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reduces its biological act ivi ty by 97% or more ~s. I t  has 
been suggested that  sialic acid could be involved in the 
transport  of the hormone or have some action on acti- 
vat ing the receptor sites a t  the target  organs x4. There 
are indications tha t  sialic acid may  have a role in the 
spatial configuration of glycoproteins which is drastically 
changed by releasing sialic acid residues is. Furthermore,  
the ability of certain glycoproteins to inhibit  viral 
hemagglutination is related to their  sialic acid content xe, ~ 
The cell surface of transitional epithelium is covered by 
a thick carbohydrate coat or glycocalyx rich in sialic 

acid ~. This led to postulate that  the glycocalyx of transi- 
tional epithelium is a source of certain urinary complex 
carbohydrates, such as the mucoprotein of TAMM and 
HORSFALL*. The present results, indicating the high 
carbohydrate content,  particularly of sialic acid, in 
sheep transitional epithelium are followed by fractiona- 
tion studies and comparison of its electrophoretic be- 
haviour with the TAM~I-HoRsFALL mucoprotein is 

Resurnen. E1 epitelio de transicidn tiene alto contenido 
de carbohidratos. Este te]ido posee una de las concen- 
traciones m~s elevadas de ~cido siAlico en el organismo. 
Se describe un procedimiento simple para exfoliar epitelio 
de transicidn. 

Fig. 3. Transitional epithelial cells from pellet I (see text). H + E. 
× 1600. 
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Irreversible Depigmentation of Hair by N-Methyl-N-Nitrosourethane 

Recently it  has been reported that  skin application 
of a solution of 8-hydroxyquinoline 0.5% in acetone 
causes striking, but  reversible depigmentation of the sub- 
sequent hair growth in several strains of pigmented mice 1. 
Several other copper reagents, however, failed to inhibit 
hair pigmentat ion in feriaale C57BL mice. I t  has been 
suggested that  possibly a complex of 8-hydroxyquinoline 
with the metal  is involved. 

In the course of testing the carcinogen, N-methyl-N- 
nitrosourethane (MNU) by various routes in several 
animal species, single s.c. injections of MNU were 
observed to cause sometimes irreversible depilation at  
the site of injection, or irreversible depigmentation of 
the hair when the dark CBA mice were used (Figure 1). 
The depigmentation eifects on the hair were particularly 
striking after a single dose, 0.5 ml of a 2.5 % solution of 
MNU in 30% aqueous ethanol was injected into t h e  
marginal ear-vein of pigmented 'Dutch '  rabbits ears. 
The hair overlaying the veins through which MNU had 
pressumably passed (before being diluted in the blood 
stream), became depigmented and showed the pat tern 
of the underlaying veins (Figure 2). The depigmentation 
was noticed a few weeks after the injection and remained 
unchanged for more than  1.5 years. 

Melanine is known to occur in melanocytes, specialized 
cells in the basa / layer  of the epidermis, probably derived 
from the neural crest. I ts  formation involves several 
steps, the first of which is the oxidation of tyrosine to 

L-Dopa (3,4-dihydroxyphenyl atanine) by tyrosinase, a 
copper protein complex present in melanocytes. This 
enzyme is believed to catalyse also some of the sub- 
sequent reactions leading from Dopa to melanine. These 
involve the oxidation of L-Dopa to the respective ortho- 
quinone, cyclization to 5,6-dihydroxy-dihydro-indole- 
carboxylic acid, oxidation of the lat ter  to the respective 
red orthoquinone, hallachrome, its decarboxylation and 
eventually t h e  polymerization of indole-5, 6-quinone, to 
melanins, which probably form complexes with proteins 2 

The structures of melanins and the effects of various 
agents on their formation have been intensely studied. 
The melanins give ES1R signals for free radicals; they 
appear to contain besides indole-5,6-quinone, small 
numbers of units of some of its precursors 8. 

Irradiation, whether with ultraviolet rays, or small 
doses of X- and y-rays as well as local application of 
carcinogenic polycyclic aromatic hydrocarbons are known 
to induce increased skin pigmentat ion 4. These agents 
have been shown to act ivate the usually non-pigmented 
melanocytes and also to cause their proliferation. This 
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effect is expla ined by  the  r emova l  of the  reducing SH-  
groups (in-S-S-bonds) though  o ther  (e.g. hormonal)  
factors  m a y  also be involved.  In  albino animals,  which 
lack the  genet ica l ly  de te rmined  tyrosinase,  p igmen ta t ion  
of me lanocy tes  can not  t ake  place. 

Fig. 1. Local depigmentation of hair in CBA mice, persisting for 
many months after a s.c. injection of MNU (0.25 nag in 0.05 ml 
30% aqucous ethanol). 

Fig. 2. Depigmentation of hair covering the veins of 'Dutch' rab- 
bit's ear after a single dose of MNU (12.5 mg in 0.5 ml of 30% 
aqueous ethanol) injected into the left peripheral vein of the left 
ear. The right ear is shown for comparison. 

A t e m p o r a r y  inhibi t ion of melanin  format ion  can be 
caused e i ther  by  compounds  t h a t  combine  wi th  copper,  
or wi th  o-dihydroxy groups and o-quinones, by  cer ta in  
analogues of tyros ine  (which can act  as compe t i t i ve  
subst ra tes  for tyrosinase)  and also by var ious  reducing 
substances,  ascorbic acid, hydroquinones ,  su lphydry l  
compounds  etc.  H o r m o n a l  and  nu t r i t iona l  factors,  and  
micro-e lements  p lay  also a role. Dep igmen ta t ion  due to 
copper  deficiency can be prec ip i ta ted  by excess molybde-  
n u m  in d ie t  ~, and by ce r ta in  compounds  t h a t  bind copper  
( including sulphydryls)  *. In  such cases add i t ion  of copper  
su lpha te  to  the  diet  can  of ten  reverse  t he  inhibi t ion of  
melan in  format ion.  

However ,  when  the  me lanocy te s  degenera te  and  a t ro-  
phy,  i r revers ible  dep igmen ta t ion  will  follow. This  happens  
a f te r  large doses of X- rays  6 or  dur ing  t r e a t m e n t  w i th  
a lky la t ing  agents,  of  which M N U  is a good example .  
S imi la r  p e r m a n e n t  dep igmenta t ion  of ha i r  was observed  
in p igmen ted  mice also af ter  s.c. in jec t ions  of N-e thy l -  
N-n i t rosoure thane  and of e la iomycin .  

The  ques t ion  arises w h y  melanocy tes  are  more  sen- 
s i t ive  to  t he  necrot iz ing ac t ion  of M N U  (and of the  o the r  
agents)  t h a n  o the r  ceils in the  skin and  in t he  hair  
follicles. I t  is possible t h a t  th is  m a y  be due  to  a low 
con ten t  of g lu ta th ione  and of o the r  p ro tec t ive  su lphydry l  
(or selenohydryI)  compounds .  

Melanocytes  are  l ikely  to  h a v e  a low concen t ra t ion  of 
cy top lasmic  su lphydry l -compounds ,  o therwise  melan in  
would  no t  be formed.  In  t he  case of MNU,  it  is known 
t h a t  i t  rap id ly  in terac ts  wi th  su lphydryls  a t  physiological  
p H  7 and t h a t  depend ing  on its concen t ra t ion  i t  can  form 
a n u m b e r  of de r iva t ives  f rom cyste ine  8. Smal l  molecular  
su lphydry l  compounds  (cysteine, g lu ta th ione)  will  p ro tec t  
the  more i m p o r t a n t  su lphydryls  present  in enzymes  and 
in the  s t ruc tura l  e lements  of cells f rom the  irreversible 
ac t ion  of MNU,  as t hey  also do in the  case of r ad ia t ionL  
The known resis tance of the  l iver  to  the  carcinogenic  
act ion of rad ia t ion  and of M N U  10 is p robab ly  due to its 
h igh concen t ra t ion  of g lu ta th ione .  

Very m a n y  metabol ic  processes depend on the  in tegr i ty  
of the  appropr ia te  cel lular  SH-cons t i tuents ,  the  sens i t iv i ty  
of which m a y  depend on steric and o ther  factors.  The  
concen t ra t ion  of M N U  reaching the  si te cr i t ical  for 
melanin  fo rmat ion  will be of p a r a m o u n t  importance .  The  
pa radox  of the  s i tua t ion  t h a t  dosing wi th  su lphydryl  
compounds  usual ly  p reven ts  melanin  iormat ion,  bu t  can  
somet imes  p reven t  the  opposi te  effect, dep igmenta t ion ,  
m a y  be only  apparent .  W i t h  the  increase in our knowledge 
of the  fundamen ta l  b iochemical  mechan ism invo lved  in 
the  process, this  pa radox  will, no doubt ,  be resolved.  

Rdsumd. Une inject ion du carcinoggne N - m 6 t h y l - N -  
n i t rosour6 thane  (MNU) entraine d6p igmenta t ion  perma-  
nen te  des polls des an imaux  pigment6s  (ceux des souris 
CBA et  des oreilles du lapin , D u t c h , ) .  Le  r61e des 
g roupement s  sulphydryles  qui  r~agissent  avec  M N U  est  
discut6. 
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