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ABSTRACT

Adult male rabbits were subjected to whole-body external gamma irradiation at 0.5 Gy, 1.5 Gy and
2.5 Gy in order to evaluate its effect on spermatogenesis. The quantitative and qualitative parameters
(concentration of spermatozoa and percentage of pathological forms) of semen were determined
between post irradiation days 10 and 60. The highest degree of spermatogenesis impairment was
observed in rabbits irradiated at 2.5 Gy. Following increase of the challenge dose, a reduction in
spermatozoa concentration in semen and increased percentage of pathological spermatozoa were
observed. The cytogenetic analysis of irradiated spermatogonia showed a dose-dependent increase in
the frequency of radiation-induced reciprocal translocations, manifested primarily as ring and chain

configurations.
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INTRODUCTION

The monitoring and analysis of genotoxic
effects, caused by multiple geno- and
cytotoxic environmental factors, including
ionised radiation, require a proper choice of
biological systems that would equally create
the potential for extrapolations of data to other
species

Mice and rats are the most frequently
used species for toxicological studies because
they are relatively cheap experimental
subjects. In addition, there is a lot of
information about their normal development,
growth and reproduction. Finally, there is
opportunity to use experimental data obtained
from them to determine human studies (1, 2,
3).

Aside rats and mice, the peculiarities of
development, growth and reproduction are
also well studied in rabbits, being both
laboratory animals (4) and a principal food
source in some countries.

Rabbit semen could be obtained,
evaluated and tested for fertilizing qualities of
spermatozoa under controlled conditions
without artificial insemination (5) that allows
a direct comparison with human sperm
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analysis, a principal component of
reproducible and toxicological studies in
humans (6).

Ionised radiations, depending on
irradiation parameters, influence to an extent
the volume, spermatozoa concentration in
semen, their motility, morphology, as well as
the nuclear chromatin structure of germ cells
(7, 8, 9). While radiation-induced death of
radiosensitive populations of stem cells results
in temporary or permanent sterility, DNA
changes, when impossible to be repaired,
could be converted in  reciprocal
translocations, sister chromatid exchange,
dominant lethal mutations and abnormalities
in spermatozoa that could have a negative
impact in next generations (10, 11, 12). These
situations thus pose a great danger to
reproductive biology.

Therefore, the aim of the present study
was to evaluate the quality of semen in male
rabbits exposed to various doses of gamma
radiation.

MATERIAL AND METHODS

Adult White New Zealand male rabbits, aged
4.5 months, were used in the experiment. All
animals had body weight of 4.0 - 4.5 kg and
were placed under identical conditions of
feeding and housing (individual cages) prior
to and during the study.
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The experimental groups (with 6
animals in each) were formed as follows:

Group I: rabbits irradiated at 0.5 Gy;
Group II: rabbits irradiated at 1.5 Gy;
Group III: rabbits irradiated at 2.5 Gy;
Group IV: non-irradiated  rabbits
(controls).

The rabbits were subjected to whole-body
irradiation using a “’Co gamma equipment
(Rokus) at dose density of 24 cGy/min. The
exposure dose was calculated according to the
geometrical parameters of the source, its
power and the source-object distance (13).
After the procedure, a 10-day period of

adaptation of irradiated individuals was
allowed.

As  controlled  parameters, the
spermatozoa counts in semen and the
percentage of pathological forms were

monitored prior to and at 10-day intervals
after the irradiation, up to the 60™ day. The
semen was obtained by the artificial vagina
method of Morrel (14) at the respective time
intervals. The percentage of pathological
forms in 500 cells per rabbit at least was
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determined after straining with eosin-nigrosin.
Three months after the irradiation,
cytogenic analysis was made using
spermatocytes in diakinesis Metaphase I. The
aim was to determine the frequency of
reciprocal translocations that have been
induced in the spermatogonia. The method
used was according to that of Evans et al. (15)
but modified for rabbits by the Laboratory of
Radiation Genetics at the National Centre of
Radiobiology and Radioprotection. The
resulting method was a combination of several
procedures of protocols described by Evans,
et al, and Schleiermacher (16), and the
modification for rabbits was only for the
initial  preparation, 1i.e. the hypotonic
processing of specimens and its duration.

RESULTS AND DISCUSSION

The results of determination of spermatozoa
concentration in semen of irradiated rabbits
showed a dose-dependent pattern. In all three
irradiated  groups, spermatozoa  counts
decreased progressively up to post irradiation
day 60 (Figure 1).
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Figure 1. Changes in the spermatozoa counts in the semen of rabbits, irradiated within the dose range 0.5-

2.5Gy

In the 0.5 Gy group, this parameter ranged
from 158+20 — 67+18 x 10° within the
interval  10"—60™ day post irradiation
respectively, the differences being significant
after the 30" day (p<0.05). The most marked
reduction in spermatozoa counts at this dose
occurred between the 40" and the 50" day, the
spermatozoa counts by day 50 being twice
lower than that at the 40" day.

The exposure to higher doses, 1.5 Gy and 2.5
Gy resulted in more reduction of spermatozoa
counts with time. As early as the 20" day, the
counts were significantly lower compared to
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controls (138+16 x 10° — 9146 x 10°.
Between post irradiation days 40 and 50 the
reduction in the 1.5 Gy group was by 50%
whereas in the 2.5 Gy group, by 70%. The
lowest values of this parameter were
determined by day 60 — 27+5 x 10° and
1140.8 x 10°, for 1.5 Gy and 2.5 Gy groups,
respectively.

The analysis of data on the teratogenic
effect of acute irradiation showed elevated
percentages of pathological spermatozoa in
the semen of irradiated rabbits (Figure 2, 3,
4).
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Figure 2. A primary abnormality — a microhead
defect

Figure 3. Secondary abnormality — a detached
head defect

8

Figure 4. Primary abnormality — asymmetrically
short body, secondary abnormality — detached tail
defect.

The percentage of pathological forms in
semen of exposed rabbits correlated positively
with increase in applied dose.

While in the 0.5 Gy group, there was no
increase in abnormal sperm counts over the
physiological range during the entire period of
the study, the exposure to 1.5 Gy resulted in
significant increase in the percentage of
pathological spermatozoa after the 40™ day.
By post irradiation day 50, the pathological
percentage decreased to 22% and thereafter
augmented to 26% by day 60.

The changes in this index of semen
quality in the 2.5 Gy group followed the
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tendencies observed in rabbits exposed to 1.5
Gy, but more enhanced. The peak of abnormal
sperm cells was again by day 40 — 52%. By
day 50, pathological spermatozoa decreased to
28%, with a subsequent elevation to 38% by
post irradiation day 60.

The results of the cytogenetic analysis

confirmed the data on the negative effect of
radiation within the 0.5-2.5 Gy range on
spermatogenesis in irradiated rabbits.
In studied metaphase plates, a dose-dependent
increase in the incidence of reciprocal
translocations induced in spermatogonia and
detected at the spermatocyte stage in
diakinesis Metaphase I was exhibited.

In rabbits exposed to 0.5 Gy, only RIV
configurations were observed.

The irradiation at higher doses: 1.5 and
2.5 Gy resulted in frequency of cells with
translocations of 2,33+0,44 and 3,5+0.87,
respectively.  Both  ring and  chain
quadrivalents were observed. In one of the
rabbits irradiated at 2.5 Gy, metaphases
involving both RIV and CIV configurations
were present (Figure 5).
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Figure 5. Metaphase plate with RIV and CIV
quadrivalents

The data of semen analysis of male rabbits,
irradiated with the dose range 0,5 Gy — 2,5 Gy
showed a dose-dependent aggravation of
spermatogenesis  defects, manifested by
elevated pathological spermatozoa
percentages in the ejaculate on one side (17)
and reduced spermatozoa counts on the other
(18). These processes are, to a significant
extent, influenced by the cell stage at the time
of radiation exposure.

One the most sensitive visible
indicators of the mutagenic effect of ionised
radiation is the change in the shape of
spermatozoa. The induced morphological
alterations were probably due to either
damage of responsible genes or their
expression. According to Martin et al (19)
mutagens cause rather dominant lethal
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mutations in  genes that determine
spermatozoa morphology than chromosome
aberrations.

Our results on the  genetic
radiosensitivity ~ (induction of reciprocal
translocations) in spermatogonia, correlate
with the results of semen quality evaluation.
Literature data (20,21) showed that some
translocations provoke a complete or partial
discontinuation of spermatogenesis both prior
to and after meiosis, and other changes could
not be detected at all. This should be
considered in the final interpretation of
radiation-induced translocations.

CONCLUSION:

Our data showed a dose-dependent alteration
in semen quantity and quality. The
cytogenetic analysis confirmed the observed
relationship in the parameters of irradiated
rabbits. The most visible negative effect
accompanied by increased incidence of
reciprocal  translocations,  induced in
spermatogonia, occurred after exposure to the
highest dose — 2.5 Gy, suggesting aggravation
of negative changes with increase of the
challenge dose.

REFERENCES

1. Sankaranarayanan, K.
and genetic risks.

Ionising radiation
X. The potential

““‘disease  phenotypes’> of radiation-
induced genetic damage in humans:
Perspectives from human molecular

biology and radiation genetics. Mutat.
Res. 429, 45-83 (1999).

2. Van Bool, P. P., De Rooij, D. G,
Zandman, I. M., Grigorova, M., Van
Duyn, A. X- ray-induced chromosomal
aberrations and cell killing in somatic and
germ cells of the scid mouse. Int. J.
Radiat. Biol. 67, 549-555, 1995.

3. Russell, W.L., Bangham, J.W and L.B.
Russell. Differential response of mouse
male germ-cell stages to radiation-induced
specific-locus and dominant mutations.
Genetics 148:1567-1578, 1998.

4. Manning, P.J., Ringler, D. H., Newcomer,
C. E., eds The Biology of the Laboratory
Rabbit. Academic Press, San Diego, 1994.

5. Seed, J., Chapin, R. E., Clegg, E. D.,
Methods for assessing sperm motility,
morphology and counts in the rat, rabbit,
and dog.: A consensus report. Reprod.
Toxicol.. 10, 237-44.1996.

6. Working, P. K., Male reproductive
toxicology: comparison of the human to

10.

11.

12.

13.

14.

15.

16.

GEORGIEVAS., et al.

animal models. Environ Health Perspect.
77, 37-44. 1988.

Matsuda, T., Horii, Y., Hayashy, K.,
Yoshida, O. Quantitative analysis of
seminiferous epithelium in subfertile
carriers of chromosomal translocations.
Int J Fertil Nov-Dec 36:344-51, 1991.
Hacker Klom, U. B., Kohnlein, W.,
Kkonholz, H. L., Gohde, W. The relative
biological effectiveness of low doses of
14 MeV neutrons in steady-state murine
spermatogenesis as determined by flow
cytometry. Radiat Res Jun 153:6 734-42,
2000.

Kangasniemi, M., Huhtaniemi, I,
Meistrich, M. L., Failure of
spermatogenesis to recover despite the
presence of a spermatogonia in the
irradiated LBNF1 rat. Biol/ Reprod . Jun
54:6 1200-8, 1996.

Pomerantseva, M. D., Ramaia, L. K.,
Liaginskaia, A. M. Frequency of
dominant lethal mutations induced by
combined exposure to incorporated 137Cs
and external gamma-irradiation in mice.
Genetika Oct 36:10 1414-6. 2000.
Lepekhin, N. P., Palyga, G. F,
Consequences for the intrauterine
development of the offspring of the
irradiation of male germinal cells at
different stages of spermatogenesis
Radiats Biol Radioecol, Jul-Oct 34:4-5
645-50, 1994.

Bezlepkin, V. G., Vasoleva, G. V.,
Lomaeva, M. G., Sirota, N. P., Gaziev, A.
L., Study of genome instability using DNA
fingerprinting of the offspring of male
mice subjected to chronic low dose
gamma  irradiation.  Radiats  Biol
Radioecol. Sep-Oct 40:5 506-12, 2000.
Kostova, E., Jelev, P., Todorov, B.,
Determination  of  conditions for
homogenic irradiation of animals, using
the gamma source “Rocus”. In: Scientific
works of the Faculty of Veterinary
Medicine. St. Zagora, vol.l. Zemizdat,
Sofia (Bg)

Morrel, J.M.. Artificial insemination in
rabbits, Brit. Vet. J. 151,477-478.1995.
Evans, E. P., Breckon, G., Ford, C.E., An
air-drying method of meiotic preparations
from mammalian testes, Cyftogenetics, 3,
289-294, 1964.

Scheiermacher, E. On the effects of
trenimon and endoxan on meiosis in male
mice. I. Method of preparation and
analysis of meiotic divisions.
Humangenetik 3:2 127-33, 1966.

Trakia Journal of Sciences, Vol. 4, No.1, 2006 25



17.

18.

19.

26

Lion, M.F. Sensitivity of various germ-
sell stages on environmental mutagens.
Mutat. Res. 87, 323-345.1981.

Hasegawa, M., Y. Zhang, H. Niibe, N.
Terry and M.L. Meistrich, Resistance of
differentiating spermatogonia to radiation
induced apoptosis and loss in p53-
deficient mice. Radiat Res 149:263-270,
1998.

Martin, R. H. and A. Rademarker,. The
relationship between sperm chromosomal
abnormalities and sperm morphology in

20.

21.

GEORGIEVA S., et al.

humans. Mutat Res Mar-Apr 207:3-4 159-
64, 1988.

Brinkworth, M.H,. Paternal transmission
of genetic damage: findings in animals
and humans. Int J Androl 23:123-135,
2003.

Sankaranarayanan, K., Ionising radiation
and genetic risks. II. Nature of radiation-
induced mutations in experimental
mammalian in vivo systems. Mutat Res
Jul 258:1 51-73. 1991.

Trakia Journal of Sciences, Vol. 4, No.1, 2006



