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Research Highlights

e -Exposure to uranium low dose on a rat model, male and female, induces global DNA
methylation changes in FO gonads.

e -The changes are conserved through F1 and F2 generations.

e -These modifications are associated with variations in methylation /demethylation gene
expression.

Abstract

Introduction: An increased health problem in industrialised countries is the contemporary
concern of public and scientific community as well. This has been attributed in part to
accumulated environmental pollutants especially radioactive substances and the use of nuclear
power plants worldwide. However, the outcome of chronic exposure to low doses of a
radionuclide such as uranium remains unknown. Recently, a paradigm shift in the perception of
risk of radiotoxicology has emerged through investigating the possibility of transmission of
biological effects over generations, in particular by epigenetic pathways. These processes are
known for their crucial roles associated with the development of several diseases.

Objective: The current work investigates the epigenetic effect of chronic exposure to low doses
of uranium and its inheritance across generations. Materials and Methods: To test this
proposition, a rodent multigenerational model, males and females, were exposed to a non-toxic
concentration of uranium (40 mg L' drinking water) for nine months. The uranium effects on
were evaluated over three generations (FO, F1 and F2) by analysing the DNA methylation profile
and DNMT genes expression in ovaries and testes tissues.

Results: Here we report a significant hypermethylation of testes DNA (p <0.005) whereas
ovaries showed hypomethylated DNA (p <0.005). Interestingly, this DNA methylation profile
was significantly maintained across generations FO, F1 and F2. Furthermore, qPCR results of
both tissues imply a significant change in the expression of DNA methyltransferase genes
(DNMT 1 and DNMT3a/b) as well. Conclusion: Altogether, our work demonstrates for the first

time a sex-dependance and inheritance of epigenetic marks, DNA methylation, as a biological



response to the exposure to low doses of uranium. However, it is not clear which type of

reproductive cell type is more responsive in this context.

Keywords
DNMTs, TET, global DNA methylation, epigenetic, gonads; multigenerational model, uranium,

chronic low-dose

1. Introduction

Environmental risks have been linked to significantly impact human health. Although, the
specific contribution of environmental factors to the distribution of health and diseases can not be
previously determined. The recognition that exposure to environmental toxic including radiation
could produce DNA damage is a major mark. Recent evidence suggest that molecular influence
of the environment may extend beyond the interaction with DNA.

Epigenetics corresponds to the study of changes in gene activity, without modification of the
DNA sequence. Epigenetic changes are reversible and can be transmitted to multiple generations.
The most commonly studied mechanism is DNA methylation defined by the addition of a methyl
group at the carbon 5 of cytosine. DNA methylation is an epigenetic regulatory mechanism
critical for proper development, with central roles in genome stability, X chromosome
inactivation, and genomic imprinting (Bird, 1992; Russo V.E.A. et al., 1996). This epigenetic
process is controlled at several different levels in cells and is carried out by a group of enzymes
called DNA methyltransferases (DNMTs) which are required for establishment and maintenance
of DNA methylation patterns.

Radionuclides such as uranium are ubiquitous chemicals that interfere with growth and
development. Several radionuclides also interfere with epigenetic programming (Merrifield and
Kovalchuk, 2013; Xin et al., 2015). The heritable nature of epigenetic changes also raises the risk

for transgenerational inheritance of phenotypes (Angers et al., 2010).

Recently, several in vivo studies have shown that uranium can affect different physiological
processes like intestinal inflammatory pathways, the reproductive system, brain, antioxidant

system, and xenobiotic metabolisms (Briner, 2010; Dublineau et al., 2006; Feugier et al., 2008;



Legendre et al.,, 2016; Lestaevel et al., 2009; Souidi et al,, 2009). Recent studies in vivo
demonstrate that U has an epigenetic effect particularly in DNA methylation process (Gombeau
et al., 2016; Miller et al., 2009; Su et al., 2006). However, the epigenetic consequences of long-
term effects of low-dose natural uranium contamination on health across generation are still
unknown.

To mimic environmental contamination, especially among children, who are identified as the
vulnerable population, in our multigenerational model, male and female rats were chronically
exposed from birth to adulthood over a continuous 9-month period.

The aim of the current investigation was to establish for the first time (i) whether low dose
chronic exposure to Natural Uranium (NU) could induce epigenetic effects (DNA methylation)
in gonads of rats, (i1) whether the methylation and demethylation enzymes gene expression
displayed some degree of sex-dimorphism, (iii) and whether these effects could be conserved

across generations.

2. Material and methods

2.1 Experimental design and contamination

All experimental procedures were approved by the Animal Care Committee of the Institute of
Radioprotection and Nuclear Safety (IRSN) and complied with French regulations for animal
experimentation (Ministry of Agriculture Act No.87-848, October 19, 1987, modified May 20,
2001).

Sprague-Dawley rats, 12 weeks old and 16 days pregnant, were obtained from Charles River
Laboratories (L’Arbresle, France). They were housed individually and maintained in a 12h
light/12h dark cycle (regular cycle) at 21 °C and 50% humidity, with access ad libitum to a
standard rodent pellet diet and water. After weaning, mothers were euthanised because they were
not utilized in the study . Male and female offsprings were housed, each paired with a rat from a
different mother (assigned by randomization).

Three generations of male and female rats (FO, F1 and F2) were generated: indeed, FO generation
male and female rats were contaminated via drinking water supplemented with NU at a

concentration of 40 mg L' (dose about 1 mg-day ! per rat) from birth until nine months of age.



The dose of NU ranged from triple the highest uranium concentration of 12.4 mg L' naturally
founded, in water in Finland (Salonen, 1994). Experiments were performed using natural uranium
(UO2) (Olympic) was obtained from CERCA (Pierrelatte, France) (Grison et al., 2013). FI
generation male and female rat’s offsprings were exposed to NU in utero and throughout
lactation via the mother’s milk after birth until weaning corresponding to postnatal day 21. After
weaning, F1’s rats were not directly exposed to NU until they reached nine months of age. F2
male and female offspring rats were not exposed directly to NU. Control female and male drank
non-contaminated water. NU was dissolved in mineral water and prepared in its uranyl nitrate

hexahydrate and presented a specific activity of 2.42 x 10" Bq-g™!.

2.2 Measurement of natural uranium accumulation

After removing, testes and ovaries were stored at —20- C. Samples were prepared by adding 8 mL
of 69% nitric acid (ARISTAR) and 2mL of 30% hydrogen peroxide. Samples were then
mineralized using a 1000 W microwave (Ethos Touch; Milestone Microwave Laboratory
Systems, Italy) with a 20min ramp to 180°C, followed by 10 min at 180°C. The uranium content
of samples was determined using an inductively coupled plasma mass spectrometer (ICP-MS X
series 2, Thermo Electron France) with bismuth (1 pg-L!) as internal standard. For uranium,
ICPMS limit detection was 10 * ug-L!. Five measurements were performed per sample. Values
were expressed as nanograms per gram of fresh tissue. The quantification limit of uranium is 1

ng. L.

2.3 Epigenetics analysis in testes and ovaries

2.3.1 DNA extraction and global DNA methylation

Testes and ovaries were snap-frozen without albuginea in liquid nitrogen, and stored at —80° C.
DNA from 10 mg ovaries and testes tissues was extracted using the QIAmp Mini kit (Qiagen,
France) according to the manufacturer's instructions.

The difference in methylation profile in the testes and ovaries tissues was identified using 5-mC
DNA ELISA kit (Zymoresearch, California, USA). The methylation level of gDNA samples was

elucidated as per the protocol and guidelines mentioned in the kit. The negative and positive



controls consisting of 100 ng/ul. double-stranded DNA, was included in each run. The standard
curve was prepared using multiple combinations of negative and positive controls according to
manufacturer’s instruction. The absorbance was measured at 450 nm using TECAN reader
(Infinite® 200 PRO NanoQuant Plate Reader). The results were validated using duplicate

samples.

2.3.2 RNA extraction and qPCR

Total RNA was extracted from testes and ovaries samples, using mirVana™ miRNA Isolation
Kit (Ambion, cat.no.1560). The NanoDrop apparatus (ThermoFisher Scientific, Cergy Pontoise,
France) was used for determining the concentration of RNA ng/ulL. lpg of total RNA was
reversely transcribed using High-Capacity c¢cDNA Reverse Transcription Kit (Applied
Biosystems, Courtaboeuf, France) according to the manufacturer’s instructions. Real-time qPCR
was performed with QuantStudio 12K Flex Real-Time PCR System (ThermoFisher Scientific,
Cergy Pontoise, France) using TAQMAN (Applied Biosystems) , to analyse the mRNA levels of
demethyls genes TET1 (Rn01428192 m1), TET2 (Rn01522037 m1), TET3 (Rn01425643 m1),
TDG (Rn00821513 ml), and using SYBER Green® (Applied Biosystems) to analyse the
mRNA levels of methyltransferases: DNMT1, DNMT3a, DNMT3b, DNMT3I (Table 1), Relative
quantification in genes mRNA expression in gonads were calculated with real efficiency of each
couple of primers using e-ACT method and HPRT, f2M and ACTB as internal controls. All
samples were normalised to three most stably expressed genes in rat testes and ovaries: ACTB, b
microglobulin 2 (bmg 2) and hypoxanthine-guanine phosphoribosyltransferase (HPRT). In order
to normalise the mRINA expression of target genes, we used the geometric mean of these three
referenced genes. All RT-qPCR results are expressed as mean + SEM and compared to

expression levels of the non-exposed group.

Statistical Analysis

Results are expressed as mean + SEM (Standard Error of Mean), Student’s t-test was routinely
performed for statistical analysis of data, and was replaced by Mann-Whitney Rank Sum Test
when the equal variance test failed (determined by Sigmaplot Stat software). Differences were

considered statistically significant when p <0.05.



3. Results:

3.1. Health Parameters

The chronic low dose exposure to NU didn’t change food intake, water consumption (data not
shown) and organ (ovaries and testes) weights for the generations FO and F1, as they were
compared to their age-matched control groups (Table 2).

Although, exposure to NU increased significantly relative ovaries and testes weight of the

generation F2 compared to control rats (Table 2).

3.2 Uranium quantification in testes and ovaries

Uranium concentrations in the gonads of FO male and female rats exposed to 40 mg-L! NU were
significantly increased compared to control rats (2-fold testes, 3-fold ovaries) (Table 3). As for
the 2™ generation (F1), no significant difference was observed between rats exposed and controls

ones (Table 3).

3.3 Global DNA methylation

The first generation (FO) analyses reveal a hypermethylation (17 %) in testes tissue; however,
DNA in ovaries was significantly hypomethylated (18 %) (Figurel A and B). In F1 and F2 testes
tissue, we observed a DNA hypermethylation (41%) and (32 %) respectively (Figure 2 A and C).
In contrary, in F1 and F2 ovaries tissue, DNA was significantly hypomethylated (41 % and 21 %,
respectively) (Figure 2 B and D).

3.4 DNA methyltransferases genes expression

The gene expression of the methylation enzyme DNMT3L was significantly decreased (p <
0.001) only in FO male rats exposed to NU compared to control ones (Figure 3 A). On the other
hand, we showed an overexpression of DNMT1 (p <0.01) (F2) and DNMT3a (F1 and F2) (p
<0.001) methylation enzymes genes compared to the control rats (Figure 3 C and E).



Concerning the expression of the methyltransferases genes in FO female rats, we did not observe
any differences between the two groups of rats. In contrary, we showed an overexpression of
methylation enzymes genes of DNMT1, DNMT3b and DNMT3L in the ovaries of the NU
exposed generation F1 compared to the controls ones. For the generation F2, only a significant
overexpression of DNMT1 gene (p <0.001) was observed (Figure 3 B, D and F) in NU group

compared to control group.

3.5 DNA demethylation genes expression (TETs, TDG)

We did not observe any modification of the gene expression of the enzymes involved in the
demethylation (TET and TDG) in the ovaries of the three generations compared to control
(Figure 4 B, D and F). Therefore, in testes, NU exposure did not induce a significant effect on the
gene expression of these enzymes for the generations FO and F1 (Figure 4 A and B). Nonetheless,
we demonstrated, in the ovaries tissue of the generation F2, a significant decrease in the
expression of demethylases in NU group compared to control group (Tet 2, Tet 3 and TDG)
(Figure 4 E).

4, Discussion

Current understanding of molecular basis of major diseases relies on mechanisms beyond genetic
mutations and transcription factors (Denis, 2010). Therefore, epigenetic changes, especially DNA
methylation, that are mitotically stable represent a novel mechanism through which gene
expression and cellular phenotypes are regulated (Wolffe and Guschin, 2000). It is widely
accepted that environmental stress alters epigenetic marks, which in turn may lead to the
development of diseases (Lo and Zhou, 2014). Previous studies demonstrated that exposure to
low doses of chemical compounds dispersed in the environment can significantly impact
biological, behavioural and metabolomics processes (Bonvallot et al., 2013; Dudka et al., 2014,
Grison et al., 2016; Rochester, 2013; Xu et al., 2013). However, in the field of radioprotection,
few studies have reported the epigenetic effects mediated by exposure to low doses of
radionuclides. With this, we showed epigenetic effects of chronic exposure, via drinking water, to

supra-environmental NU dose. First, we were interested in uncovering an epigenetic change in



gonads induced by chronic exposure to low doses of NU. Furthermore, a comparison of the
gender-related response to NU to reveal any sexual dimorphism associated with exposure. Our
results demonstrated that NU exposure affected the global DNA methylation status in the first
generation of rats FO. We further found that the global epigenetic profile was conserved both in
F1 and F2 gonads of male and female rats, though the modification of the methylation profile is
not identical. For the first time, we report that chronic low-dose exposure to NU for nine months
affects the total genome-wide cytosine methylation in male and female rats. In first generation
(FO), global increases in methylated cytosine were detected in the testes while gonads of female
rats showed hypomethylation of genomic DNA. This global DNA methylation profile is sex-and
tissue-specific. This could be linked to the significant accumulation of uranium in gonads of the
first generation as confirmed, in the same animal model, by (Paquet et al., 2006). Our present
finding of hypomethylation in FO ovaries and hypermethylation in FO testes, suggest that chronic
low-dose exposure to NU induces a differential sex and tissue-dependent response.

A recent in vivo study carried out on zebrafish model (Daino rerio) has revealed that U induced
DNA methylation in the gonads, eyes and brain (Gombeau et al., 2016). In rat’s model, exposure
to U induced a hypermethylation in renal tissue (Souidi M. et al., 2016). Furthermore, in workers
at Chinese uranium mining, Su et al. have previously reported that the methylation rate of tow
genes involved in lung cancer was increased significantly with the cumulative doses of radon, a
uranium radioactive daughters (Su et al., 2006).

In the current study, epigenetic changes observed in males and female FO rats were not associated
with harmful effects as has been shown previously (Grison et al., 2016) which suggest that our
experimental model was adapted to the chronic low dose exposure of NU. The next question is:
Are these epigenetic effects preserved over the following generations F1 and F2? Indeed, these
epigenetic effects could be reversible but also could be transmitted over generations (Heard and
Martienssen, 2014). In the current study for the first time, we demonstrated in our
multigenerational experimental model that global DNA hypermethylation in male rats and DNA
hypomethylation in females were stable and conserved on male and female gonads for F1 and F2
generations.

This epigenetic signature is one more time sex and tissue dependent. The stability of this
epigenetic mark could be explained by the direct multigenerational exposure of parents (FO) and

subsequent generations (F1 / In utero (fetus), and with an indirect way (F2 / In utero (gonads of



the fetus). The mechanism of heredity could also explain the conservation of this signature
through the generations (Angers et al., 2010, Heard and Martienssen, 2014). Indeed, it has been
shown in other experimental models exposed to other types of environmental pollutants that
DNA methylation is transmitted over generations (Li et al., 2014).

DNA methylation is dependent on a family of enzymes, methyltransferase and
demethyltransferase, which plays a crucial role in the establishment of these epigenetic marks
(Zhang and Xu, 2017). DNA methyl-transferase (DNMT) enzymes catalyse the addition of a
methyl group to the cytosine base within a CpG dinucleotide context and methylation in gene
promoters is typically associated with transcriptional repression (Schubeler, 2015). Additionally,
other modifications to DNA have been described, including the conversion of methyl cytosine to
hydroxymethyl-, carboxyl-, and/or formylcytosine as part of a multi-step DNA demethylation
process (Schubeler, 2015). These modifications are catalysed by (TET) enzymes (Tahiliani et al.,
2009); the function of each intermediate modification, however, remains to be determined. It has
been shown that a disturbance of the methylation-demethylation cycle induces a deleterious or
lethal effect (Chen and Riggs, 2011). In our study, gene expression of methyltransferases
(DNMT1, DNMT 3a, 3b, 3L) was affected by U exposure in both sexes in the three generations.
In the present study, NU exposure induced a modification in the gonads of exposed adult rats.
Indeed, in the testes the overexpression of the DNMTs genes (DNMT1 (FO/F2) and DNMT3a
(F1/F2), associated with a downregulation of TET and TDG (only in the F2 generation) could
explain the hypermethylation of the DNA in this organ. Several studies have shown correlations
between the expression of these genes and the level of DNA methylation (Chen et al., 2014). On
the other hand, in the ovaries, the overexpression of these methyltransferases could be linked to a
system of compensation of the overall hypomethylation observed in the females. This
hypomethylation could explain the absence of modification in the gene expression of the TETs
and TDG involved in the DNA demethylation, although this is still unproven.

Nevertheless, we did not observe any relationship between the DNA methylation patterns and the
level of expression of genes involved in the methylation and demethylation of DNA. More
generally, it is also not possible to establish a link between DNA methylation patterns and the
transcriptomic response. The lack of correlation between the transcriptomic data and DNA
methylation may well be due to post-transcriptional effects influencing the regulation of the

activity of enzymes involved in DNA methylation, such as phosphorylation/dephosphorylation,



allosteric effects, cofactor activation or sub-unit recruitment. Although the DNA methylation
mechanism can control the expression of genes, the DNA methylation sites are spread throughout
the genome and not merely in the regulatory elements of the promoters of genes, and we did not
have assessed the methylation status of targeted promoters. Furthermore, a gene’s level of
expression is not necessarily linked with the level of DNA methylation in its regulatory elements,
and many other mechanisms such as phosphorylation/dephosphorylation of transcription factors
and chemical modifications of histones are known. As a result, it would seem to suggest a
potential link such as the correlation between the DNA methylation level and the transcriptomic

response of methyltransferases and demethyltransferases genes.

Conclusion

For the first time, in radiotoxicology, we demonstrate that chronic low-dose exposure of uranium
affects the global methylation profile in the gonads. Interestingly, this sex-dependent epigenetic
signature has been conserved across generations and associated with a modification of gene
expression of the methyltransferases/ demethyltransferases system. The observed modulations of
DNA methylation provide evidence for the concept of the existence of epigenetic effects
following chronic low-dose contamination of uranium. These results raise the question of the
physiological relevance of these epigenetic fingerprints and their importance in the fate of the
individual and his offspring regarding radiation protection. Employing the precautionary
principle in the context of chronic low doses of radionuclides may help reduce the incidence of

various diseases with currently unknown aetiology.
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FIGURES LEGENDS

Figure 1:

Percentage of global DNA methylation assessed with ELISA (means = SEM) in the testis (A),
ovaries (B) of the first generation FO. * Significantly different between the control C group
(n=10) and uranium U (n=10) groups (**p <0.01; ***p < 0.001).

Figure 2:

Percentage of global DNA methylation assessed with ELISA (means = SEM) in the testis (A/ C),
ovaries (B/D) of the second and third generation F1/ F2 respectively. *Significantly different
between the control group (n=10) and U (n=10) groups (*p < 0.05; **p <0.01).

Figure 3:

Modification of DNA methyltransferase specific genes (DNMT1, DNMT3a and DNMT3b)
mRNA expressions due to NU exposure in gonads of male and female rats for generations FO, F1
and F2. Blue bars represent male (testis) control group mRNA expression level (A, C and E).
Pink bars represent female (ovaries) control group mRNA expression level (B, D and F). Black
bars represent mRNA expression level of methyltransferase specific genes. Data are expressed as
Mean + SEM (t-test). Significant difference between control C (n=10) and uranium U (n=10)
groups. *: P<0.05.

Figure 4:

Modification of DNA demethyltransferase specific genes (TET1, TET2, TET3 and TDG)
expressions due to U exposure male and female rats for generations FO, F1 and F2. Blue bars
represent male (testis) control group mRNA expression level (A, C and E). Pink bars represent
female (ovaries) control group mRNA expression level (B, D and F). Black bars represent mRNA
expression level of demethyltransferase specific genes. Data are expressed as Mean = SEM (t-
test). Significant difference between control C (n=10) and uranium U (n=10) groups. *: P<0.05.



FIGURES

Figure 1
(jﬂu
A)
3.0 _
(@) 4
£ 2.5
FO o
2
2.0 e et
1.5 T

% 5mC

3.0+
2,54
2.0+
l—
1.5 T T
c U




Figure 2

0.8+
0.6
0.4
0.2

qwsg %

B)

0.4+
0.3
0.2
041
0.0

qWs %

A)

F1

0.4+

® %

0.34

0.2

WG %

D)

0.1

0.25+

Q)

0.204

0.15+
0.104

WG %

F2

0.05+




?
111

DNMTL

2 8 8 8 8 °©

~ - =1
9INEZE/LYdH/LDvE 03 anielal
uoissasdya yNHW %

)

TIir

g 8 8 8 8 °

N - 1
DINZE/L8dH/1OVE 01 aAe|2d
uolssaidxa YNYW %

<

Figure 3
FO

DNMT3a DNMT3b DNMT3L
*

DNMT1

Control

DNMT3a DNMT3b DNMT3L

Control

*

i

DNMT1 DNMT3a DNMT3b DNMT3L

*
I

g 2 8 8 8 %

~ ~ - o=

DINZE/LHdH/LOVE 03 an3eial

uoissasdia YNYW %

a

2 8 8 8 18

4 R A =1
DINZE/L4dH/LVd 01 an1iea)
uojssaJdxa YNYW %

(&)

[1]

DNMT3a DNMT3b DNMT3L

DNMT1

Control

Control

DINZE/LYdH/LIVE 01 anIe(ad

2

m

DINZE/LYdH/1DWE 01 an13e|al

—
w

g2

~N

g 8 =&

- =1

uojssaidae yYNHW 3

2

"

—
-

+ —— I
+
—

2 8 8 8

NN ==

uossaidxa YNYW %

(o]
L

o
n

o

DNMT3a DNMT3b DNMTIL

DNMTL

Control

DNMT3a DNMT3b DNMT3L

DNMT1

Control



[AET Ti3L lonuo)y

X*

€131

X

oaL

*

€131 [AETR T13L |00y

oaL

I

¢d

m
S

% mRNA expression
relative to BACT/HPRT/B2ZMG
= ™ ~

o & 8 B 8 &

M
Nt
% mRNA expression

relative to BACT/HPRT/B2MG
= ™~ N

- & B B 8 &

b4

€131 1L Ti31 loiuo)y

a1

€131 [4ETR T13L jouo)y

oaL

14

£

% mRNA expression

relative to BACT/HPRT/B2MG

g

2 = N
o & 8 8 8
N

Nt
% mRNA expression
relative to BACT/HPRT/B2MG
= = o] N
o & 8 & 8 B
—
o

€131 [AETR Ti3L |olquo)

oaL

€131 FAET Ti3L losjuo)

9aL

04

% mRNA expression
relative to BACT/HPRT/B2MG

2

- = - ~ ~
- & 8 8 8 8
L
____
0
e
% mRNA expression
relative to BACT/HPRT/B2ZMG
= = ™
o 8 8 8 8 8
—_—

$ 2angig



TABLE LEGENDS

Tablel: Sequence of primers set for gene expression studies in gonads.

Genes Sequences
DNMT1 5’-CGGCGGAGGTGTCCTAACTTGGC-3’
5’-GGGTGACGGCAACTCTGGTA-3’
DNMT3a 5’-CGGTAGCGCCTCTTCTTTGAGTTCTAC-3’
5’-GCGATCATCTCCCTCCTTGG-3’
DNMT3b 5’-GGGCCGCTACCACGTTCAGG-3’

5’-AGGGCCGTCCTGGCTCAAGT-3’

DNMT3I (ovaries)

5’-GTATGCCCGGCCTCGCCAAG-3’
5’-CAGGTCCGCGTGCTTGCTCT-3’

DNMTS3I (testes)

5’-GCTTTGACGGTGGCGAGAA-3’
5’-TCTGCAAGAACTCGACCACAATC -3’




Table2: Whole-body weight and organ relatif weight of the three generations. Data are
expressed as Mean = SEM (t-test). Significant difference between control C (n=20) and uranium
U (n=20) groups *: P<0.05, **: P<0.01

FO Control FOU F1 Control F1U F2 Control F2 U
Body weight

(8)

A 626 + 83,2 618 £ 90,3 524 + 78,6 595 + 71,4 * 579 + 68,9 517 + 57,1 **

Q 343 £ 49,3 331 £ 42,2 302 + 27,6 322 + 84,3 285 + 30,3 262 + 40,6
Testes

(@ 0,33 £ 0,03 0,32 + 0,05 0,38 £+ 0,10 0,36 + 0,05 0,33 £ 0,05 0,38 £+ 0,06 *
Ovaries

% 1,530 £0,002  1,740+0,001 1,74 +0,08 1,55 + 0,13 1,840 £0,07  2,020+0,07 *
g




Table3: Uranium quantification in gonads of the three rat’s generations after 9 months chronic
low dose exposure for 9 months. Data are expressed as Mean = SEM (t-test). Significant
difference between control C (n=5) and uranium U (n=5) groups. **: P<0.01

Testes (U ng/g of tissue) Ovaries (U ng/g of tissue)
&3 fﬁ
fid
Generations Control Uranium Control Uranium
FO 0.123 £ 0.02 1.193 £1.06** 2.422+0.16 6.466 + 3.59%*
F1 0.098 + 0.03 0.148 = 0.09 2.823+0.47 2.284 +0.43

F2 0.157 £ 0.07 0.286 + 0.33 3.067 £1.42 3.771 £ 0.69




