1" 14 $h & # 14 C

& -. ., -/0.1 'O$ ) ‘&

P 1 B LS i |
& ISt (S ) B(C T B(CH BB

2 3151 #&" #)))))NNNMNNMNNNMNNN)) 2
243 1 2 #))NNNMNMMMMMNMNN)) #
6 1&))))NNNNMMNINNNN)) #
63¢7 3 NN~ +
2603 #)NNNNMMMMMMMMMMMMN) -~ +
220 #0# )NMMMMMMNNNN))



% &

$
1
$
)
**x 34
% 6"
$
)$
6ll
"3 %

&

)

4

g
%" (

*

ll#

ll#



% &

%=

T &

5-

)

% C



; , ) $ ,7? ) #
& , +6 & 6" 1%
2 t I
$ B , B ! , C
D3 B ! C # !
$ 8 & , 2 A +
6" 1
t 5% # . !
, ! E & "2 5 t% 8§ 5,
F ) % § B
0] 0) G, +t4 % ! &
B & # $ ) . ? &
Lo F & I ! ,
2 & ! ! & H
4 " o
@ -, f / 17 J
J , nm & & t #
& , ¥ B $ 2 I
2 + 8 s &# 5! $ 8 B
B EO (o, B+
6 1 4 4 E4
) ) $ 8 5 E
5 5 $ 3 KKK 4 , §
$ , $ &, & t 2
! 2 B
=B & §



LL +

4 &



/!

/!

/!

"o & T ! (

I G I *
"-g) 9 ) +9 : + <<LLLLLLLLLLLLLLLLL -=
"4-4-9) 2 + 9 <KLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLKL -=

-4 §)2 ; + <<LLLLLLLLLLLLLLLLLLLLLL

% +,% (% -" .
r-g) + ST 2 -/ /A <<<K<KKLKLKLLLKLKLLLKLLLLLLLKLKL =
""-4-9) b, <LLLLLLLLLLLLLLLLLLLLLKLLL =

-1 8) B C D >D A <<

-4+ <LLLLLLLLLLLLLLLLLLLLLLLLL

""-4_4-8) , <LLLLLLLLLLLLLLLL
) <LLLLLLLLLLLLLLLLLLLLL (@
) I + , C <<<LLLLLLLLLLLLLLLLLLLLLL *
g T+ <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLKLLLL *
& (0 Moo (1 2
) 9 ; + "2 -/ [*h <<KLKLKLKLKLLLLLLLLLLLLLLLL LKL E
Y 18)% + ] + <LLLLLLLLLLLLLLLLLLLLLLLL ()
" L) : + <<KLKLLLLLLLLLLLLLLLLLLLLLLLLLLLKLLKLKL =
' 4@s) , % + <<LLLLLLLLLLLLLLLLLLLLLLLLLLLKL =
Yol@u-8) # <LLLLLLLLLLLLLLLLLLLLLLLLLLLLgg< /

Yolas 8 # <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLKLKL |
WHOCE 3
I-8) # ) + <<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLKLKL |, -
) +9 ) + <<LLLLLLLLLLLLLLLLLLLLLLLLLLLLKLKLK -

F%C0 VA% =)



6 ) 7
"% $'(% 7
( 7
"-8) D <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LKL | *
"4 ) + <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL | %
)] <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL 0
*"4@8) <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLKL | =
)] <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL |/
"*I-8) $ 3 <LLLLLLLLLLLLLKL (-
S ) I . + D /A <<LLLLLLLLLLLLLLLLLLLLLLLLLLL (@
kLL8) B >D 7 A<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLL @
e S, >D /) <<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLL (QE
TS, >D /A <<<LLLLLLLLLLLLLLLLLLLLL<<<< 30
DH@(# # " ! ( 8
)] 9 <K<KKLKLKLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL<<<<<< @0
g2 1 b + <<<K<LLLLLKLKL =
"'8) + <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLL L @
)] D + <LLLLLLLLLLLLKL *
L3 D ) ; + << *
*"r4@8) , <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL L *
#0% 0% 9 +S# % T wH@CH#ET " (L (" ") ( 77
TA-B) 2 4, <<LKKKLLLKLLLKLLLLKLLLKLLLLKLL LKL LL KL LL LKL LKL LLLLLL *
A #HC : + b + o+ % + <*E
Y 48) % + ) + <<LKLLLLLLLLLLL LKL *E
' 4_4-8) $ T <KLKLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL *()
AL S + <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL *()
' es) 3 + % + <<LLLLLLLLLLLLLLLLLLLLLLLLLKL *()
Y 4@s-9) + +, : + <<LLLLLLLLLLLLLLLLLLLLL *()
" 4@4 8) DD ) + : +  <<K<KLKLLLLLLLLLLLLLLLLL L */
" 4@s.8) 0D % + + <LLLLLLLLLLLLLLLL LKL E
Y leuee) 3 : +F G <<<E-

' l0404-8) B :;(0 < LLLLLLLLLLLLLLLLLLLLLLLLLLLLL E -



tlpied 8) B, (0] TBK <KLLLLLLLLLLLLLLLLLLLLL B -

't l4@d.8) + + <LLLLLLLLLLLLLLL L LKL LKL L LKL E |

YolEees) # 0 <<KKLKKLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL B

" 4@ES) 3 <<LLLLLLLLLLLLLLLLLLLLLLLLLL B*

Y OIQIEL-8)3 29 <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLL L B*

Y OlQIES 8) 3 3 <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL L B*

R iad) I <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LKL EQ

= > 2?

#4 (4 2?

e % $" 4 ( ! #, ' 27

*4-8) 2 + + <LLLLLLLLLLLLLLLLLLLLLLLLLLKL O-

"-1-8) $ <LLLLLLLLLLLLLLLLLLLLLL -

-1 8) $ <LLLLLLLLLLLLLLLLLLLLLLLLLLLLL<LL -
83 b : ) <LLLLLLLLLLLLLLLLLLLLLLL 0

-8 # + D +

<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL ).

482 <LLLLLLLLLLLLLLLLLLLLLLLLLLLLL<< ().

" 4.8) + <LLLLLLLLLLLLLLLLLLLLLLLLLLL 0%

"4 4@8) +, + <LLLLLLLLLLLLLLLLLLLLLL<<<<< OF

)] , : <LLLLLLLLLLLLLL<L<<<< 00

"*4@8) D + ) + <<LLLLLLLLLLLLLLLLLLLLLLLL 00

"@4-8) 3 + % D + <<« (=

ied ) H#C D ] D 1<<<<<LLLLLLLLLLLL 0=

% % $" 4 ( Y #, ) ?
"-8) $ : <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLK =

S + : <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL ==

"8) $h : ) <LLLLLLLLLLLLLLLLLLLLLLLLLLLL ==

U8 7 <LLLLLLLLLLLLLLLLLLL LKL LKL LKL LKL LKL LLLLLLLLL =
UL D <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL =
"L8) B : <LLLLLLLLLLLLLLLLLLLLLLLLLLL =,

w % L4 " *7



> ! > > ( *
"% $'(% *
A ., W (e ¥ B (O VO /< *
-8 $ PN+ &2 " <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL </
IS P+ &2 " <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL /-
"4 4-9) & 2 " <<KKLLLLLLLLLLLLLLLLLLLLLLLLLLL LKL /-
R & 2 ', <<KKLLLLLLLLLLLLLLLLLLLLLLLLLLLL /
118 S & 2 " <<KLKLLLLLLLLLLLLLLLLLLLLLLLLLLL <L /
)] & 2 " <<KLKKLLLLLLLLLLLKL /|
") PN+ & 2 " <LLLLLLLLLLLLLLLLLLLLLLKLLLLLLLLLLLLLLLL /|
PA% $°(% :< # ":< (™ ( 78
U-8) $ &2 'F b 9 <<<<<<<<<< /(@
NS ) &2 " F+ I
2 <<KLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL /%
") $ &2 " F , 2 << /*
/! # "' ,4 (%%O0(B ( ?
Y-8 2 D <LLLLLLLLLLLLLLLLLLLLLLLLL<LL<<< /0
Y-8 B + 9 <LLLLLLLLLLLL<<L< /0
-8 + D H 52 A <KLk /0
Y-8 S + <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL<<<<< /0
) D <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLL [=
/! # g™ ( (,"B# E DL, (% (1 ?*
1-8) 3 0 <<KKKLLKLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLKL /=
4§ #C ) 9
, 2D —A<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLKL -
L) # ) <LLLLLLLLLLLLLLLLLLLKL =
LER)# ) <LLLLLLLLLLLLLLLLLLLKL -,
4.8) + 9 B <<<<<L<<<L - ()
1.4-8) 1 ) 2 <<<K<KLLLLLLKLL - )
4.4-4-9) b : & 2" ;0

L < KKLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL Ll = @

4.4-48) DD 2 50 .. <<<<LKLKLLLLLLKLKLLLLKLL - =



.48 0 2 <<<<<<<<- [

> 5 > 3
%heogtt( W 1 3
-8$ $P')2J 4 <<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLK =
I % 3 "J D £ <<<LLLLLLLLLLLLLLLLLLLLLLLSL —mm
pemoogm

"r-g " [ <<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL ==
"B } <<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LKL == ()
"3 + } <<<<LLLLLLLLLLLLLKL - ()
S %" (% ) (1 7
/ $ %NHS(HOT " " "8t #4 %O# . B« 7
' 4-82 } <<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLKLLKL ——F
" 48 K 1<<LLLLLLLLLLLLLLLLLLLLKL ——F
) + £ £<<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LK —-F
/ ' 0" " ( L% 4% ,4 1" ( *
4-8 : : L, IK<<LLLLLLLLLLLLLLLLLLLLLLLKLL ==
183 +) <LLLLLLLKL ==/

183 : +H <LLLLLLLLLLLLLLLLLLLLLKLKL =
' oLEsCte ) (! -3

/ ##" (% t., D E"%'1

-8 2 + +, 4 <<<LLLLLLLLLLLLLLLLLLLLLLLLLL LKL = =

"4 8 T+

)2 A <L<KLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLKLK -

L H & 2) L <LLLLLLLLLLLLLLLLLLLLLLL -
/ $'# ( (% L%,% ., " #'4% "H#$4 ™ 1

"t-§ 2 <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LS =

83 <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLS =
6 ° ot 0 " (%$4( (B " Lt o ( L%

A I (I S G A G 3



6 > '('(B 7

= > > >>
6§ # *
#' ( "(% , C'  §( #'(B .?
Y=gt b : b, + ) <<<KLKLKLKLKLLLLLLLLLL - /
A b, b +  <<LKLLLLLLLLLLLLLLLLLLL - )
HII n %$ I% $Il l4 ( ! #, 1 ] &( !_!&( n % , l(% ] n
$ "%uH($('H " ( 2
III4_8 (1] + + 9 <<—_E
"ol-§s + % - + <LLLLLLLLLLLLLLLLLLL LKL - F
-4 8 D + ] : << -0
tr-4.8 9 % + s <-.=
g + 9 b : b, + )N <<<<<<<L- =
L8 P : F+ + , ) +<<<<< -(0-
@8 : : % + <<LLLLLLLLLLLLLLLLLLLLLLL = (),
r@e-8 3 : <LLLLLLLLLLLLLLLLLLLLLLLLLLLLLL =(D)
@ 8 + 9 : 9 % + << .
"rUEd.8 #C % : )1) : % + << -@*
"04a8 D % DD 23 <<LLLLLLLLLLLLLLLLLLLLLL<L<< -(@0
/ (8 ( 8
6 @ ! >
( 7
6$(G "4 ,%4C 7
5% #% " ( 4% 4 7 88 9 TS TWu%H(e(CH " ( 78
=) <LLLLLLLLLLLLLLLLLLLLLLLLLL —**
) + <LLLLLLLLLLLLLLLLLLLLLLLLLLLL —F*

gt LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL —FF



>, #3( (% " ( % $* (% s " ®% o+ M

A% .4 10§ Y( 7
/ %%+H(S(H# " ( v 0" ,4% ,4°° 7?
7 40 ("% ! 0" ', 0% "%+SC# " ( (" "%

(1 2
-8, + ) & 2 <<KLLLLLLLLLLLLLLLLLLLLL —F -
48", i ) & 2

+9 0  [K<LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL —F
/ > 1+, (% $u!” 0" ', ( 9 % o,% " CWHS(#

(1 27
"4-8 + 3 "] D <LLLLLLLLLLLLLLLLLLLLLLLL —E(
Ny & 2) : % + <<LLLLLLLLLLLLLLLLLLLLLLLL LKL -F/
" & 2) , b + <<LLLLLLLLLLLLLLLLLLLLLLLLLLL -

/ ($ ™
>> 0 > / > > 2
% % $ 4 (! #, 0 o# (L (%G %L
n $$ n I(% n (
$%!* 0" ', ( *
"r-§ D : 9 % + <<LLLLLLLLLLLLLLLKL -(0=
e oo+ % + <LLLLLLLLLLLLLLLLLLLL ==
S & “
25 1 L O O G -
/ / II( I(% # nw 1 ] % 1] " II(O # $ nn n ( ! I *7
/ %% % *

> A > )



%



-, PQI
| H =
.U ) 5
5
% g
!
) "t L > 9 4% 4%
I I s
(s s 5
5 & $ 5 It
5 5
; 7MD_ | e
7AD:| 5
! $ , 2
A 5 (8
$ QR 5 $
5 t " $ +*
) 8 & )
5, I & $
) ! +
% !
I $
& &
& & ! 5 )



% )

&

)

)

5 &

t%

& &

$5

t %



ST $ 5

) 5 t %

I m s, 2



%

% )

%%

*N

8

+ %

t %

) #



|
05" ; &
4 "¢ )+ 5 $
) 8 .
. &
I 5)
. , , | F #
¥ # 5 !
)
B ! ;
Q" #
) 5 "8
N 7C & PQI$
t* QC " # O *
# | 5 t
6 5 & .
5 & +%
4 $
) 5 $ #
$ t9 4 % ) I QIOS
& 1
& 5 $ v "%
% # i $ !
! > * (@) + #
1
5 & , 4 3 $
1 & $ $
¢



* , , IAC ,
$ 5
, , 5 F 5 +
G 9 ? #
5 1# |
5 + %
/7 3 #
# 5 # 5 1 5
, $ , ) - %
C IC7 #
Ho+ H $
ICD Y& & $ 5
9 5 3+*
, 5 5
o> z 1CQ+ ( 8 5 #
- , 5 & &
5 +
o 1
% $ Z[L1I7 1 &
$ ! I t(
A E 7AQ= 7AD= 7AC:
$ $ + %
A= PR+ * & &
7AD PR
, 1
& - O™ yr- § !
% " [
# Pl &t —

7AQ+ 71 ! § 5



® I
-t = -t
=3 =) =3
.
+
+
~
) ® !
I3 ]
-t A_.v .
I o
~
> * >
I -~ I
® ®
® ¥
o bt
-~ o
N = -
N
~ "
1 I 1
I o ®
w . X
IS =
-t - -t
=3 S

+,-

+,.

+

06

TAD_  TAQ—,

E 7AC

& 0

12



1 7 C 13 4 17+
% ! & , 77\  AQAQ\ +
% 1 $ # ! , ,
? +
)1 ! =G;
=sGot
- ) & I
$ ? $ , =Io
=G7:7=G7 Gazy =7Gp 9c 7 &
& $ & ] , =c = ¢
1 & 1 ! )1 =G; =Gp =G¢ =aGq
$ 1 =9, ! & + =5 ,
) $ 5& n
1 & 1 & I & 5
5 $ ¢
%5 # 0 ) ! DI*0 P’
* 10 ) 5 )1 @@ @ % 11C+
% " 1 $ & # $
)1 @ @
)1 @ & + "
$ =@ $ ! 1 & &
5) ! ) 5 g 1 =G;”
- IPA +
% ,
$ t " ! [ C
5 77P= 7C — | $
& TR= oy 7AQ  7AD )!
5 5 H , $ &
5 & 5 & &3U2 &b



6
# —
$ )
1 + %
7TAQ— 7AD_ TAC—
# 1 &
# P, C #
. g ’
& $ CQIR
: "= 7vDR - M= CQIR
5 7D+ © 4%
* 1o )$
I +
"ooeC " 7 |
- ’ ’
& ‘T
" ),
$ B &
&, ’ C ) 3 8 9&:
% & E
) ) "% 8
6 1y -
-6,
) &
) &

:/5

1)

&

7D



77

! "I # $
%o ; F I
I & I
# o+ ( # + # , AR
! .
$ # D DR
, o # $
& $ & ?
:
% &
05 " 511 ) :
, $ &
5 .
, ) )
, 1 " $ , )1 $ ¢
% " ) $ !
5 , $ t "
&
#o# £ &
F-ol () X+
) C *C1 ) & $
& " & " .
, DR ) " Ter
)8 *( , PR
, ) + 1 &
R &
DR ) "% Te#
)8 *C 9 ) 5 & #1&

B $ "6 " 67 & " & " ) R



7A

100
WwE- == T Conn
2 Région des alvéoles
= pulmonaires .
&
5 1 e
oL =
o -
- ]
01 b Région des Région des
T E bronches bronchioles
0.0 N—— - . !
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Diametre aerodynamique moyen (Jum)

Fiquie 2 © Fraction des agrosols deposee dans les differentes regions de l'arbre
respiratoire en fonction du diameétre agrodyitarmigue moyen des partcules (CIPR, 1994).

Taux de clairance

De a Taux (jr") Demi-vie

Al b 0.0z 35 jours
0.001 00 jours
0000 J000 jours

b BE Z 3 heures
0.0z 23 |ours

BB ET, 10 100 minutes
003 23 jours

ET, Gl 100 10 minutes

ET, environnement 1 17 heures

Tableau Il : Valeurs de références des taux de clairance représentant le transport
des particules inhalées entre les difféerentes regions de l'arbre respirateire en
fonction du temps.

(Al region des alvenles pulmonaires. (bb) région des bronchioles, (BE) region des
bronches, (ET,) compartiment extratharacique cormprenant le passage nasal postéreur,

l& larynz, le pharyr et la bouche, (ET,) compartiment extrathoracique compose dunez
et (1) tractus gastro-ntestinal.
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Figure 3 - Modegle

biocinetigue de l'uramum [CIPR, 1995),
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Figure § - “Vascularisation durein.

{a) Schéma representant l'organisation vasoulaire au niveau de chague nephran.
TCF : tehule contourne proximal, TCD : tubule contowrne distal.

{b) Image obtenue par microscopie electronigue 3 balayage dun réseau capillaire
glamérulaire.
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Figure B - Structure fonctionnelle du néphron.

Le néphron corespond & l'umté fonctonnelle du rem et cormprend o le glomérule,
réseau de capillaires sanguins qui penetre dans la capsule de Bowman ) e tubule
contourne proxinal (TCP), la pars recta (PR), les branches descendante et ascendante
de 'anze de Henlé puis le tubule contowrne distal (TCD) quiterrming sa course dans e
tubule collectew.
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Capsuto oo Bowman

Figure 7 - Le corpuscule rénal ou de Malpighi.

Le corpuscule renal est compose de |z capsule de Bowman au sein de laguelle
snsere le réseau capllare glomeérulaire, ou glormerule (a). Le feuillet nterne de

la capsule de Bowman est constitue de cellules epitheliales modifiees

podocytes (b

les
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de filtration (c).
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Figure 11 : Site prncipal de attente teegque rénale mdwte par Uoramoen (surface hachurée
enrouge). L'attente toxique se traduit par une réduction des systémes de réabzorpton tubulaire
prozimale (sodnun, acides amunés, protémes ) susie d Tune nécrose cellelare qui débute an
raveay de la partie drode (pars recta) du tubule prozmmnal A cela s'aoute de fagcon mowdre
un effet glomérulaire. L'appartion d’anonmalités structurales de 1 épithélium et de Uendothélum
des glomerales a &té obzerves pour des doses en uranum supéneures 4 6 mofkz de pouds corporel.
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Figure 15 : Madéles de tocicite cellulaire induite par [uranium.
(a) Le modele de Pasquier, (b) le modele de Mirto.
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Figure 16 . La clathnnge et |a cage de clathrine.

La clathrine est composee de 3 chaines lourdes de 180 kDa, farmant un
triskehon au centre duguel sont insérées 2 chaines legeres de 25 kDa (a) Lors
du bourgeonnerment des vesicules dendocyiose tapssées de clathnne (b)), les
images obtenues par microscopie électronigue & transmission (b)) et par
resonance magnetigue nucleaire (2), montrent que la charpente wesiculaire
est composee d'un assembllage hauternent ordonng, dont la structure
correspond a une succession de motifs pentagonaux et hexagonae,
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