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The dynamics  of d is t r ibut ion of u r id ine -H 3 and thymidine-H :~ in the ep ide rmis  of C57BL mice  
was studied e l e c t r o n - m i c r o s c o p i c a l l y  between 2 and 24 h af ter  their  s epa ra t e  in t raper i toneal  
injection. A high ra t e  of incorpora t ion  of both labeled nucleosides was d iscovered  and their  
local izat ion was found to depend on the t ime of injection. Depending on the c h a r a c t e r  of 
the i r  dis t r ibut ion and the ra te  of incorpora t ion  into the ep idermis  three zones of act ive p r o -  
tein synthesis  can be dist inguished:  the boundary zone between the ep ide rmis  and d e r m i s ,  
the l ayer  of basa l  cel ls ,  and the granular  l aye r .  The c h a r a c t e r  of distr ibution of the label 
in the late per iod a f te r  injection conf i rms  e l e c t r o n - m i c r o s c o p i c  data on the act ive role of 
the nucleus and the cy top lasmic  r ibosomes  in f ibr i l  synthesis  in the basa l  and pr ick le  cel ls  
and in kera tohyal in  format ion  in the cel ls  of the granular  l aye r .  By de te rmin ing  the hourly 
changes in the dis tr ibut ion of the labels  the s tages  of t r anspo r t  of the injected nucleosides or  
the i r  metabol i tes  could be followed f r o m  the subep idermal  region into the cel ls  of the ep i -  
d e r m i s .  
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Although the m i c r o -  and u l t r a s t r uc t u r e  of the ep ide rmi s  has been studied re la t ive ly  well ,  ex t r eme ly  
li t t le is known about the b iochemica l  p r o c e s s e s  taking place  in its ce l l s .  This is chiefly because of the ab-  
sence  of methods for  i sola t ing the ep ide rmis  without damaging its s t ruc tu re  and for  separa t ing  it into indi-  
vidual l a y e r s ,  ce l l s ,  and in t race l lu la r  organoids in quanti t ies sufficient  for  invest igat ion.  L i g h t - m i c r o -  
scopic  au torad iography  has provided more  accura te  informat ion on the ra te  of cell  division in the ep id e r -  
mis  and has demons t ra ted  the zones of act ive  pro te in  synthes is  in the basal  cei ls  and in the s t r a t u m  g ran -  
u losum [5, 7-9 ,  11, 16]~ The resolv ing  power  of the light mic roscope  is too low to enable the injected 
labeled p r e c u r s o r s  to be cor re la ted  sufficiently p r e c i s e l y  with the individual cel ls  and the i r  organoids .  

The object  of this invest igat ion was to make an e l e c t r o n - m i c r o s c o p i c  study of the dynamics  of in- 
corpora t ion  of thymidine-H 3 and ur id ine-H 3 into cel ls  of the ep ide rmis  during the period f rom 2 to 24 h 
a f t e r  injection. 

EXPERIMENTAL METHOD 

C57BL mice were used~ An intraperitoneal injection of 200 pCi thymidine-H 3 was given to the mice 

of one group and of I00 pC uridine-H 3 to the animals of the other group. The animals were .decapitated 2, 

6, 12, and 24 h later and pieces of the plantar and abdominal skin were fixed in 3% glutaraldehyde, dehy- 

drated, and embedded in Araldite. Ultrathin sections were coated with Gevaert 3.07 NUC emulsion by the 
method of Caro and van Tubergen [4] and stained with uranyl acetate and lead citrate. The sections coated 
with emulsion were examined in the IEM-7A (Japan) electron microscope~ 
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F ig~ I .  D i s t r i b u t i o n  o f  u r i d i n e - I  ~ in the sk in  of  m i c e  a t  v a r -  
ious  t i m e s  a f t e r  i n j ec t i on :  a) f r a g m e n t  of  c a p i l l a r y  w a l l  n e a r  
b a s e m e n t  m e m b r a n e :  2 h a f t e r  i n j e c t i o n  u r i d i n e - H  s m i g r a t e s  
f r o m  the c a p i l l a r y  l umen  into the nuc leus  o f  an e n d o t h e l i a l  
c e l l  (15,000 x);  b) u r i d i n e - H  ~ 2 h l a t e r  in the r e g i o n  of  the 
s u b e p i d e r m a t  p l e x u s ,  on the b a s e m e n t  m e m b r a n e ,  and in the 
zone of  n u c l e a r  h e t e r o e h r o m a t i n  of a b a s a l  c e l l  of  the e p i -  
d e r m i s  (10,000 x);  c) u r i d i n e - H  ~ 2 h l a t e r  in the c y t o p l a s m  
of  a b a s a l  c e l l  above  a c l u s t e r  of  r i b o s o m e s  in an  a r e a  of  
newly  f o r m e d  p r i m a r y  f i l a m e n t s  (15,000 x);  d) u r i d i n e - H  ~ 
24 h a f t e r  i n j e c t i o n  in  the nuc leus  and c y t o p l a s m  of  a f i b r e -  
b l a s t ,  p o s s i b l y  connec t ed  with  s y n t h e s i s  of  the c o l l a g e n  f i b r i l s  
o f  the d e r m i s  (11,500 x);  e) f r a g m e n t  of  nuc l eus  of  a p r i c k l e  
c e l l  of  the e p i d e r m i s  wi th  u r i d i n e - H  8 above  the nuc l eo lus  2 h 
a f t e r  i n j ec t i on  (22,500 x);  f) u r i d i n e - H  ~ 24 h a f t e r  i n j e c t i o n  
above  r i b o s o m e s  in  the c y t o p l a s m  of  a p r i c k l e  c e l l  in  an a r e a  
of  newly  f o r m e d  f i b r i l s  (a r row)  (15,000 x) .  

EXPERIMENTAL RESULTS AND DISCUSSION 

The ultrastructure of all components of the epidermal cells was well preserved in the material 

examined. 

Uridine-H 3 was detected 2 h after intraperitoneal injection in the cells of the epidermis, on the 
basement membrane, on the collagen fibrils close to it, and also in the region of nuclei of the capillary 
endothelium beneath the epidermis (Fig. la, b). 

Uridine-H 3 was found inthebasal cells of the epidermis in the nucleus beneath the nuclear mem- 
brane in the zone of heterochromatin, above the nucleolus, and in the cytoplasm above a cluster of ribo- 
somes (Fig. ic). In the cells of the stratum spinosum it was found in the region of the nucleolus (Fig. Id), 
and in the granular cells it was seen above the keratehyalin granules and close to a cluster of granules 

of nucleoprotein type (Fig. 2a, I and It). 
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F ig .  2. Dynamics of distribution of uridine-H 3 and thymidine-H 3 in 
the skin of mice at various times after  injection: a) uridine-H s 2 h 
(I, II) and 24 h (HI) after injection above a c lus ter  of r ibosomes and 
nucleoprotein granules close to newly formed tonofibri l lary kera to-  
hyalin complexes .  Magnifications: I) 11,000 • II) 15,000 • III) 
12,600 • b) f ragment  of capi l lary wall: thymidine-H 3 2 H after  in- 
jection migra tes  f rom the capi l lary lumen (15,000 • c) thymidine- 
H 3 in the region of the nucleus of a f ibroblast  in the dermis  close 
to the basement  membrane 2 h af ter  injection (12,100 • d) thymi-  
dine-H 3 in the nuclei of a basal  (I) and prickle (II) cell of the epi-  
dermis  24 h af ter  injection. Magnifications: I) 31,500 • II) 150,000 • 

La ter  the localization of the uridine-H ~ remained unchanged. After 24 h it appeared above the r ibo-  
somes close to the nucleus of the pr ickle  cells (Fig. lf) but it was present  in an increased amount in the 
region of the keratohyalin granules (Fig. 2a, III), of individual connect ive- t issue cel ls ,  and close to the 
basement  membrane .  It could be seen both in the nucleolus of the cells and above the cytoplasmic r ibo-  
somes ,  the endoplasmic re t iculum, and the ve ry  thin in t ra-  and ext racel lu lar  fi laments {Fig. ld). 

Thymidine-H 3 was found in the plantar  and abdominal skin 2 h after  injection in the boundary zone 
between the epidermis  and de rmis ,  in the cell nuclei of the dermis  and the endothelium of the capi l lary 
walls (Fig. 2b, c). Sometimes it was also found above the nuclei of the basal cel ls ,  and later  of the prickle 
eel[s ,  where it remained until 24 h (Fig. 2d; I and II). Sometimes the thymidine-H 3 appeared to be bound 
with the basement  membrane ,  giving the impress ion  that it was pass ing through f rom the dermis  into the 
cytoplasm of a basal  cell of the epidermis .  

This investigation showed that the method of autoradiography at the e lec t ron-microscop ic  level, as 
used in this case ,  does not give r i se  to any appreciable distort ion or  damage of the u l t ras t ruc ture  of the 
epidermal  cel ls .  It is a reasonably accura te  method of determining the localization of uridine-H 3 and 
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thymidine-H 3 in the various cell organelles and of studying the dynamics of their incorporation and mig ra -  
tion in the course  of time after  their injection. 

The relat ively high rate of incorporation of thymidine-g 3 and uridine-H 3 into the cells of the ep ider -  
mis is in agreement  with the results  of other investigations [5, 11, 13, 14]. The labels of the injected nu- 
c leosides ,  chiefly uridine-H 3, were incorporated af ter  2 h not only into the nuclear  and r ibosomal s t r uc -  
tures of the connect ive- t issue cel ls ,  the capi l lary endothelium, and the basal  cells of the epidermis ,  but 
they were als0 visible in the s t ra tum granulosum. In the charac te r  of distribution and rate of incorpora-  
tion of the radioactive p r e c u r s o r s  3 zones of active protein synthesis  can thus be distinguished in the epi-  
de rmis :  zone of the basement  membrane ,  the layer  of the basal cel ls ,  and the layer  of the granular  cel ls .  
The presence  of active zones of protein synthesis in the basal  and granular  cells has also been demon- 
strated by other workers  using tritiated amino acids [6, 7, 9, 10]. 

These observations showed that p r ima ry  filaments 30-50 ~ in d iameter  are  synthesized in the cyto-  
p lasm of the basa l  cells with the active part icipation of the cytoplasmic r ibosomes and the mitoehondria,  
whereas  collagen fibrils are formed and mature in the dermis  close to the basement  membrane .  In the 
granular  cel, ls tonofibri l lary keratohyalin complexes,  the immediate morphological  p r ecu r so r s  of the ke ra -  
tin f ibri ls ,  are formed in the granular  cells with the part icipation of nuclear  nucleoproteins,  released in 
large masses  into the cytoplasm of the cells and grouped around these complexes.  The localization of u r i -  
dine-H 3 above the keratohyalin granules during the f i rs t  few hours af ter  injection confirms that they con- 
tain RNA [3, 12, 15]o The presence  of the label in the late period after  injection and also its localization 
in the region of concentrat ion of nucleoprotein masses  discharged f rom the nucleus and surrounding the 
tonofibri l lary keratohyalin complexes,  on the other  hand, could be secondary in charac ter ;  i.e.,  af ter  p r i -  
mary  incorporat ion into the nucleus the label could be discharged together with the contents of the nucleus 
into the cytoplasm.  

Active liberation of the contents of the nucleus and nucleolus into the cytoplasm [1] was observed 
also in the other  layers  of the ep idermis ,  including the s t ra tum basale.  This was also confirmed by the 
appearance of ur idine-H 3 2 h after  injection in the nucleolus,  and 24 h af ter  injection above the r ibosomes 
of the cytoplasm.  The appearance of cytoplasmic labels in the late period af ter  injection of uridine-H 3 and 
thymidine-H 3 could also be secondary  in charac te r .  

Thymidine-H 3 was found 2 h after  injection in the nucleoplasm of the connect ive- t issue and some 
basal  cells  of the epidermis .  It began to be c lear ly  detectable in the nuclei of the basal  and prickle ceils 
only af ter  24 h. Having been incorporated into the interphase nucleus it could evidently be detected in the 
cell  during division and migrated along with the cell into the s t ra tum spinosum lying above. This is in 
agreement  with optical microscopic  observat ions of the incorporation of thymidine-H 3 into interphase nu- 
clei of the basal cells of the epidermis f rom 15 min to 1 h af ter  injection and the migrat ion of individual 
labeled cells af ter  division into the s t ra tum spinosum 12 h af ter  injection~ As the resul ts  described above 
show, uridine-H 3 is also sufficiently specific,  but it is a more promis ing  substance with which to study 
metabol ism and synthesis in the epidermis than thymidine-H 3. It is incorporated more rapidly into the 
nucleolar  and r ibosomal  s t ruc tures  of the basal ,  pr ickle ,  and granular  cells of the epidermis and the cha r -  
ac te r  of its distribution 2 h af ter  injection is prac t ica l ly  the same as that 24 h af ter  injection, except for 
the l iberation into the cytoplasm along with the contents of the nucleus re fer red  to above. 

Charac te r i s t ica l ly  uridine-H 3 is located in individual nuclei of the epidermis  not only in the region 
of the nucleolus, but also in what is called the Davis layer  - b e n e a t h  the nuclear  membrane ,  where the r ibo-  
nucleoproteins are  located. 

In conclusion it must  be emphasized that the labels of the injected nucleosides in the f i r s t  few hours 
were often discovered on s t ruc tures  with which they could not have been chemically bound (the capi l lary 
walls ,  the basement  membrane ,  collagen fibrils).  These findings presumably  ref lec t  stages in the t r ans -  
por t  of these substances or  their  metabolites into the epidermis .  After intraperi toneal  injection they were 
car r ied  by the blood s t r e a m  into the terminal  capil lar ies  of the subepidermal region,  af ter  which they mi-  
grated by t ransfusion through the capi l lary wall into the zone of the epidermal  basement  membrane .  

Another factor ,  possibly with decisive importance in the interpretat ion of these results  is the poss i -  
bility of rapid breakdown of the injected labeled nucleosides [2]. 
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