,, 1985). Moreover, only
malformations directly discernible at birth are
taken into consideration, thus leaving out the pos-
sibility of functional anomalies compatible with
life, as has been shown in animals. Indeed, in both
the rat and the mouse, male exposure to
cyclophosphamide (CP), a commonly used cyto-
static drug with mutagenic properties (Mohn and
Ellenberger, 1976; Mirkes, 1985), leads not only to
reduced numbers of embryos (Botta et al., 1974;
Cooke et al., 1978), increased fetal loss, malforma-
tions and growth retardation (Trasler et al., 1985,
1986) but also to postnatal behavioral dis-
turbances (Adams et al., 1981, 1982; Fabricant et
al., 1983). Since those anomalies have been ob-
served in prepubescent animals from inbred strains
after postmeiotic exposure of paternal gametes, it
seemed to be necessary to answer the three follow-
ing questions.

(1) Can similar results be obtained with non-in-
bred animals, a situation that would be closer to
the genetic heterogeneity of the human species?
(2) Do functional troubles still exist in adulthood?
(3) Can spermatogonial exposure induce similar
effects?

Besides, the following issues appeared to be
relevant too:

(4) Does the duration of spermatogenesis recovery
after chemotherapy influence the occurrence and
the nature of the alterations?

(5) Are these transmissible?

(6) Do non-alkylating antimitotic drugs have the
same effects?

(7) Is it possible to link the functional dis-
turbances with particular organic alterations?

We therefore carried out a series of investiga-
tions in Wistar rats (Iffa Credo, L’Arbresle,
France), housed in a colony room with pulsed air
maintained at 23 £+ 1°C, 50 4 10% humidity and a
12-12 h light-dark cycle. Food (UAR, Epinay-
sur-Orge, France) and water (supplied in bottles)
were available ad libitum. The same person was in
charge of the animals during the experiments.
3-month-old males were treated with either CP
alone (Endoxan, Lucien Laboratory, France) or
with a combination of CP plus vinblastine (V,

Velbé, Eli Lilly, France), the latter substance acting
not on the DNA but on the mitotic process itself
by stopping the formation of the spindle micro-
tubules (Russel et al,, 1981). Matings tock place
either 100 days (a period of time equivalent to 2
spermatogenic cycles) or 60 days (1 spermatogenic
cycle plus 10 days of epididymal transit) after the
end of treatment, and offspring were investigated.
Three successive generations (F,, F,, F,) were
studied. In all generations, deliveries were fol-
lowed by litter size standardization and cross-fos-
tering. Given the heritability in rodents of some
behavioral traits and more particularly of learning
capacity (Bovet et al,, 1969), we verified that the
treated males and their female partners were suc-
cessful in the tests later to be given to their
offspring.

Treatment of the male rats: methods used

CP was given intraperitoneally in a daily dose
of 10 mg/kg for 15 days (54 rats). In the com-
bined protocol, V was added to this treatment in
single doses of 250 pg/kg and 150 pg/kg on days
1 and 8, respectively (20 rats). In both cases, the
modalities of treatment were chosen according to
previous studies (Fritz et al,, 1973; Botta et al,
1974; Cooke et al., 1978) and preliminary experi-
ments, in order to induce an alteration of sperma-
togenesis compatible with the recovery of normal
fertility (Auroux and Dulioust, 1985; Auroux et
al., 1986). The control rats received the drug
vehicles.

Effects of the treatments on the males

The males were evaluated for growth, sperma-
togenesis and fertility.

Effects of cyclophosphamide alone

Growth. A significant weight loss was
observed, which lasted until the end of treatment
and was then rapidly reversed.

Spermatogenesis (Fig. 1). Two rats were killed
on days 1, 20, 40, 50, 60, 80 and 100 after the end
of treatment. Stage 7 sections of seminiferous
tubules (Clermont, 1967) were evaluated for the
number of pachytene spermatocytes I, mature
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Fig. 1. Mean number (+SD) of spermatocytes I (-) and step

19 spermatids (--) in control (M, ®) and treated rats as a

function of the number of days following the end of treatment.

Linear regression (treated, -cytes I: r= 0.795, df =6, p < 0.02,
-tids: r = 0.823, df = 6, p <0.02).

spermatids and Sertoli cells. Control rats were
investigated on days 1 and 100 (Auroux and
Dulioust, 1985).

Comparison with the control group revealed
that the mean numbers of spermatocytes and
spermatids were significantly decreased on days 1
and 20, suggesting that CP had a damaging effect
on spermatogonia. On day 40, both cell types were
as numerous as in the control population, a re-
bound effect being subsequently observed. How-
ever, this normalization was characterized by
interindividual differences, which is in accordance
with the heterogeneity observed in humans under
similar conditions (Buchanan et al., 1975; Ettel-
dorf et al,, 1976; Alfiler et al., 1979). By contrast,
the number of Sertoli cells remained stable, and
no interindividual differences could be observed
in the control group.

Fertility. Mating of the remaining treated
males with untreated virgin females 100 days after
the end of treatment demonstrated the recovery of
a normal fertility, in accordance with the histo-
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logical findings and the results of other authors
(Botta et al., 1974; Cooke et al., 1978).

Effects of cyclophosphamide plus vinblastine

Growth. Despite a more dramatic weight loss
than with CP alone, the rats resumed weight as
rapidly when the treatment was stopped.

Spermatogenesis. Two rats were killed 1, 20,
45, 60 and 75 days after the end of treatment.
Seminiferous tubules were examined as above. A
significant decrease in the numbers of spermato-
cytes I and spermatids was observed from day 20
on. The damaging effects on spermatogenesis were
more pronounced and lasted longer than with CP
alone. Indeed, 75 days after the end of treatment,
the values remained below those of the controls,
despite a slight increase.

Fertility. In contrast with more severe histo-
logical alterations, the fertility of the treated males
mated with untreated virgin females 60 days after
treatment was found to be normal.

Effects on the F, progeny

From Fj-treated males mated with 3-month-old
untreated virgin females 3 groups of F, progeny
were produced: the CP-100 group, born of rats
treated with CP alone and mated 100 days after
treatment; the CP-60 group, born of rats treated
with CP alone and mated 60 days after treatment;
and the CP+ V-60 group, born of rats treated
with CP plus V and mated 60 days after treat-
ment.

Offspring were examined for physical parame-
ters: litter size, sex ratio, frequency of gross exter-
nal malformations, growth, mortality rate. Then,
between 12 and 16 weeks of age, behavioral tests
were performed including an evaluation of open-
field spontaneous activity and of learning ability
of a conditioned avoidance response (shuttle box).
All tests used automated devices.

CP-100 offspring

Litter size, sex ratio, birth weight, growth and
mortality were not modified. No external
malformation could be observed. The spontaneous
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Fig. 2. First generation born of CP-treated rats. 100 days
spermatogenesis recovery. Increased mean number of errors
(+SD) before success in the males. Cp, Tp: progeny born of
the control and treated males respectively. The difference is
significant only in the males (analysis of variance: F=7.93,
df =1/48, p <0.01).
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activity was not altered. In contrast, learning
capacity was impaired in male offspring. Indeed,
whereas the proportion of conditioned males
(success rate) did not differ from the control
population, the frequency of failures before condi-
tioning was achieved was significantly increased
(Fig. 2). So only a slight functional disturbance
affecting apparently normal subjects was ob-
served.

CP-60 and CP + V-60 progenies

There was no difference between CP-60 and
CP + V-60 offspring in any parameter. Therefore,
although the testicular effects appeared to be in-
creased by the addition of vinblastine, this did not
induce more anomalies in the progeny. In con-
trast, both offspring exhibited 2 types of anoma-
lies compared to the controls (Fig. 3): increased
postnatal lethality from day 1 to day 40, and
behavioral deficits including altered spontaneous
activity and impaired learning capacity in males as
well as in females. As noted above for the CP-100
group, those males that succeeded in the learning
test committed more errors before conditioning
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Fig. 3. First generation born of rats treated with CP or CP+V (no difference was found between the 2 treatments). 60 days

spermatogenesis recovery. Increased mortality rate (M, 3 + ¢, log-rank test: p < 0.01). Decreased learning capacity (LC; 3:

x? =804, df =1, p<0.01; 2: x*>=12.45, df =1, p <0.001) and decreased spontaneous activity (SA; mean number of displace-

ments + SD; analysis of variance, 8. F) 133 =4.13, p <0.05; ¢: Fj 133 =6.30, p < 0.02) in both sexes. White and black columns:
control and experimental animals respectively.
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Fig. 4. First generation born of rats treated with CP or CP+V.

60 days spermatogenesis recovery. Reduced activity of the

hippocampal choline acetyltransferase (C.A.T., mean pmole

synthesized acetylcholine/g protein/h+SD. Analysis of vari-
ance: Fy 4= 5.39, p <0.03).

than the control males (Auroux et al., 1986).

Vinblastine being apparently without effect,
cyclophosphamide may be considered to be re-
sponsible for the observed anomalies, which would
be in accordance with the observation that CP
acts on the DNA (Mohn and Ellenberger, 1976;
Mirkes, 1985), whereas the cellular target of V is
the microtubular system (Russel et al., 1981). Be-
sides, the observed anomalies were more diversi-
fied and severe than in the CP-100 progeny. This
seems to indicate the importance of the time inter-
val between the end of treatment and mating. In
agreement with this, Trasler et al. (1985, 1986)
have reported a high proportion of embryonic
deaths and malformations when mating takes place
during treatment.

The question was raised as to the causes of
such anomalies. Postnatal deaths were preceded
by no perceptible signs and remained so far unex-
plained. In this respect, it is interesting to mention
the possible genetic origin of postnatal mortality
in the mouse (Guenet, 1984).
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Concerning the behavioral deficits, especially
the impairment of learning capacity, we examined
whether neurochemical modifications might be
implicated. The activity of an enzyme involved in
memory processes, the hippocampal choline
acetyltransferase (CAT), was therefore evaluated
in the males. Indeed, previous studies (Ebel et al.,
1976; Durkin et al., 1977) have revealed that the
differences in learning capacity observed among
certain strains of mice are related to variations in
the activity of this enzyme which controls the
synthesis of acetylcholine. Assays were made in
randomly chosen CP-60 and CP + V-60 subjects
12 months after the period of learning assessment
in order to eliminate possible effects of learning
on the biochemical results (Auroux et al.,, 1987).
CAT activity was significantly decreased in 24
experimental subjects as compared to 24 controls
(Fig. 4). So this association observed in our experi-
ment between decreased CAT activity and
impaired learning capacity is in accordance with
genetically determined variations occurring spon-
taneously in the mouse.

Finally, in another experiment, we examined
4-day-old CP-60 embryos, 253 of which produced
by 15 untreated males mated with 30 untreated
females and 258 produced by 13 CP-treated males
mated with 26 untreated females. The mean num-
ber of cells per embryo in the controls was 7.17 4+
2.48 vs. 7.36 & 2.25 in the experimentals and the
difference was not significant. Given that chro-
mosomal aberrations are mainly transmitted from
postmeiotic stages (Albanese, 1982), such anoma-
lies were not examined in our experiment, in which
only premeiotic stages were considered. However,
a cytogenetic study was performed on a sample of
the embryos. No anomaly was found (unpublished
data) but one may wonder whether more sensitive
techniques such as evaluating the frequency of
sister-chromatid exchanges (Vogel and Spielmann,
1987) might have led to other conclusions.

Transmissibility of the anomalies to the second
generation

The hypothesis that male cyclophosphamide
exposure may induce genetic disorders in the
progeny had to be supported by experiments dem-
onstrating the transmissibility of the observed
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Fig. 5. Second generation. Increased neonatal mortality rate

(days 0-4) in experimental subjects born of unsuccessful

parents (ET— & + 2, x? K,C/BT— =625, p <0.02). F,C:
controls; F,T+: experimental subjects born of successful
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Fig. 6. Second generation. Decreased mean spontaneous activ-

ity (covered distance, 1 SD) in the experimental males born of

unsuccessful parents (F,T—, Student’s ¢ test: 1 = 3.41, df =107,

p <0.001). The other males (F,T+) and the females were not
affected.
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Fig. 7. Second generation. Significantly decreased success rate
in the learning test in the males only. F,C, ET+, E,T—: see
Fig. 5. Learning performance was impaired in both experimen-
tal subgroups (x? F,C/F,T+ /F,T— =971, df =2, p <0.01).

anomalies. For this purpose, CP-60 and CP + V-60
F, offspring being pooled (due to their homogene-
ity), couples were randomly constituted according
to the learning performances of the partners. So,
in the second generation, 2 groups were studied:
controls (F,C) and experimentals (F,T), each group
including 2 subgroups (F,C+ and E,C—; FT +
and F,T —) depending on whether the rats were
born of F, parents that were both successful (+)
or unsuccessful (—) in the learning test. The aim
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Fig. 8. Second generation. Significant decrease in both the
activity of hippocampal choline acetyltransferase (CAT)+SD
(analysis of variance: Fj 3 =4.86, p <0.05) and the level of

norepinephrine (NE)+ SD in the frontoparietal cortex (analy- -

sis of variance: Fj 39 =9.03, p <0.01). F,C: control males;
F,T: experimental males. Females were not investigated due to
the biochemical variations caused by the estrous cycle.
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of this procedure was to eliminate as much as
possible the possibility that differences would be
fixed in the F; and F, groups by sampling from
genetically variable material rather than due to the
treatment. In this context, it should be remem-
bered that all the Fj-treated males and their female
partners had been successful in the learning test
which was later given to their offspring. The sec-
ond generation was investigated according to the
methods used for the first generation.

No difference was found between the control
subgroups. By contrast, the experimental sub-
groups were heterogeneous. Indeed, increased
postnatal mortality (Fig. 5) and reduced sponta-
neous activity (Fig. 6) were observed exclusively in
the F,T — subgroup, which would confirm that the
unsuccessful experimental parents were more
severely affected than the successful experimental
ones. Moreover, in both EET+ and FT — sub-
groups, the learning ability of the males was sig-
nificantly impaired compared to that of the con-
trols (Fig. 7), whereas no difference was noted
between experimental and control females (Auroux
et al, 1988). Finally, biochemical assays (unpub-
lished data) showed, as for the first generation, a
decrease in CAT activity as well as in the level of
another memory support, norepinephrine of the
frontoparietal cortex (Kempf et al., 1978) (Fig. 8).
In conclusion, the anomalies observed in the sec-
ond generation were similar to those found in the
first generation.

Study of the third generation

Data obtained so far strongly suggested the
existence of mutations induced by the exposure of
the F, males to CP. One of the questions raised by
those apparently dominant mutations concerned
their stability. In an attempt to answer this ques-
tion, we carried out, within the second generation,
3 series of matings: (1) between control subjects;
(2) between experimental subjects; (3) between
control and experimental subjects. Three groups
of ¥, progeny were thus constituted: a control
group (F;C) and two experimental groups, ‘treated’
(F,T) and hybrid (F;H). This last group comprised
2 subgroups depending on whether the father or
the mother was an experimental subject. The third
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Fig. 9. Third generation. Reduced litter size (+SD) in the

experimental females of the second generation. (F,C: controls,

F,T: experimental subjects; Wilcoxon’s test: a~b, c—d: p <
0,01). * Number of litters.

generation was investigated as previously de-
scribed.

A new anomaly was directly discernible: the
litter size of the E,T females was significantly
reduced, whatever the origin of the partner (Fig.
9). In addition, both experimental groups (F;T and
F,;H) showed anomalies. These affected either the
2 groups or unexpectedly the F,H group alone.
The anomaly affecting the 2 groups consisted of a
highly significant weight excess appearing in
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Fig. 10. Third generation. Increased weight (g+SD) in the
males of both experimental groups. FiC: controls; FT
(“treated’): born of experimental parents; F;H (bybrid): born
of control and experimental parents (Student’s 7 test 17 weeks,
FC/FT: t=3.36, df =75, p<0.001; 39 weeks, F,C/F;T:
t=3.78, df =75, p <0.001; F;C/F,H: Wilcoxon’s test: p <
0.04).
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p < 0.05).
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adulthood in males only and accentuating with
age. Increased weight appeared at an earlier age in
the FiT group. Moreover, at 9 months the weight
excess in the F;T' was about twice that observed in
the F,H (Fig. 10). Besides, increased postnatal
mortality rate was noted in the F;H group alone
(Fig. 11). In addition, the F,H males exhibited a
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Fig. 12. Third generation. Learning performance: increased

stimulation duration (sum of the stimulation durations of the

50 attempts of the test, expressed in arbitrary units-SD) in

the FyH males. F;C, F;T, F;H: see Fig. 10 (Student’s ¢ test,
FC/FH: =271, df =60, p <0.01).
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slight learning deficit: while their success rate did
not differ from that of the controls, the overall
stimulation time was on average longer (Fig. 12).
Interestingly, no difference could be found be-
tween the two F;H subgroups in any parameter.
The neurochemical assays revealed no anomalies,
which seems to be in accordance with the slight-
ness of the observed behavioral disorders (Dulioust
et al., 1988).

In summary, investigation of the third genera-
tion revealed 2 important findings. First, both
experimental groups exhibited anomalies and one
of these, i.e., the weight excess, showed character-
istics suggesting cumulative paternal and maternal
effects. Second, the presence of new anomalies as
well as the heterogeneity between experimental
groups provides evidence of the complexity of the
underlying processes.

Conclusions and perspectives

The observation of anomalies in all treatment
groups strongly suggests that CP has induced
transmissible mutations. Given that only 3 genera-
tions were studied, and also that the treated and
control F, parents were selected on the basis of a
successful learning test, it would seem unlikely
that the differences observed were due to a
‘founder effect’ rather than to the treatment. Our
findings, which agree with those of other authors

(Adams et al., 1982, 1984; Fabricant et al., 1983),

raise several questions, more especially as the
dosages used are considerably below those admin-
istered to man.

Methodology

These experiments clearly demonstrate the use-
fulness of long-term follow-up studies of the prog-
eny up to adulthood and even senescence. In
future studies, such investigation would make it
possible: (1) to eliminate the instability factor
inherent in prepubescence and responsible for im-
precision; (2) to identify those disorders persisting
after possible palliative processes developed in the
young, as may occur in the nervous system, and
thus to better evaluate the severity of the observed
anomalies (such an approach might be more gen-
erally envisaged in teratogenesis studies); (3) to
take in account the sometimes late expression of



some genetic disorders such as, in our experi-
ments, the body weight increase observed in the
third generation.

Post-treatment recovery: DNA repair or elimination
of damaged cells?

Concerning the first generation our results, in
accordance with those of Trasler et al. (1985,
1986), clearly indicate that the severity of the
disorders in offspring decreases when the time
interval between treatment and mating increases.
This argues for the existence of palliative processes.
Among different mechanisms, the existence of
DNA repair systems has been demonstrated in
premeiotic male germ cells (Lee, 1983). Another
possibility might be a gradual elimination of
damaged cells at various steps of spermatogenesis
(Roosen-Runge, 1977). It would therefore be use-
ful to determine whether increasing post-treat-
ment recovery may achieve total elimination of
the anomalies. From this viewpoint, one may
wonder whether the very slight learning deficien-
cies, which still affected offspring even after the
longest paternal recovery, do not reflect a particu-
lar fragility of certain genic systems that have
appeared recently in evolution.

Mutation frequency and subtlety of the effects

The question of the frequency of induced muta-
tions is of fundamental importance. Indeed, the
quantitative differences observed between experi-
mental and control groups did not result from
major anomalies in a few individuals but rather
from slight deviations affecting a great proportion
of the subjects. This suggests much higher rates of
induced mutations than those generally calculated
from point mutations. Interestingly, studies on
either spontaneous or induced variations of
quantitative traits in Drosophila have led to simi-
lar conclusions (Ramel, 1983). Moreover, given
that the continuous renewal of spermatogonia may
facilitate the occurrence of mutations * (Vogel
and Rathenberg, 1975), one may wonder whether

* The frequency of mutations appears to be higher in sperma-
tozoa than in ova (Vogel and Rathenberg, 1975), the latter
being rather responsible for aneuploidies (Kram and
Schneider, 1978).
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this spontaneous situation would not represent an
additional risk factor with regard to mutagenic
agents.

Clearly, numerous mutations may have mod-
erate phenotypic effects. At the molecular level,
several studies have shown in Drosophila that
slight modifications of a protein quantity or prop-
erties, resulting in various phenotypic effects, could
be induced by different changes of the gene or its
flanking sequences (Scott, 1987). In rats, results
similar to ours have been reported on the effects
of neonatal exposure to neurohormones (Camp-
bell, 1982): not only did the animals exhibit
hormonal and behavioral anomalies in adulthood,
but those were transmissible to the progeny by
either males or females. The hypothesis raised was
that of abnormal adjustments in DNA structure in
the not yet stabilized genome of germ celis. Such
data suggest that complex genomes might show a
greater lability than usually expected. Therefore,
one may question the real frequency of alterations
that would only modify some physiological bal-
ances within viable limits. Apart from the conse-
quences of cytostatic treatments, such a question
may also concern the recent accumulation in the
environment of numerous compounds considered
so far to have no or weak mutagenic properties.

Damaging effects at premeiotic stages

As shown in this study, it is possible to induce
transmissible mutations in spermatogonia with low
doses of CP. This new finding gives evidence of
the sensitivity of the method used. Indeed, only
relatively high doses of CP have been reported as
yet to have genotoxic effects on spermatogonia
(Trasler et al., 1985). Besides, few substances have
shown mutagenic properties in those cells (Lyon,
1981; Ehling et al., 1985; Goldstein, 1987). Genetic
damage at this stage raises concern about possibly
long-lasting risk. However, as discussed above, our
results suggest that the risk might decrease with
time.

Susceptibility of the nervous system

Our results, in agreement with other works
(Kalter, 1971), suggests that the nervous system
might show a great susceptibility to the effects of
mutations. Such a possibility would need further
investigation. As regards genotoxic effects, an ex-

<
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planation might be found in the high number of
genes which seem to be expressed in nervous
tissues, as appears from the great variety of
mRNAs in brain (Van Ness et al., 1979).

Differences between the sexes

In all cases, the disorders were more severe and
more diversified in males than in females. Similar
discrepancies have been observed in the progeny
of senescent male rats (Auroux, 1983) and, in
man, in populations suffering from mental de-
ficiency (D’Anthenaise et al., 1979). Such dif-
ferences remain unexplained. However, at least in
our experiments, they seem to reflect a higher
sensitivity of the male organism to the effect of
certain mutations rather than more severe genetic
damage in males since, in the third generation,
similar alterations were found whether the experi-
mental parent was male or female.

Influence of interactions

The results obtained in the third generation
show that transmission of the anomalies may not
be simple. Indeed, the weight anomaly was not
observed before. As regards the discrepancies be-
tween the FT, which exhibited only abnormal
weight, and the F;H, which in addition showed
increased mortality and a learning deficit, one
might hypothesize that in the F;T, interactions
between paternally and maternally inherited mu-
tations have corrected some of the consequences.
Similar balancing effects have already been de-
scribed in Drosophila (Scott, 1987). One may
wonder whether such mechanisms might be rele-
vant to the adaptative capacities of complex
organisms.
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