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Quantitative variations in ovarian follicles of female Sprague Dawley rats
after exposure to low dose gamma radiation
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Abstract: In the present experiment, an attempt was made to assess the genetic risk of low dose radiations in
mammals. For this purpose female Sprague Dawley rats, 11-12 weeks old, were irradiated with whole body Co 60
gamma rays in three fractionated doses of 0.10 Gy (cumulative dose 0.30 Gy) given at an interval of one month at
two different dose-rates (0.00368 Gy/min. and 0.0589 Gy/min.). Ovaries were studied for quantitative evaluation of
follicles at 1, 4, 12, 28 and 52 weeks after last fractionated exposure. Quantitation revealed lower number of ovarian
follicles in irradiated animals than in controls. The follicular number decreased with the advancement of time after
last exposure (i.e. 2 months) and reached a peak level on 28 weeks. After that the recovery was evident but the
number remained below 25% of total follicles even at 52 weeks autopsy interval, which indicated an irreversible
damage in ovarian tissue. Primary follicles were found to be the most radiosensitive among the various types of
follicles. The highest loss in these follicles was noted at 12 weeks after exposure with the high dose-rate, where only
10.61% of them were scored. Dose-rate exhibited an inverse relationship with the number of surviving follicles. At
the higher dose-rate (0.0589 Gy / min.), depletion in the total follicular number was significantly higher than at the
low dose-rate (0.00368 Gy/min.) used.
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INTRODUCTION development are more difficult to account for the
. : . female than the male, since no new oocytes arecfdirm
Despite an expanding ba§e of knowled.ge. CONCeMING, the mammalian ovary after puberty. It is cleaatt

effects of exposure to high dose radiations, many,, . 5 quantitative study would provide a meanihgfu

'Sscl;es St'lclj. remﬁun_ unresol\:‘eld thgt are %ssdennal !'answer to the problem. The object of this work teas
understanding the impact of low dose and dose-ratgyq ity those stages of follicular development in

radiations. Human epidemiologic data on quantiativ female Sprague Dawley rats which are markedly

risk_ OT ovarian failure following exposure to io'm'g ffected by the known variation in dose-rates of
radiation are scarce and based either on acudentj\ diation

exposure or medical exposure for radiotherapy an
radiological diagnosis. Therefore, the most compre-MATERIALS AND METHODS
hensive data on the genetic hazard of ionizingataat
come from experiments with the laboratory animals
which can be used to estimate relative risks of \ew
high dose-rate exposure especially at the low doses
Gonads have been found to be quite radiosensitiv
organ in the body of living beings. Female fenilib
mammals is comparatively a more sensitive paramete
because the total number of follicles is fixed la¢ t
time of birth and damage to the system cannot lee-ov
come by the division of surviving cells as therenés
regenerative potential in ovaries (Greenwald ang, Ro
1994, Bristol-Goulkt al., 2006).

Radiotherapy is now a well-known cause of ovarian
damage (Agarwaét al., 2004, Sonmezer and Oktay,
2008, Anderseret al., 2012). Differences in radio
sensitivity of germ cells in different stages of

Female Sprague Dawley rats, 11-12 weeks old, were
selected from the inbred colony and divided int@ tw
groups. One group was exposed to Co 60 gamma rays
of 0.10 Gy at the dose-rate of 0.0589 Gy/min. and
Surther exposed to same respective dose and datge- r

t an interval of one month. Total dose delivened i
hree fractionated doses to the groups was therefor
0.30 Gy. The other group was exposed as abovetbut a
the dose- rate 1/16of the above i.e. 0.00368 Gy/min.
A Sham-irradiated control animals were maintaired f
the comparison. Ovaries were taken out after 1,24,

28 and 52 weeks after the last fractionated exgosur
and were studied for quantitative studies. Theltota
number of follicles was computed according to the
method described by Mandl and Zuckerman (1951)
and Pedersen (1969). Statistical analysis wasechrri
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The animal care andThe decreased number of_ growing follicles was also
| noted in the current experiment (Table 1). In tyge
1a‘oIIicIes, the maximum loss (65.71%) was noted at
week autopsy interval and for type V the maximum
loss was (57.87%) at 1 week autopsy interval in the
high dose-rate group (0.0589 Gy/min.) (Table 2)isTh
might be due to the depletion of primary follicles
which would have otherwise grown to multilayered
follicles. Similarly, minimum percent survival foype

VI was observed in the high dose-rate group btiet

52 weeks autopsy interval (20.05%). The decrease in
the percent survival reached the peak level at @8k

for all the follicles in the ovary and then the oeery
was obtained but the number remained below 25% of
the control (Fig. 3).

The present results showed that radio sensitivity o
doocytes during growth from primordial follicle to
graafian follicle decreased steadily up to stagbuv
after which it again increased. As the oocytes
increased in volume, the size of follicle also gased
with the formation of the layer of granulosa ceks.
connective tissue theca surrounded the oocyteshend
basal lamina separated the follicle from the
surrounding stroma (Anderson, 1979). The develop-
ment of theca reduced the radiation injury to the
oocytes and the antric fluid present in graafidiicie
made the oocyte more sensitive due to the freeahdi
formation in the antral fluid. It in turn might csel
pronounced damage to oocyte. lonizing radiation
reduces preantral follicle numbers in rodents and
humans in a dose-dependent manner (Mark-Kappeler
et al., 2011). In female rats exposad uteroto 1.5 Gy
gamma-irradiation, severe depletion in oocytes was
. : evidenced by premature ovarian failure from 6 menth
(10.15%) was computed with the higher dose-rateby Mazaudet al. (2002). Various other studies have

(0.0589 Gy/min.) .Of r.adlatlon (Fig. 2). . .also demonstrated radiation-induced loss of ovarian
Present results indicated that oocytes contained N licles (Ataya et al., 1995, Lee and Yoon, 2005

primordial follicles were particularly sensitive to Pestyet al., 2010).

ionizing radiation, whereas growing oocytes WETe 11 the present study, dose-rate was inverselyaeltad

2022?;22¥exit;a22i£35ta$6 12;]6\‘7\1?15'?3:?35 tf]raet ' the survival of follicles. It was noticed for ahe post-
ir?adiation induce aImost' complete deletion of the imadiation intervals. The dependence of the sl
P small oocytes on the dose-rate and the correspgondin

pnmordlal follicle pool W'th”? a time per|(_)d of 2Hrs total accumulated dose had an exponential character
in contrast to the other growing antral follicles.

out by the Students t-test.
handling were approved by institutional ethica
committee and was done according to guidelines o
World Health Organization, Geneva, Switzerland and
Indian National Science Academy, New Delhi, India.

RESULTS AND DISCUSSION

It is a widely held view that the mammalian neohata
ovary containa finite stockpile of non-growing
primordial follicles eaclf which encloses an oocyte
arrested at the diplotene stepddiotic prophase (Kerr
et al., 2006, Albertini, 2004, Greenfeld and Flaws
2004, Telferet al., 2005).lonizing radiation possess a
threat to oocytes leading to their destruction g@iri
1992). The degree of ovarian impairment is related
the volume treated, total irradiation dose, frawditon
schedule and age at time of treatment (Meirow an
Nugent, 2001; Wallacet al., 2005).

The radiation sensitivity of ovaries depend on salve
factors like the developing stage of cell, aninpddes
involved, dose of irradiation, dose-rate used and o
post irradiation time (Aurorat al., 2012, Adriaengt
al., 2009). Quantitation of the follicles in the presen
experiment showed that they have varied radio
sensitivity. Primary follicles were found to be rhos
sensitive among the various types of follicles. The
highest loss in these follicles was noted at 12ksee
after exposure with higher dose-rate where only
10.61% of them were visualized (Fig. 1). In type I
follicles, the maximum loss was noticed at 4 weelks
autopsy interval, when exposed at the rate of ®058
Gy/min. Here, 9.67% of these follicles were noticed
At 28 weeks minimum percentage of survival follgle

Table 1. Number of ovarian follicles (Mean = SE) at varicaistopsy intervals after exposure to cumulative da8® Gy
gamma rays at the dose-rate of 0.00368 Gy/min. (Me&E of 12 replicates).

Al Type | Type Il Type Il Type IV Type V Type VI Total Follicles

1 984.67+127.5 534.00+55.33 161.33+20.60 112.00+18.52 82.66+7.57 62.33%x8.32 1937.00+145.66
(46.60)* (31.43)# (33.38)# (48.38) (58.04)# (49.49)# (39.56)#

4 492.33+£17.09 216.00+44.64 122.66+10.40 80.33+6.02  73.338.50 56.00+9.84 1040.66+61.49
(24.49)* (16.26)# (30.21)# (49.66) (67.36)# (63.21)* (25.27)#

12 212.66x17.55 177.33x11.59 86.33+7.09  70.66+12.85 65.33+15.04 40.66+13.57 653.66+17.62
(11.68)# (17.37)# (23.21)# (52.18) (70.03)0 (49.56)* (18.36)#

28 175.66+30.82 130.33+17.47 57.66%7.09 50.33+2.08  37.00+2.64 30.00+3.00  481.00+23.81
(13.19)# (14.69)# (20.37)# (59.25) (67.30)0 (73.95)0 (17.95)#

52 112.00+12.76 88.00+18.69 50.33+4.04 39.00+6.56  36.33+3.06 27.66+3.05  353.33+32.25
(20.05)# (19.26)# (26.11)# (63.1) (81.37)0 (71.33) (25.72)#

#: P<0.001; *: p< 0.01; °: P< 0.05, Al: Autopsyantal in weeks; Values in brackets are the persentival of follicles
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Fig. 1. Percent survival of type 1 follicles at various autopsy
intervals after gamma irradiation exposure to female Fig.3. Percent survival of total follicles at various autopsy
Sprague Dawley rats. intervals after gamma irradiation exposure to female

Sorague Dawley rats.
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Fig. 2. Percent survival of type Il follicles at various
autopsy intervals after gamma irradiation exposure to Fig. 4. Percent survival of various types of follicles at 1 week
female Sprague Dawley rats. autopsy interval after gamma irradiation.

(Pistrzakflis and Gomulka, 1984). A dose-rate dffec In mature and maturing oocytes, dose- rate change
was most clearly marked in the rats (Benataal, from 1000 r/min. t00.009 r/min. resulted in a conti
1985). In the present experiment, the total no ofous drop in mutation frequency. Large total doskes o
surviving follicles decreased with the advent ofsé  high dose-rate irradiation given in small fractioas
rate and the time after irradiation. After 1 wedklee appropriate intervals had reduced effects as coadpar
last fractionated exposure, at the higher dose-ratéo single dose (Nias, 1998, Hall and Giacia, 2008).
(0.0589 Gy/min.), depletion of the follicle typeM, VI When the dose-rate was low enough, the process of
was significantly higher than the low dose rate recovery could take place. This replenished thé cel
0.00368Gy/min.(Fig. 4). population which was lost through damage. Repair of
In females, the response to dose-rate was quitelamage within the nucleus of injured cells reduited
different from that in the males. It is suggesthdtt total amount of damage that existed within thescatl
changes in the chromosomal configuration of théscel any given moment during exposures. High dose-rate
were responsible for the marked differences inradiations are mutagenic in nature. Maturing oatyte
radiosensitivity. The primordial oocytes of micedan with induced mutation do not recover from radiation
rats contain irregular masses of heterochromatire T arrested oocytes. The efficient repair processe® ha
chromosomes at the dictyate stage consist of as#iff  been invoked to explain latter finding. The proteac
lamp brush condition in which the loops are highly dose drastically reduced mutation yield from mature
extended oocytes in which the lamp brush loops areand maturing oocytes. A dose protraction effect was
condensed and surrounded by a dense sheath dfemonstrated at an early developmental stage viteen t
ribonucleoprotien are resistant to radiation inducell nuclear morphology of mice oocytes resemble with
death but the cells having highly extended human (Russell and Russell, 1992).

chromosomes surrounded by a thin sheath of ribdt has been testified that the oocytes die by aymipt
nucleoprotien as in the primary oocytes of rodents. after irradiation (Hanowet al., 2007). The marked
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Table 2. Number of ovarian follicles at various autopsyeimtls after exposure to cumulative dose of 0.3@&yma rays at
the dose-rate of 0.0589 Gy/min. (Mean + SE of Jficates).

Al Type | Type Il Type llI Type IV Type V Type VI Total Follicles

1 602.33463.35 449.00+54.83 140.00+16.09 79.67+#5.03 60.33x2.08 92.67+2.52  1374.00%77.99
(28.13)# (27.32)# (29.37)# (34.29)# (42.13)# (33.63)* (28.02)#

4 353.67455.59 129.00+19.70  91.00+3.61  59.33+4.73 55.33+5.13 35.67+3.06  724.00+72.34
(17.45)# (9.67)# (22.29)# (36.70)# (50.55)# (40.35)# (17.51)#

12 194.66+15.27 163.00+18.64 60.66+3.57  53.00+5.00 40.66+2.51 37.00+2.00  549.00+43.86
(10.61)# (16.22)# (16.62)# (40.34)° (46.45)# (44.92)# (15.48)#

28 152.66+£10.59 90.33+10.06 60.00+4.60 39.66+8.50 30.66+2.51 29.33#4.51 402.67+25.66
(11.50)# (10.15)# (21.42)# (50.60)° (56.61)* (72.75)° (16.07)#

52 103.00+£16.37 74.67+10.26 57.3346.51 30.33x2.08 25.00£2.00 25.00£1.00 315.33£16.56
(17.95)# (16.66)# (28.74)# (49.71)* (55.53)# (65.67)° (22.88)#

#: P<0.001; *: p< 0.01; °: P< 0.05; Al: Autopsyantal in weeks; Values in brackets are the persentival of follicles.

reduction in cell killing is observed when the doate Raven Press, New York. pp, 91-105.

is lowered, indicating that the initial radiatioardage  Ataya, K., Pydyn, E., Ramahi-Ataya, A. and Orton, C.G

can be partially repaired before it leads to celatti. (1995). Is radiation-induced ovarian failure in she

Further several minor complexities in the effect of monkeys preventable by luteinizing hormone relegsin

radiation on reproductive life span are present. Fo hormone agonists? preliminary observatiods.Clin.

example apoptosis occurs at each stage of follicula ~ Endocrinol. Metab., 80:790-795.
development and there is a marked reduction in theéiurora, R.-H., Francisca, G. and Montserrat, G.C. 2301
number of follicles present at birth (Markstraanal. Radiobiology and Reproduction: What Can We Leam

2002)in normal unirradiated females and it is possible from Mammalian FemalesZenes, 3: 521-544.
P Benova, D.K., Balrakova, A.K., Vuglenov, A K., Kuskev

that radiation induced depletion in the populatiain R.P. and Rupova, I.M. (1985). Assessment of the
oocytes may have some effect on the rate of the  genetic risk of radiation by irradiation data from
process. laboratory mammalsGenetika., 21: 574-581.

The late effects of irradiation then had been wlace Bristol-Gould, S.K., Kreeger, P.K., Selkirk, C.G., lédi
back to the immediate damage which is simply early =~ S.M,. Mayo, K.E, Shea, L.D. and Woodraff, T.K.
cell killing. This suggests that serious considerat (2006). Fate of the initial follicle pool : Empietand
should be given to the possibility that the celidasis mathematical evidence supporting its sufficiency fo
for some apparently complex late effects might be adult fertility. Developmental Biology, 298:149-154.

. . .~ “Crisp T. M. (1992). Organization of the ovarian ifd# and
traced back to the cell death immediately following events in its biology: oogenesis, ovulation or sifre

irradiation. Mutation Res., 296: 89-106.

Conclusion Greenfeld, C. and FIaV\./s,.J. A. (2004). Reneweq dabate
postnatal oogenesis in the mammalian ovBigessays,

From the results, it is concluded that there is a  26:829-832.

continuous fall in number of ovarian follicles dwt Gree;glelglpmihst' aggditngg’ntrc?ll (Iéd S(.lgé"‘)kn:;:”c;'gr

st Iradalon e s exended, ouggests M N oh i ptton. hew o

infertility | | Raven Press. pp. 629.
infertility In mammals. Hall, E. J. and Giaccia, A. (2008). Radiobiology fitve
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