
o£. 83. o a
EN VI RON M E N T A L  R E SE A R C H  30, 4 80-491  (1983) P B i b l i o t e c a

1 /O PUBLICACIONES
j NO  / AÑO

l / h  o

Percutaneous Absorption of Uranium Compounds

B. M .  d e  R e y , 1 H .  E. L a n f r a n c h i ,  a n d  R .  L .  C a b r i n i

División P a to log ía , D epar tam en to  de R adiob io log ía , Comisión N ac iona l  de Energía  
A tóm ica ,  A ven ida  del L iber tador  8250, (1429) B uenos  Aires,  Argentina

Received O ctober  24, 1981

P ercu taneous  absorption  o f  soluble and insoluble uranium  com pounds has been induced in 
order  to obtain information on penetra t ion  routes  and the tissue injury p roduced  by uranium 
salts. The  high electrón  density  o f  uranium  provided a reliable way to visualize , by electrón 
m icroscopy , the precise local ization o f  the heavy  com pounds  within the tissues. Few min­
utes af ter  topical  application o f  uranyl n itra te , dense  deposits  o f  uranium  were obse rved  at 
the epidermal barrier  level. A few hours later , dense  deposits  were seen filling the intercel- 
lular spaces and w ere also sca t tered  in the cytoplasm  and nucleus. Mortality and  body 
weight m easu rem en ts  indicated the high toxicity o f  uranyl nitra te and am m onium  uranyl 
tr icarbonate ;  uranyl ace ta te  and am m onium  diuranate  w ere less toxic.  As no penetra t ion  
was ach ieved  after  uranium dioxide, no variations w ere detec ted  on these  param eters .

INTRODUCTION

U ra n iu m  e x tra c t io n  and  refining op era t io n s  lead ing  to  the  m a n u fa c tu re  o f  n u ­
c lea r  fuels h ave  significantly au g m e n te d  in la t te r  yea rs  due to  the  g rea t inc rease  in 
the  n u m b e r  o f  n u c lea r  facilities.  T he  h a z a rd o u s  n a tu re  o f  the  b y -p ro d u c ts  fo rm ed  
w hen  p ro ce ss in g  u ran ium  ore into nuc lea r  fuel a re  well k n o w n .  T h e se  c o m p o u n d s  
are  espec ia lly  dan g e ro u s  to  the  p e rso n s  d irec tly  invo lved  in the  industr ia l  p ro ce ss  
and are  also  o f  co n s id erab le  in te res t  b ec a u s e  o f  the  risks o f  en v iro n m en ta l  con- 
tam ina tion .

P ene tra t ion  o f  su b s ta n c e s  into the  anim al bo d y  m ay  be a c co m p lish e d  by several 
rou tes: in t ra v en o u s  and  in traper i tonea l  in ject ions,  inha la t ion ,  p e rc u ta n e o u s  a b ­
so rp tion ,  etc. As u ran ium  is co n s id e re d  e i th e r  a chem ica l  o r  a rad io log ica l h az ard  
d epend ing  on its iso top ic  c o m p o s i t io n ,  w hen  na tu ra l  u ran ium  (99% 2:!8U) is c o n ­
side red ,  the  total qu an t i ty  o f  m etal in c o rp o ra ted  is the  d e te rm in a n t  rega rd le ss  o f  
the  co m p o u n d  invo lved .  O ne  to  five p e rc e n t  o f  an  oral d ose  is a b s o rb e d  and  m ost 
is ex c re te d  by the  k idney  (H u rsh  and  S p o o r ,  1973). U ra n iu m  a b s o rb e d  into the 
sy s tem ic  c i rcu la t ion  leaves the b lood  very  rapid ly  and  is e l im ina ted  via the  uriñe, 
a p p ro x im a te ly  60% o f  u ran ium  w ithin the  first 24 hr  (W alinder  et al. , 1967). 
Im m edia te ly  af te r  in t ra v en o u s  in jection  ab o u t  50% is e x c re te d  in the  ur iñe ,  25% is 
depos ited  in the  ske le ton ,  and  25% in the  soft t is sues .  O nly  trac es  rem a in ed  in the 
b lood. U ra n iu m  dep o s i te d  in soft t is sues  o th e r  th a n  the  k idney  and  in the  b o n es ,  is 
ex c re ted  la te r  at  s low er  ra te  (H u rsh  et al. , 1969). A fte r  inha la t ion  re te n t io n  de- 
pends  on part ic le  size and  chem ica l  fo rm ula .  L ong  biological half- tim es o f  120 
days  o r  m ore  can be  an t ic ip a ted  from  insoluble c o m p o u n d s  ( U 0 2, U.jO*) having 
particle  sizes u n d e r  2 /xm (H arr is ,  1961).

1 To whom co rre spondence  should be addressed .
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P e rc u ta n e o u s  ab so rp t io n  has  b ee n  re p o r te d  as an  effec tive ro u te  o f  p en e tra t io n  
for  so luble u ran ium  c o m p o u n d s  (O rcu t t ,  1949). H o w e v e r ,  deta iled  Inform ation 
ab o u t  th e  m e ch a n ism  o f  p e n e tra t io n  and  the  dam ag e  in d u ced  by p e rc u ta n e o u s  
a b so rb e d  u ran ium  th rough  the  skin  '7 «  v i v o "  is not available . T h e  ana lys is  o f  the 
ac tion  o f  u ran ium  and  u ran ium  co m p o u n d s  on living m a tte r ,  par t icu la r ly  those  
involving sites o f  depos it ion  and  s u b se q u e n t  d am ag e  to  vital a reas  a re  re levan t 
bo th  from  p rev e n t iv e  and th e ra p eu t ic  po in ts  o f  v iew. In o rd e r  to  ob ta in  inform a- 
tion on p e rc u ta n e o u s  ab so rp t io n  o f  so luble and  inso lub le  u ran ium  c o m p o u n d s ,  
severa l  ex p e r im en ts  w ere  ca r r ied  out.  T h e  aims o f  these  ex p e r im en ts  w ere  (A) to 
d esc r ib e  m o re  p rec ise ly  the m e ch a n ism s  and p a th w a y s  o f  in traderm al pene tra t ion  
o f  u ran ium  salts and  (B) to  a s se ss  the  cu tan e o u s  dam age in duced  by th e se  c o m ­
pounds .

MATERIALS AND METHODS
Topical app l ica tions  with the  following u ran ium  c o m p o u n d s  w ere  p e r fo rm ed  on 

the  dorsa l  skin o f  35-day-old W is ta r  ra ts  (60 g, males): u ranyl n itra te  0.5, 1.7, 3.5, 
and  7 g/kg body  w t (British D rug  H o u se ,  B D H ),  u ranyl ac e ta te  3.5 and  7 g/kg 
body  wt (M ay  and  B aker ,  L td .) ,  am m o n iu m  uranyl t r ic a rb o n a te  7 g/kg bo d y  wt, 
and  a m m o n iu m  d iu ran a te  7 g/kg body  wt. A n o il- in -w ater  em uls ión  c o m p o se d  o f  
V ase line  and  w a te r  (A q u a la n e ,  kindly  supplied  by R oux O cefa ,  A rgentina)  was 
u sed  as vehicle .  T h e  des ired  p ro p o rt io n  o f  the  co m p o u n d  to  be  te s te d  w as  mixed 
with 1 mi o f  the  em uls ión .  T he  c re a m  w as applied  on a 3 c m 2 dorsa l  a r e a  24 hr  af te r  
shav ing .  Single o r  daily app l ica t ions  w ere  p e r fo rm ed  with the  aid o f  a small b rush ; 
ea ch  animal w as confined  in a  s e p a ra te  cage to  avo id  siblings licking the  t rea ted  
a rea .  T en  daily app l ica tions  o f  the  c o m p o u n d s  w ere  pe r fo rm ed  on the  dorsal 
shaved  a re a  th a t  had  been  p rev ious ly  co v e red  with ad h e s iv e  tape  in o rd e r  to  
p rev e n t  u ran ium  co n ta c t  w ith  the  skin. N o  effect w as o b se rv e d  in the  an im als  and  
no weight ch an g es  w ere  rec o rd e d  in the  ex pe r im en ta l  an im als  c o m p a re d  with tha t 
o f  the  Controls , so th e re fo re  oral in tox ica tion  by  self-licking w as  avo ided .

T w e n ty  anim als  w ere  used  in ea ch  o f  the  t re a tm e n t  g roups  in o rd e r  to  eva lúa te  
w eight changes  and  survival va lúes .  Daily topical app l ica tions  w ere  p e r fo rm ed  on 
the  an im als  at the  sam e h o u r  o f  the  day.

Ui>ht a n d  e lec trón  m ic ro sc o p y  st  lidies. G ro u p s  o f  10 an im als  w ere  sacrif iced  2 
and  4 days  a f te r  daily  app l ica tions  o f  the  a b o v e  m en tio n e d  u ran iu m  c o m p o u n d s .  In 
addition  g roups  o f  10 an im als  w ere  t re a te d  w ith  a single app l ica tion  o f  uranyl 
n itra te  and  the  effec ts  w ere  a n a ly z ed  15 min to  24 hr a f te r  app l ica tion .  S pec im ens  
o f  t r ea ted  an d  n o n tre a te d  skin from  the  sam e an im al and  from  n o n tre a te d  an im als  
w ere  s im u ltaneous ly  p ro c e sse d  for  light and  e lec tró n  m ic ro sco p y .  Paraffin  sec- 
t ions w ere  s ta ined  with hem a to x y l in  and  eos in .  Small skin sam p les  f rom  the  sam e 
an im als  w ere  fixed in 2% o sm iu m  te trox ide  in pa lade  buffer.  A fte r  d ehyd ra t ion  
with g raded  a lcoho ls  and  p ro p y len e  ox ide ,  they  w ere  fíat e m b e d d e d  in M araglass .  
Thin and  u l t ra th in  sec tions  o f  p roper ly  o r ien ted  sam p les  w ere  o b ta in ed  in an  L K B  
u l tram icro to m e.  C o n t ra s te d  and  n o n c o n t ra s te d  sec t ions  w ere  p h o to g ra p h e d  in a 
Philips 300 and in a Philips 200 e lec trón  m ic roscope .

A  se m ia u to m a t ic  ana lyz ing  sy s te m  (M O P  3, K o n t ro n ,  M e ssg e rá te  G M b H ,  
M unich) w as  used to  m e asu re  the  su rface  a re a  o f  basal cells from  the  ep iderm is .



Thin sec tions  from  the  a b o v e  m en tio n e d  ex pe r im en ta l  cond i t ions ,  w ere  s ta ined 
with toluid ine blue and  p ro jec ted  on  the  m easu r ing  table o f  the  eq u ipm en t .  Mea- 
su rem e n ts  o f  su rface  a re a  w ere  p e r fo rm ed  on in terfo ll icular  basal cells o r  e p id e r ­
mis o b ta ined  from  an im als  t re a te d  with uranyl n itra te  plus vehicle  and  from  ani- 
mals t re a te d  with vehicle  only . A v erag e  d a ta  from  100 cells from  each  ex p e r i­
m ental cond it ion  w ere  sco red .

X - m y  m icroana lys is .  E n erg y  d ispers ive  X -ray  m icroana ly s is  w as used  to  de tec t  
u ran ium  in the  skin. T h e  m e a su re m e n ts  w ere  p e r fo rm ed  in an  E D A X  711 a t tac h ed  
to a  scann ing  e lec trón  m ic ro sco p e  Philips 500. This  dev ice  d irec tly  m e asu res  the 
ene rgy  o f  the  ch a rac te r is t ic  X rays  o f  the  sam ple  by m ean s  o f  a solid State d e te c to r  
(silicium lithium) w hich  s im u ltaneous ly  can reg is te r  all e lem e n ts  p re se n t  in the  
sam ple .  In  this pa r t icu la r  ca se  the  m ic ro p ro b e  p ro v id es  in fo rm ation  co rresp o n d in g  
to 600 /um2 o f  ep iderm is .  P ieces o f  skin o b ta ined  from  the  sam e a re as  used  to 
pe rfo rm  m orpho log ic  and  m o rp h o m e tr ic  ana lyses  w ere  fíxed in 3% g lu ta ra ldehyde  
for 1.5 hr,  d e h y d ra te d  in a se ries  o f  g raded  a lcoho ls  to  100% e th an o l ,  t ransfe rred  
to a critical point d r ier ,  and  dried  with  liquid C O z. T he  t issue w as a t ta c h e d  to  an 
a lum inum  s tub  and  p laced  in a v ac u u m  e v a p o ra to r  for  coa ting  with  ca rb ó n  and 
gold.

RESULTS

Daily e p ic u ta n e o u s  app l ica t ions  o f  u ran ium  c o m p o u n d s  affect anim al body  
weight and  surv ival .  R esu lts  are  show n  in Fig. 1. N o rm a l  c o n s ta n t  gain in body  
weight w as  ch a rac te r is t ic  in n o n tre a te d  an im als .  A s te ad y  bo d y  w eight dec rease  
w as induced  by a  high co n c e n t ra t io n  o f  u ranyl n itra te  and  am m o n iu m  uranyl 
t r ic a rb o n a te .  F u r th e rm o re ,  all an im als  died  5 d ay s  a f te r  the  o n se t  o f  the  app l ica ­
tions. K id n ey  injury w as the  ca u se  o f  dea th  o f  the  t rea ted  an im als .  N o  inc rease  in 
body  w eight w as  d e te c te d  af te r  appl ica tion  o f  a m m o n iu m  d iu ran a te  per fo rm ed

Fio .  1. Effect  o f  various epicu taneous ly  applied uranium co m p o u n d s  on animal weight. • .  control ;  
▲ . uranium dioxide; ■ .  am m onium  d iuranate  (yel low cake); O , uranyl aceta te ;  A , uranyl nitra te ; □ ,  
am m onium  uranyl t r icarbonate .  The num ber  o f  animals that  died during the t rea tm en t  are show n in 
parentheses.



daily for  11 days ,  but a m ark ed  re c u p e ra t io n  w as ac h ie v ed  af te r  d iscon tinu ing  the 
app lica tions .  C on tro l  valúes w ere  rea ch ed  14 d ay s  la te r  and  all an im als  su rv ived  
for  at least 30 days .  A significant body  weight d ec rease  was o b ta ined  af te r  11 daily 
appl ica tions  o f  u rany l ac e ta te .  Sixty p e rc en t  o f  the  an im als  died  2 days  a f te r  the 
last app l ica tion ,  also due to  rena l  failure. T he  rest o f  the  an im als  su rv ived  but 
weight valúes  w ere  709? lo w er  th a n  Controls. A n im als  t r e a te d  with  u ran ium  
d ioxide  sh o w e d  som e weight gain. a lw ays  so m e w h a t  low er  than  the con tro l  val­
úes. N o  animal died during the t rea tm e n t  and  all an im als  rea ch ed  no rm al  weight 15 
days  a f te r  the  last app l ica tion .

Histopatholoí>y

U rany l n i t ra te - t rea ted  t is sue  o b se rv e d  2 days  a f te r  app l ica tion  o f  the  c o m p o u n d  
w as c h a rac te r ize d  by obv ious  signs o f  t issue dam age (Fig. 2). T he  horny  layer  
a p p e a re d  d e ta c h e d  and  a b u n d a n t  puru len t  exú d a te  w as o b se rv e d  on the  ep iderm al 
su rface .  S o m e  neu troph i ls  w ere  seen  migrating  th rough  the  ep iderm is .  In som e 
a reas  basal and sp inous  cells ap p e a re d  sw ollen  and  vac u o la ted  with  w idened  
in te rce l lu la r  spaces .  S evero  a l te ra t ions  a ffec ted  hair  follicles and  the co rre sp o n d -  
ing s e b a c e o u s  g lands.  D ila ted  and  em p ty  hair  ch a n n e ls  a l te rn a ted  with o th e rs  that 
w ere  ob li te ra ted  with p u ru len t  m ateria l.  T he  s e b ac eo u s  g lands ap p e a re d  hyper-  
troph ic .  F o u r  d ay s  af te r  the  initial app l ica tion ,  a t ro p h y  o f  all t issue co m p o n e n ts  
was o b se rv e d .  A lthough  all e x p e r im en ta l  sam ples  w ere  o b ta ined  from  topically  
t rea ted  skin, severe ly  dam ag e d  a reas  a l te rn a ted  with slightly dam aged  areas .  
F e w e r  a l te ra t ions  w ere  o b se rv e d  af te r  a m m o n iu m  uranyl t r ic a rb o n a te  applica-

F i g . 2. Micrograph of  skin from a dorsal a rea  treated with uranyl nitra te . N o te  the purulent  material 
on the epidermal surface.  The horny  layer appeared  detached .  Basal and spinous cells appeared  
swollen and vacuolated .  H em atoxylin  and eosin. (130x.)



tions ; the  m o s t  ou ts tan d in g  fea tu re  w as the w idening  o f  the  in te rce l lu la r  spaces .  
O th e r  u ran ium  c o m p o u n d s  p ro d u c e d  no c u ta n e o u s  ch anges  u n d e r  light micros- 
copy .

Q uan ti ta t ive  d a ta  on  uranyl n itra te  induced  ep idem ia l  a t ro p h y  w ere  ob ta ined .  
A verage  valúes  o f  the  su rface  a re a  o f  basal cells are  show n  in T able  1.

Ul t ras t r i i c tu ra l  A n a lv s i s

P e rc u ta n e o u s  ab so rp t io n  o f  u ran ium  and  the  s u b se q u e n t  cell a l te ra t ions  af te r  
local appl ica tion  o f  u ranyl n itra te ,  w ere  clearly  o b se rv e d  by e lec trón  m ic roscopy .  
F ifteen  m inu tes  a f te r  the  app l ica tion  o f  the  co m p o u n d  a highly e lec tron -dense  
band  w as o b se rv e d  in the  in te rce l lu la r  space  b e tw e e n  the  h o rn y  layer  and  the 
g ranu la r  layer  (Fig. 3). A lam ina ted  s t ru c tu re ,  resem bling  tha t  o f  the  material 
norm ally  e x t ru d e d  in the  ep iderm is  by  lam ellar  bod ie s ,  w as d e te c te d  (Fig. 4). 
L arge quan t i t ie s  o f  these  lam ella r  bod ies  could  be seen  in the  g ranu la r  layer  
abut t ing  the  cell m e m b ra n e .  L o n g e r  per iods  o f  t is su e-u ra n iu m  c o n tac t  m ade  this 
band  d isa p p ea r ,  and  c lu s te rs  o f  e lec tro n -d e n se  m ateria l w ere  seen  sc a t te red  in the 
in te rcel lu la r  spa ce s  o f  the  sp inous  and  basal layers  (Fig. 5). T w en ty - fo u r  hours  
af te r  a single app l ica t ion ,  som e e lec tro n -d e n se  trac es  w ere  o b se rv e d  in som e 
b lood cap illary  endothelia l  cells o f  the  u p p e r  d erm is  (Fig. 6) as well as d ispe rsed  
b e tw e en  the  collagen fibers .  N e i th e r  the  ep iderm is  ñ o r  the  d erm is  sh o w e d  traces  
o f  e lec tro n -d e n se  m ateria l 4 8 —72 h r  a f te r  app l ica tions ,  bu t  im p o r ta n t  substruc-  
tural a l te ra t ions  ind ica ted  the  de le te r ious  ac tion  o f  the  heavy  metal: cell m e m ­
brane  in te r ru p t io n s  and  infold ings, d is ru p ted  m itochondria l  m e m b ra n e s ,  and  dis- 
a r ra n g e m e n t  o f  cr is tae  as well as en larged  k e ra t in o so m e s  and  fibrillar and  nuclea r  
m e m b ra n e  a l te ra t ions  w ere  the  m o s t  ou ts tan d in g  ch anges  o b se rv e d  (Fig. 7). An 
unusua l diffuse e lec tró n  d ens i ty  w as also  o b se rv e d  in nuclei,  m e m b ra n e s ,  and 
o th e r  o r g a n d íe s  o f  u n s ta ined  sections .

F o u r  daily  app l ica tions  o f  u rany l n itra te  p ro d u c e d  a m ass ive  ab so rp t io n  o f  the 
c o m p o u n d .  L arge  quan ti t ie s  o f  e lec t ro n -d e n se  d ep o s i ts  o f  u ran ium  w ere  o b se rv e d  
in the  in te rcel lu la r  spaces  o f  the  ep iderm is  and  derm is .  N o  a l te ra t ions  w ere  o b ­
se rved  in the  skin o f  the  an im als  t re a te d  with e i th e r  u ran ium  d ioxide  or  uranyl 
ac e ta te  o r  with a m m o n iu m  d iu ran a te ,  w hich  being inso lub le  did not p en e t ra te  into 
the skin; not even  af te r  su c ce ss iv e  daily app l ica tions  did these  c o m p o u n d s  p ro ­
duce  any  effects .  E x c e p t  fo r  a thin  band  in the  u p p e rm o s t  layers  o f  the  ep iderm is ,  
no  e lec tro n -d e n se  dep o s i ts  w ere  o b se rv e d  in the  skin.

T A B L E  1 
B a s a l  C k l l s  S u r f a c e  A r f a  (fj,m 2)

Dose of  uranyl ni tra te (g/kg body  wt)"

N u m b e r  of 
applications (daily)

Not
trea ted 0.5 1.7 3.5 7

2 62.4 ± 5.4 42.2 ±  3.2 44.7 ±  2.7 43.6 ± 4.8 43.8 ± 2.9
4 63 ± 6.2 42 ±  4 39 ± 3.8 37 ±  2.5 35.2 ±  2.8

" Each dose  was adm in istered  with 1 cc o f  vehicle. 
All valúes represen t  mean valúes ±  SD.



Fio .  3. E lec tron  micrograph show ing an e lectron-dense band in the intercellular space  be tw een  the 
horny and granular  layéis  ( “ \  ). N on co n tra s ted  section. (3750x.)

Energy  d ispers ive  X -ray  m icroana ly s is  p e r fo rm ed  on sam ples  f rom  the  sam e 
an im al,  revea led  tha t  u ran iu m  w as largely p resen t  in the ep iderm is  and  in le sser  
a m o u n ts  in the  d erm is  o f  an im als  t rea ted  with  uranyl n itra te  (Fig. 8). E x ce p t  for 
small depos i ts  o v e r  the skin su rface ,  no trac es  o f  u ran ium  w ere  found  af te r  
app l ica tion  o f  u ran iu m  d ioxide .  O nly  traces  w ere  d e te c te d  in spa rse  a reas  af ter  
appl ica tion  o f  u ranyl ae e ta te ,  u ranyl t r ic a rb o n a te ,  o r  a m m o n iu m  d iu rana te .

DISCUSSION

C ons iderab le  varia tion  in ab so rp t io n  and  co n s e q u e n t ly  in anim al survival and 
body  w eight w as no ted  af te r  daily e p icu ta n eo u s  app l ica tion  o f  v a r ious  soluble and 
insoluble u ran ium  c o m p o u n d s .  U ra n y l  n itra te  and  a m m o n iu m  uranyl t r ic a rb o n a te ,  
the m ost soluble u ran ium  c o m p o u n d s  te s ted ,  w ere  highly toxic caus ing  m arked  
d e c re a s e s  in body  weight and  dea th  o f  all ex p e r im en ta l  an im als  5 days  af te r  
app l ica tion .  Slightly soluble c o m p o u n d s  like a m m o n iu m  d iu ran a te  and  uran ium  
ae e ta te  ca used  only  a slight d ec rease  in body  weight.  U ran ium  d iox ide ,  the m ost  
insoluble co m p o u n d  used , w as the least toxic chem ica l ,  caus ing  only  a t rans i to ry  
slight body  w eight d ec re a s e .  T h e se  findings are  in a g re em e n t  with O rc u t t ' s  da ta  
on the  effee ts  o f  u ran ium  salt app l ica tion  on rabbit  skin (O rcu t t ,  1949).

In o rd e r  to d e tec t  the p re se n c e  o f  e lem en ta l  u ran ium  with in  the skin tis sues .  
X -ray  m icroana ly s is  was p er fo rm ed .  X-ray m icroanaly tica l  m e th o d s  have  been
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Fie;. 4. E lec tron  micrograph o f  horny layer showing a  dense  intercellular  band with an organized 
m em brane s truc ture  resembling lamellar bodies.  N oncon tra s ted  section. (14000X.)

widely uscd  to trace  the  d is tr ibu t ion  o f  e lem e n ts  in tis sues  ( f o r a  rev iew  see Hall, 
1979). In the p resen t s tudy  the  m e a su re m e n ts  p e r fo rm ed  with the  E D A X  revea led  
the ex is tence  o f  u ran iu m  in the  ep iderm is  and d erm is  a f te r  top ical appl ica tion  of  
uranyl n itra te .  T h u s ,  the  u ran ium  n a tu re  o f  the  e lec tro n -d e n se  m ater ia l ,  tha t was 
v isua lized  by t ran sm iss io n  e lec tró n  m ic ro sco p y ,  w as con fírm ed .  An im por tan t  
a m o u n t  o f  u ran iu m  se em s to  rem a in  in the skin sam p les  a f te r  fixation  and  em bed-



F i g . 5. E lec tron  micrograph o f  skin t rea ted  with uranyl ni tra te . Dense c lus ters  o f  uranium  deposited 
in the in tercellular  spaces are  show n. N o te  the striking electrón  density  of  nuclei  in a noncontrasted  
section, probably  also due to uranium deposition. (2650x.)

ding and  the  high e lec trón  dens ity  o f  the  metal m ade  it poss ib le  to v isualize the 
rou te  o f  p e n e tra t io n  o f  the  m etal a f te r  su rpass ing  the  ep iderm al barr ier .

N u m e ro u s  s tud ies  dealing  with skin pe rm eab il i ty  have  ind ica ted  tha t  the  skin 
ba rr ie r  is the m a jo r  im ped im en t  in p e rc u ta n e o u s  ab so rp t ion  (Schleuplein  and 
B lank, 1949: B arr .  1962). In the series o f  ex p e r im en ts  r ep o r ted  ab o v e ,  lam ellar  
e lec trón  d en se  a reas  loca ted  b e tw e e n  the  ho rny  and  g ranu la r  layers  w ere  o b se rv e d  
a t the site o f  the ep iderm al ba r r ie r  (Elias and  F riend ,  1975). In this c o m p a r tm e n t  
large am o u n ts  o f  u ran iu m  en ter ing  the skin se em e d  to  be initially s topped .  P en e ­
trat ion  is regu la ted ,  at least in the  initial s tages .  by large n u m b e rs  o f  lam ellar  
bodies  and  in te rce l lu la r  lam ellar  s t ru c tu re s  tha t co n fo rm  the perm eab il i ty  b a r r ie r  
(Elias and  F riend ,  1975). T h e  o b se rv a t io n  o f  su ccess iv e  sam ples  d em o n s tra te d  
tha t  the  pen e tra t io n  o f  u ranyl n itra te ,  af te r  su rpass ing  the barr ie r ,  is ac h ie v ed  to  a 
large e x te n t  a long the in te rce l lu la r  regions and  th rough  the  p i lo sebaceous  ap- 
p a ra tu s ,  but le sser  a m o u n ts  also  se em  to  t ra v e rs e  the tis sues  by transce l lu la r  
m ech a n ism s .  T h a t  su b s ta n c e s  t rav e rse  cells and  in te rce l lu la r  spaces  in a nonpref-  
e ren tia l m a n n e r  have  been  in ferred  by  Elias and F r iend  (1975) o bse rv ing  the  fluxes 
o f  su b s ta n c e s  ac ro ss  the epithelia .

S u cce ss iv e  daily  app l ica tion  o f  u ranyl n itra te  induced  a m ass ive  ab so rp t io n  by 
skin ,  ev id en ced  by the  large in te rcel lu la r  d ep o s i ts  o f  e lec trón  d en se  uran ium  
c lus te rs .  This  un co n tro l lab le  p en e tra t io n  can  be a t t r ib u ted  to  a  defíc ien t  State o f
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F i g . 6. E lec tron  micrograph show ing traces o f  uranium  in a  dermal capillary vessel. N oncon tras ted  
sect ion. (X2400.)

in te rce l lu la r  c o n ta c ts  and  also  to functional  and  s truc tu ra l  a l te ra t ions  o f  cell mem- 
b ranes  w hich  w ere  p rim arily  induced  by the initial pen e tra t io n  o f  the  co m p o u n d  
th rough  the ep iderm is .  As this p h e n o m e n o n  w as c learly  o b se rv e d  only  af ter  
u ranyl n itra te  app l ica tion .  a p robab le  effect o f  N O ,  anión on m e m b ra n e  lipopro-



Fio .  7. E lec tron  micrograph of  a  basal cell from epidermis that  has been trea ted  with uranyl n itra te  8 
hr  before . Striking alterations are obse rved  in the intercellular space. Cellular con tacts  are largely 
modified and  residual material is seen sca t tered  into widened intercellular area. M itochondria  ( )
appeared  smaller  and deep  d isa rrangem ents  o f  cr istae are observed .  Section con tras ted  with uranyl 
ace ta te  and lead ci trate.  (6000x .)

tein co m p lex e s  is suggested .  O th e r  u ranyl c o m p o u n d s  such  as am m o n iu m  uranyl 
t r ic a rb o n a te  and  uranyl ac e ta te ,  a l though  causing  significant m orta l i ty  and  body 
weight d e c re a s e s ,  failed to  induce  de tec tab le  u ran ium  depos it ion  in the  tissues.  
F u r th e rm o re  it is im por tan t  to  point out tha t in sy s tem ic  s tud ies  dealing  with the 
ab so rp t io n  o f  var ious  metal c o m p o u n d s  th rough  the  skin, d if fe rences  b e tw e e n  the 
p e n e tra t io n  have  been  show n  to ex is t .  depend ing  on how  the  metal is bou n d  and 
on the  type  o f  co m p lex  c o m p o u n d s  tha t  are  fo rm e d  w hen  the  su b s ta n c e  is dis­
sol ved in w a te r  and  lipid (Skog  and  W ah lbe rg ,  1963). R o th m an  (1954) rep o r ted  
tha t  su b s ta n c e s  soluble in bo th  lipid and  w ate r ,  like uranyl n itra te ,  p e n e t ra te  the 
skin m ore  readily  than less so luble o r  insoluble su b s tan ce s .

U l t ra s t ru c tu ra l  cell a l te ra t ions  as well as q uan t i ta t ive  d a ta  on basal cells pro- 
vided in fo rm ation  abou t the  tox ic  effect o f  so luble c o m p o u n d s  on  skin com po- 
nen ts .  T h e  rem ark ab le  a l te ra t ions  of  all m e m b ra n e  co n s t i tu e n ts  o f  ep iderm al cells, 
w ere  clearly  o b se rv e d  affecting  ce llu lar  a rc h i tec tu re  tha t can  in fluence on the  cell- 
c o n ta c t  in te ra c t io n s  and  cell m e ta b o l ism .  M o rp h o m e t r i c  m e a s u r e m e n ts  per- 
fo rm ed  in basal cells f rom  u rany l  n i t ra te - t rea ted  skin sh o w ed  tha t  the  basal cell 
su rface  a rea  w as 50% sm alle r  than  in the con tro l  ep iderm is .  This d e c re a s e  was



F ig . 8. Scanning electrón micrograph o f  cross -sectioned  skin t rea ted  with uranyl n itrate  4 hr before . C rossed  lines indícate the exac t  site o f  microprobe 
evaluation. T w o  peaks  are  seen in the E D A X  spectrum . U co r re sponds  to  elemental uranium and Au co r re sponds  to gold (by the shadow ing  tech- 
nique). ( 3 0 x .)
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tim e and  co m p o u n d  co n c e n t ra t io n  ind e p en d e n t .  P rev ious  s tud ies  h ave  sugges ted  
th a t  var ia t ions  in cell m o rp h o m e tr ic  en d p o in ts  co rre la te  well w ith  a l te ra t ions  in 
cell m e tabo l ism  (Klein  S zan to  ct al.,  1977). In conc lus ión  the  red u c t io n  in cell a re a  
af te r  topical app l ica tion  o f  u rany l n itra te  d irec tly  ref lects  the  tox ic  ac t io n  o f  the 
co m p o u n d  leading to invo lu t ional  ch anges  and  fínally to  a t ro p h y  o f  the  t issue.

T he  a b o v e  resu lts  d e m o n s t r a te d  tha t  p e rc u ta n e o u s  ab so rp t io n  is an  effec tive 
rou te  o f  pen e tra t io n  for  so luble  u ran iu m  c o m p o u n d s .  This m e ch a n ism  w hich  im- 
plies l ibera tion  o f  the  ac tive  ingred ien t  from  its vehicle  and  the  su b se q u e n t  a b ­
so rp t ion  in and  th rough  the  sk in ,  is im p o r ta n t  in co n n e c t io n  with the tox ic  effect o f  
h e a v y  m etá is  and  m u s t  be  c o n s id e red  w hen  hea lth  regu la tions  are  m a d e  regard ing  
the  handling o f  u ran iu m  c o m p o u n d s .
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