
94 Specialia IgXPgRIENTIA 2411 

Rdsumd. La glande tyroide du Msytus vittatus sous 
photoperiodes normales montre des variations cycliques 
saisonni&res: Au tours d 'un an il y cut 2 phases d 'activit6 
tyroidale augment6e et chacune fa t  s6par6e par i phase 
de repos. Sous illumination prolong6e le type de variations 
rests  identique;  sauf les phases de repos furent enregis- 
tr~es 2 tools plus t6 t  que la normale. Ce plan rythmique 

d'activit6s disparut dans une obscurit6 totale et l 'activit6 
tyroidale demeura a un niveau 61ev6 toute l'ann6e. 

T. P. SINGH 

Department o[ Zoology, University o/ Udaipur, 
(Ra]asthan, India), 31 May 1967. 

S T U D I O R U M  P R O G R E S S U S  

Epidermal  Homeostas i s  - a N u m e r i c a l  M o d e l .  K i n e t i c s  of  E p i d e r m a l  Cells 

With the possible exception of the nervous tissue, the 
maintenance of functional capacity of adult organs in- 
volves a continuous process of cell renewal. In  the 
majori ty of cases this process depends on the persistence 
of low level mitotic activity, but  i t  may invotve cellular 
transformation as when antigenic stimulation induces 
plasma cell formation. An important  aspect of the 
problem is that,  in general, mitotic act ivi ty keeps pace 
with cell destruction in such a manner that  there tends 
to be maintained a rather constant ratio between the 
mass of a given organ and the total body mass, This 
regulation appears to be the rule, although in some in- 
stances physiological cyclical act ivi ty or altered functional 
demand obscures this basic relation, as in the case of the 
uterus during menses or pregnancy. 

The manner in which mitotic act ivi ty  keeps pace with 
cellular destruction is not understood and may involve a 
variety of mechanisms. In the case of the liver or kidneys, 
regeneration experiments suggest tha t  functional load is 
the determining factor. A similar conclusion may apply 
to the regulation of the mass of red cells, since either 
bleeding or injection of additional red cells is compensated 
for, the mass of red cells returning to the pre-experimental 
level x. 

A kinetic model of growth regulation developed by 
WEIss and KAVANAU interprets cellular homeostasis in 
terms of production of inhibitory or repressive substances 
which are able to diffuse across cell boundaries ~. ]3IJLLOlmt~ 
has likewise postulated an inhibitor-based negative feed- 
back to account for the maintenance of the normal 
epidermis 8, and has subsequently claimed to have iso- 
lated the repressor substance. IVERSEN incorporated these 
ideas in an electronic analogue and demonstrated tha t  an 
inhibitor-based negative feedback system does indeed 
reproduce the kinetic behavior of epidermal cells under a 
var ie ty  of conditions 4. 

Suggestive as these ideas are, there is no satisfactory 
evidence to substantiate them. IVERSEN'S analogue simu- 
lation does not  per se prove the existence of a molecular 
repressor mechanism, since the postulated model is de- 
scriptive of a number of different physical systems. 
BIJI.LOIJG~'S evidence is rather unsatisfactory, mainly be- 
cause the postulated repressor does not  repress unless 
epinephrine is present in the system. The lowest dose of 
epinephrine employed in vivo 5 is so large (10 /,g/mouse) 
as to exceed thousands of times the normal blood content 
of this amine, (less than 1 #g/l) suggesting tha t  mitotic 
inhibition may  have resulted from the combined effects 
of adreuocortical act ivation and intense prolonged cuta- 
neous vasoconstriction. The in vitro experiments are 
similarly inconclusive because they were conducted in an 
atmosphere of pure oxygen 5m which favors the oxidation 

of epinephrine to  adrenochrome, a known mitotic poison. 
This consideration is more than suggestive, since addition 
of reduced glutathione or ascorbic acid which by them- 
selves do not affect mitosis, effectively prevents or 
abolishes the presumed antimitotic effects of epinephrine ~. 

This short appraisal of current views highlights our 
surprisingly unsatisfactory grasp of factors involved in 
epidermal homeostasis. An a t tempt  to re-evaluate the 
problem de novo has resulted in a basically simple 
kinetic formulation. 

Epidermal nutrition. In contrast to other tissues, the 
epidermis does not possess a blood supply of its own, 
depending for its non-gaseous needs on the movement  of 
substances across the basement membrane. Thus the 
nutr i t ive flux into tile epidermis could be governed both 
by the extent  of exchange of materials between blood 
and tissue fluid in the dermis and by the magnitude of 
the subsequent transport  of metabolites across the dermal- 
epidermal junction. 

Since transendothelial exchange is flow limited both in 
the case of 'small  s and large 9 molecuIes, i t  is subject to 
hemodynamic regulation. However, since at  Iow blood 
flows local metabolic regulation may take precedence over 
centrai constrictor influences ~°, it is unlikely tha t  under 
normaI conditions insufficient transendothelial exchange 
can last long enough to materially affect the nutr i t ive 
traffic across the basement membrane. 

Thus, assuming an adequate transendothelial move- 
ment  of metabolites in the dermis, epidermal nutri t ion 
becomes a Iunction of the magnitude of metabolite flux 
across the basement membrane. This process is usually 
thought  to be due to diffusion, but  under certain condi- 
tions it  is possible to distinguish the presence of another 
component of transport,  which is mediated by the buIk 
flow of water. This component  may  readily be recognized 
in scotch tape stripped skin, where the surface becomes 
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covered with a layer of serum ultrafil trate from which 
water evaporates readily. The epidermis in this situation 
acts like a wick, evaporation causing a constant flow of 
solutes onto the surface where they tend to accumulate. 
This process differs from diffusion, since it can occur in 
the absence of any solute concentration gradients, being 
obviously coupled to the activity gradient of the solvent 
at the vapor-liquid interface. Such wick action would 
result in the establishment of an act ivi ty gradient of the 
solute, and its diffusion in the opposite direction, with a 
zero net  solute transport  once a steady state is established. 
In  the presence of a metabolic or other sink for the solute, 
as in the epidermis, diffusion into the epidermis and bulk 
flow-mediated transport  may both occur in the same 
sense. 

The dual character of transport into the epidermis 
should lend itself to description in terms of ONSAGER'S 
theory n, since the total  flux of a given metabolite can be 
resolved into at  least 2 component fluxes. 

The relative contribution of these 2 modes of nutr ient  
t ransport  is difficult to establish. The bulk flow-mediated 
component is probably minimal under normal conditions, 
but  very likely becomes prominent in situations in which 
the skin barrier to water is functionally deficient, or in 
general, when the evaporat ive loss from the skin surface 
is large. The resulting total  nutrient  flux may then exceed 
tha t  of normal epidermis and lead to cellular proliferation. 

E p i d e r m i s  as a steady slate system. The maintenance of 
a relat ive numerical constancy among the various cell 
types of the epidermis in the face of uninterrupted cell 
loss and cell division suggests tha t  the population of 
epidermal cells represents an open steady state system. 
The t ime invariant  s teady state concentration of the 
various cellular components of such a system would then 
be determined by the magnitudes of the various rate 
constants and not by the initial composition, a property 
which should endow the system with so-called equifinality, 
i.e. the ability to recover following a perturbation xa. Such 
a perturbation may consist of a dimunition in the size of 
one or more cellular compartments  as in injury or of an 
increase, a situation which does not  appear to have been 
experimentally studied in the epidermis, and the restora- 
tion may or may  not be accompanied by an overshoot. 
Accordingly, any transient or permanent  change in the 
size or composition of the population of epidermal ceils 
must be due to an appropriate change in one or more of 
the relevant rate constants of the system. 

Among the various rate constants, the rate of division 
of basal cells has received particular attention, since 
epidermal homeostasis could be effected by means of 
mitosis promoting~,  '4 or mitosis repressingZ, 3 agents. 
However, the mitotic rate of epidermal cells could be in- 
fluenced by other factors as well, such as temperature or 
rate  of supply of a limiting metabolite. The effects of 
environmental  temperature on cell mitosis in the skin 
appears well established ~5,xe, there is no evidence however, 
for a Malthusian type of control of epidermal mitotic 
act ivi ty  except perhaps in the limiting case of ischemic 
disorders in which the skin exhibits various degrees of 
atrophy. However, nutritional control is prominently in- 
volved in the continuous cultivation of micro-organisms 
in which a constant cell density is maintained. In such 
cultures various steady state population densities can be 
established at will, the regulation being based on the de- 
pendence of the specific growth rate of the organism on 
the rate of supply of a limiting metaboli te~,  xs. The 
experimentally-established occurrence of this control 
mechanism in one system strongly favors, in our opinion, 
its consideration in epidermal homeostasis in preference 
to other, less founded hypotheses. 

To recapitulate, it is believed tha t  the epidermis can 
best be conceived as an open steady state system through 
which flow both matter  and energy and that  this feature 
accounts satisfactorily for its self-regulating properties. 
In the overall process of conversion of a given input of 
metabolites into keratin a change in the steady state 
level of any given cellular constituent of the epidermis 
may occur only in virtue of a change in one or more of 
the relevant  rate constants. I t  is further considered tha t  
the biological control of the epidermis is based on the 
circumstance tha t  both the totM number of epidermM 
cells and the rate of production of new cells per uni t  area 
of skin surface depend on the rate at  which the epidermis 
is supplied with a limiting metabolite, and tha t  the 
numerical expression of this relationship is approximated 
by the hyperbolic function found by MoNoD to apply in 
the case of continuous cultures of micro-organisms. 

The formal presentation of these ideas is subdivided 
into 2 parts. In  the first part,  it will be shown that  i t  is 
possible to describe epidermal growth in terms of first- 
order kinetics and to this end the differences in cellular 
outputs per unit area of sMn surface of a number of 
epidermal populations of various sizes are expressed as 
differences in specific growth rates of an idealized epider- 
mal cell population of standard size. 

The adjusted specific growth rates are calculated both 
for psoriatic and scotch tape stripped skin, and the values 
are used in the second part  of the paper to estimate by 
how much the nutr ient  flux into the epidermis must  have 
increased above normal in order to account for the high 
rate of cell production which characterizes both of these 
situations, 

The model. As a first approximation the epidermis can 
be considered as consisting of 4 conceptually discrete 
cellular compartments  (Figure). The compartments  are 
G (generating cells), D (differentiating cells), K (keratino- 
cytes) and F (flakes). For  simplicity the capital letters 
also designate the size (No. of cells) of the respective 
compar tment  per unit area of skin surface. The number 
of compartments  of this model has no special significance; 
some of these could be lumped together, or further sub- 
divided if one so wished. Also, no special significance 
should be attached to the names assigned to the compart-  
ments;  they only serve to designate successive stages in 
the progression from basal cells to the scaly agglomerates 
which are shed from the skin surface. 

S# 6.~ k~ n k~ K /('3 r k',~ 

L_ . . . . . . . .  ~ . . . .  t 

I,o water I 

First approximation to the kinetic description of the epidermis. 
Compartment F is showll distinct from compartment K in order to 
emphasize that the rate of scaling k4F may be abnormal. The 
meaning of symbols is given in the text. 
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T h e  t r a n s f e r  of cells a m o n g  t h e  va r ious  c o m p a r t m e n t s  
is essen t ia l ly  un id i rec t iona l ,  t h e  r e spec t ive  r a t e  c o n s t a n t s  
be ing  kl, k2, k a a n d  k~, t he  l a t t e r  r e p r e s e n t i n g  t he  r a t e  of 
d e s q u a m a t i o n  ; u is t h e  specific g r o w t h  r a t e  of G, g iven  b y  

u = ( l /G) (dG/d t )  (1) 

The  a r rows  on  t he  left  side r e p r e s e n t  t he  r a t e s  of s u p p l y  
of t he  l imi t ing  s u b s t r a t e  b y  di f fus ion (Sd) a n d  b y  e v a p o r a -  
t i o n - a c t i v a t e d  b u l k  flow (Se). In  th i s  model  t h e  specific 
g r o w t h  r a t e  u is t a k e n  to  d e p e n d  solely on  t h e  s u m  of 
Sd a n d  S e. T h e  n e g a t i v e  f e e d b a c k  is r ep r e s en t ed  b y  t he  
b r o k e n  ar row,  t he  s ign r e v e r t e r  be ing  t he  w a t e r  ba r r i e r  
f u n c t i o n  of K.  Th i s  f u n c t i o n  m a y  be  r ep r e s en t ed  as a 
f r ac t i on  of K w h e n  c o m p a r i s o n  is m a d e  b e t w e e n  sk ins  
o b t a i n e d  f rom va r ious  locat ions ,  b u t  for  t he  s ame  loca t ion  
i t  is l ikely to  be  d e t e r m i n e d  b y  the  degree  of  c o m p a c t i o n  
of cells of c o m p a r t m e n t  K.  

I n  general ,  t h e  cond i t i on  oI t h e  sk in  is in fe r red  f rom 
o b s e r v a b l e  e v e n t s  a t  t h e  sur face  of t h e  epidermis .  I n  
pa r t i cu l a r ,  t h e  r a t e  of s h e d d i n g  of scales f rom a u n i t  a rea  
of sk in  sur face  mi r ro r s  t h e  e x t e n t  of t h e  m i t o t i c  a c t i v i t y  
of t h e  g e n e r a t i v e  cells wh ich  n o r m a l l y  l ine t h e  b a s e m e n t  
m e m b r a n e .  Since t h e  a r ea  of t h e  b a s e m e n t  m e m b r a n e  is 
in  m a n y  cases la rger  t h a n  t h e  a rea  of t he  ove r ly ing  surface  
of t h e  sk in  a n d  s ince in some s i tua t ions ,  as in  psoriasis ,  
t h e  g e n e r a t i v e  cells are  f o u n d  in  m o r e  t h a n  one  cell 
l aye r  19, t he  size of p o p u l a t i o n  G pe r  u n i t  a rea  of skin  sur-  
face is n o t  c o n s t a n t .  F o r  th i s  r ea son  we cons ider  an  
e q u i v a l e n t  p o p u l a t i o n  P of s t a n d a r d  size a n d  specific 
g r o w t h  r a t e  z w h i c h  m a y  be  la rger  t h a n  u. T h e  cells of 
th i s  p o p u l a t i o n  are cons idered  to  fo rm a single l ayer  wh ich  
l ines an  a rea  of t he  b a s e m e n t  m e m b r a n e  equa l  to  t h e  
surface  a rea  of t h e  ove r ly ing  skin.  

T h e  or ig ina l  p o p u l a t i o n  G is r e l a t ed  to t he  s t a n d a r d  
p o p u l a t i o n  _P b y  t h e  r e l a t i on  

P = G(As/A ~ L) (2) 

where  ~/, a n d  -//j r e p r e s e n t  t h e  a rea  of t he  sur face  of t h e  
skin  a n d  of t he  d e r m a l - e p i d e r m a l  j unc t i on ,  respec t ive ly ,  
a n d  L is t he  n u m b e r  of layers  occupied  b y  t h e  g e n e r a t i v e  
cells. As a n  a p p r o x i m a t i o n ,  t h e  f ac to r  Az/A~ is t a k e n  as 
e q u a l  to  t he  r a t io  of t h e  l inea r  d i m e n s i o n s  of t h e  sk in  
sur face  to  t he  u n d e r l y i n g  b a s e m e n t  m e m b r a n e ,  as seen in 
h is to logica l  p r e p a r a t i o n s  of cross  sec t ions  of t he  skin,  i.e., 

-~tAj  = Z~lZ; (3) 

A neces sa ry  r e q u i r e m e n t  is t h a t  t h e  specific g r o w t h  
r a t e s  u a n d  z be  r e l a t ed  in such  a m a n n e r  t h a t  d u r i n g  t h e  
t i m e  i t  t akes  t h e  popuiati~on P0 to  d o u b l e  i ts  size, popu la -  
t i on  G would  also h a v e  p r o d u c e d  a q u a n t i t y  of cells e q u a l  
to  P0. Th i s  c o n d i t i o n  is sa t i s f ied  w h e n  

z = u 0.693/ln [(As/A 5 L) + 1~ (4) 

I n  t h e  l im i t i ng  case w h e n  t h e  g e o m e t r y  f ac to r  (As/A j L )  
= 1 ,  Z : U .  

B y  t r a n s f o r m i n g  in t h i s  m a n n e r  t h e  a c t u a l  p o p u l a t i o n  
G in to  a n  e q u i v a l e n t  p o p u l a t i o n  P we can  express  i t s  
b e h a v i o r  in  t e r m s  of t u r n o v e r ,  d o u b l i n g  a n d  ha l f  t i m e s  
a n d  use  these  p a r a m e t e r s  for c o m p a r a t i v e  purposes .  

The  fol lowing e q u a t i o n s  m a y  t h e n  be  app l ied  to  t he  
mode l :  

d P / d t  = z P -- k x P (5) 

dD/d t  = k 1 P --- k 2 D (6) 

d K / d t  = h~ D - k~ K (7) 

dF/d t  = h~ K -- k 4 F (8) 

The  ep ide rmis  will be in  a s t e a d y  s t a t e  w h e n  t h e r e  is 
no  c h a n g e  in t he  ef fec t ive  compos i t i on  of t he  va r ious  
c o m p a r t m e n t s ,  i.e. w h e n  

d P / d t  = dD/d t  = d K I d t  = dF /d t  = 0 (9) 

wh ich  leads  to  

z P  = k 1 P  = k 2 D  = k 3 K  = k 4 F  

rate of ceil ra te  of cell rate of rate  of rate  of 
production loss from G production of productior~ dcsqua- 
in G keratinocytes of scales marion 

( 1 0 )  

Accord ing  to  th i s  e q u a t i o n  t he  r a t e  of sca l ing  a t  the  sk in  
surface  is equa l  to  t he  r a t e  of f o r m a t i o n  of  n e w  ceils in 
c o m p a r t m e n t  G. 

Tile app l i c a t i on  of f i r s t -o rder  k inet ics  to  c h a n g e s  in  
c o m p a r t m e n t  size is b a s e d  on  t h e  a s s u m p t i o n  t h a t  t h e  
m a g n i t u d e  of a c h a n g e  in  a g i v e n  c o m p a r t m e n t  is pro-  
po r t i ona I  to  t h e  size of t h e  c o m p a r t m e n t ,  a n o t  un l ike ly  
b e h a v i o r  of t h e  sys tem.  

T h e  i n t eg ra l  f o rm  of e q u a t i o n  (5) is 

P t  = P0 exp  (z -- kl) t (11) 

where  Po a n d  P~ r e p r e s e n t  t h e  n u m b e r  of cells in  com-  
p a r t m e n t  G a t  t i m e  zero a n d  a f t e r  t he  t i m e  i n t e r v a l  t. 
E m p l y i n g  t he  usua l  n o t a t i o n ,  t h e  d o u b l i n g  t ime,  ha l f  t i m e  
a n d  t u r n o v e r  t i m e  of t h i s  p o p u l a t i o n  a re  g iven  b y  

te = 0.693/z (12) 

t1[ ~ = 0.693/k 1 (13) 

T = 1/z (14) 

Normal ,  s tr ipped and  psoriatic epidermis .  T h e  p o t e n t i a l  
usefulness  of the  foregoing  a p p r o a c h  is s h o w n  as follows. 
I f  t he  specific g r o w t h  r a t e  of t h e  n o r m a l  ep ide rmis  is 
0 .0086/day  19 a n d  t he  ep ide rmis  is of t h e  ' f l a t '  t y p e  (i.e. 
t h e  g e o m e t r y  f ac to r  AsIA j L = 1), t h e n  f rom e q u a t i o n  (4) 
z = u. Such  ep ide rmis  shou ld  e x h i b i t  a t u r n o v e r  t i m e  
T = 116 days  a n d  a doub l ing  t i m e  t d = 80.6 d a y s  (equa- 
t ions  14 a n d  12). A c t u a l  s tud ies  of o s m i u m  t e t r a o x i d e  
m a r k e d  skin, a p p r o x i m a t e  as t h e y  are,  i nd i ca t e  t h a t  25 
e p i d e r m a l  cell layers  on  t h e  f lexor  a spec t  of t h e  fo r ea rm  
where  t h e  sk in  is s t a t e d  to  be  of such  ' f l a t '  type ,  a re  
r enewed  in 100 days  2°. 

However ,  w o r k  i nvo lv ing  t he  i n c o r p o r a t i o n  of labe led  
m a t e r i a l s  i n to  t h e  ep ide rmis  of t h e  h u m a n  b a c k  ind ica t e s  
t h a t  t he  t u r n o v e r  t i m e  of th i s  p o p u l a t i o n  of cells is 27 
d a y s  2t. I f  we a c c e p t  t h i s  va lue ,  e v e n  t h o u g h  r e p e a t e d  
sc rap ing  of t h e  same  sk in  s i tes  m a y  h a v e  acce le ra ted  cell 
renewal ,  t h e n  for  th i s  locat ion,  t h e  va lues  for  n o r m a l  sk in  
a re  

2"( . . . . . .  alsMn) = 0.037 (days) -~ (15) 

a n d  t h e  d o u b l i n g  t i m e  td = 19 days .  

"With r e spec t  to  a b n o r m a l  s i tua t ions ,  use  c an  be  m a d e  
of a n u m b e r  of ava i l ab le  da t a .  T h u s  t h e  r e m o v a l  of 
corn i f ied  cells f rom t h e  f lexor  a s p e c t  of t h e  fo r ea rm  b y  
m u l t i p l e  a p p l i c a t i o n  of sco tch  t a p e  ( s t r ipp ing)  is r e p o r t e d  
to  increase  t he  mi to t i c  a c t i v i t y  of  t h e  ep ide rmi s  pe r  u n i t  
a r ea  of sk in  sur face  b y  a / a c t o r  of 17.82 ~, p r e s u m a b l y  
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because  of a n  i n d u c e d  c h a n g e  in t he  specific g r o w t h  r a t e  u. 
I n  t h i s  case  

2(strippedj = 2¢ X 17.82 = 0.15 (days) -x (16) 

w h i c h  resu l t s  in  T = 6.5 d a y s  a n d  t a = 4.5 days .  
S imi lar ly ,  s ince i t  is s t a t e d  t h a t  in psor ias is  t h e  n u m b e r  

of mi toses  pe r  u n i t  sur face  a r ea  of t h e  sk in  is 27 t i m e s  
g rea t e r  t h a n  in n o r m a l  ep ide rmis  ~9, 

2'(psoria; is)  = Z¢ X 27 = 0.23 (days) -x (17) 

g iv ing  T ..... 4.3 days  a n d  t a =  3.0 days.  I n  t he  same  
pub l i ca t i on ,  a ca l cu l a t i on  based  on  d i f fe ren t  cons idera-  
t ions  b u t  e m p l o y i n g  t h e  s ame  d a t a  yie lded a t u r n o v e r  
t i m e  of 4 days  xg. 

N u t r i t i v e  control.  T h e  basic  s imi l a r i t y  b e t w e e n  t he  
cel lu lar  p o p u l a t i o n  of t h e  ep ide rmis  a n d  s t e a d y  s t a t e  
cu l tu re s  of mic ro -o rgan i sms  enab les  a t e n t a t i v e  appl ica-  
t i on  to  t h e  ep ide rmis  of t h e  q u a n t i t a t i v e  r e l a t i onsh ips  
wh ich  h a v e  been  e x p e r i m e n t a l l y  e s t ab l i shed  for t h e  l a t t e r .  
T h u s  t h e  bel ief  in  t h e  ex i s tence  of a de f in i t ive  n u m e r i c a l  
r e l a t i onsh ip  b e t w e e n  t he  a m o u n t  of n u t r i e n t s  c o n s u m e d  
b y  t he  ep ide rmis  a n d  t h e  g r o w t h  of t he  p o p u l a t i o n  of 
e p i d e r m a l  cells, b o t h  expressed  pe r  u n i t  a rea  of skin  sur-  
face, is s t r e n g t h e n e d  b y  t he  c i r c u m s t a n c e  t h a t  a n  ana -  
logous r e l a t i onsh ip  cha rac t e r i zes  mic rob ia l  s t e a d y  s t a t e  
cu l tu res ,  where  i t  was  fo rma l ly  expressed  b y  

d 3 6 r / d t -  Y d S / d t  (18) 

whe re  d M / d t  is t h e  r a t e  of g rowth ,  d S / d t  t h e  r a t e  of 
u t i l i z a t i on  of t h e  l im i t i ng  subs t r a t e ,  a n d  Y a c o n s t a n t  xs. 
Similar ly ,  s ince i t  a p p e a r s  t h a t  n u t r i e n t  s u p p l y  affects  
g r o w t h  b y  in f luenc ing  m i t o t i c  ac t iv i ty ,  use c an  be  m a d e  
of t h e  f ind ing  t h a t  t h e  d e p e n d e n c e  of the  specific g r o w t h  
r a t e  u of b a c t e r i a  on t h e  c o n c e n t r a t i o n  of t he  l imi t ing  
m e t a b o l i t e  in  t h e  cu l t u r e  m e d i u m  is closely descr ibed  b y  
t h e  r e l a t i on  17,18 

S 
u = UM K s +  S (19) 

whe re  UM is t h e  m a x i m a l  specific g r o w t h  r a t e  o b t a i n a b l e  
w i t h  a g iven  subs t ance ,  a n d  K s is a c o n s t a n t ,  Thus ,  
r e l a t i ng  b o t h  t h e  r a t e  of n u t r i e n t  s u p p l y  a n d  t h e  nf i to t ic  
a c t i v i t y  to  a u n i t  sur face  area  of t he  sk in  a n d  reso lv ing  S 
in to  t he  c o m p o n e n t s  Se a n d  Sa, we o b t a i n  for t he  ep idermis  
t he  ana logous  genera l  e q u a t i o n  

m S~ + n Sa 
z = zM K ,  + m S , +  u S a  (20) 

where  m a n d  n i nd i ca t e  h o w  m u c h  Se a n d  Sa m u s t  be  
a l t e r ed  in o rde r  to  a c c o u n t  for a g iven  va lue  of z in a 
g iven  s i tua t ion .  

To  i l l u s t r a t e  t h e  poss ible  usefulness  of th i s  a p p r o a c h ,  
e q u a t i o n  (20) is s impl i f ied  to  

a S  
z = ZM K s +  a S (21) 

whe re  

a S  = m S ~  + u s a  (22) 

T a k i n g  for  t he  n o r m a l  skin,  a = 1, z = 0.037, a n d  
ZM = 0.333, we o b t a i n  K -  8S, wh ich  is a s s u m e d  to 
r e m a i n  c o n s t a n t  in  a b n o r m a l  s i t u a t i o n s  as welt. The  
va lue  zM = 0.333 is ba sed  on  some p r e l i m i n a r y  obse rva -  
t ions  on  t he  i n c r e m e n t  of m i t o t i c  a c t i v i t y  of s t r i pped  
ep ide rmis  c u l t u r e d  in v i t ro  ~3 a n d  m a y  be  in need of 
revis ion.  

App l i ed  to psor ia t ic  skin,  e q u a t i o n  (21) t akes  t he  fo rm:  

0.23 = 0.333 a S / (8 S + a S) 

f rom which  a = 18.37. 
Again ,  for  s t r i pped  skin,  where  z = 0.15 (days) -1 one 

o b t a i n s  f rom e q u a t i o n  (21), a = 6,8. 
Thus ,  t he  n u t r i t i v e  f lux in  psor ias is  is a b o u t  18 t imes,  

a n d  t h a t  of s t r i pped  sk in  a b o u t  7 t imes  g r e a t e r  t h a n  
no rma l .  Obvious ly ,  th i s  conc lus ion  ref lec ts  t h e  d a t a  used  
in t h e  ca lcu la t ions .  F u r t h e r  I r a c t i o n a t i o n  of t he  n u t r i t i v e  
f lux in to  i t s  d i f fus iona l  and  b u l k  f low c o m p o n e n t s  m u s t  
a w a i t  a d d i t i o n a l  i n fo rma t ion ,  especial ly  s ince  b o t h  in 
psor ias is  a n d  fol lowing t he  de s t ruc t i on  of t h e  sk in  ba r r i e r  
to  w a t e r  b y  s t r i p p i n g  ~4, t he  h igh  e v a p o r a t i o n a l  loss of t h e  
ep ide rmis  m a y  reduce  or even  abol ish  t he  d i f fus iona l  
c o m p o n e n t  of t he  n u t r i t i v e  flux. 

P s o r i a s i s  : a barr ier  d i sease?  The  diffusion of m e t a b o l i t e s  
in to  t h e  ep ide rmi s  cons idered  pe r  u n i t  a rea  of skin  sur face  
o u g h t  to  be  p r o p o r t i o n a l  to  t h e  surface  a rea  of t h e  base-  
m e n t  m e m b r a n e .  Thus ,  t e n t a t i v e l y ,  us ing  t h e  d a t a  f rom 
a r e c e n t  s t u d y  ~2 a n d  w i t h  t h e  a id  of e q u a t i o n  (3) t h e  
d i f fus iona l  c o m p o n e n t  of t h e  n u t r i t i v e  t lux  of pso r i a t i c  
skin  shou ld  exceed t h a t  of n o r m a l  skin  b y  a f ac to r  of 

Sa (psoriasis) A j / As (psoriasis) 
= = 2.31 - 4.76 (23) 

S d (normal skin) Aj /A  s (normal skin) 

p rov ided  the  me tabo l i c  g r a d i e n t s  a n d  di f fus ion coefficients  
are t he  s ame  in b o t h  s i tua t ions .  C o m p a r i n g  th i s  resu l t  w i t h  
t he  t o t a l  increase  of t he  n u t r i e n t  f lux ca lcu la ted  ear l ier  
o n  t h e  basis  of cell p r o d u c t i o n  a n d  cons ide r ing  t h a t  t he  
b u l k - f l o w - m e d i a t e d  f lux  m a y  d i m i n i s h  t h e  d i f fus ional  
t r a n s p o r t  b y  a f fec t ing  t he  a c t i v i t y  g rad ien t s ,  one  is led 
to  conc lude  t h a t  in  psor ias i s  a s ign i f i can t  po r t i on  of t h e  
t o t a l  n u t r i t i v e  f lux  is due  to  a h e i g h t e n e d  e v a p o r a t i v e  
loss f rom t h e  surface  of t he  skin,  a n d  t h a t  t h i s  is p r o b a b l y  
due  to  a de fec t ive  sk in  b a r r i e r  to  wate r .  Th i s  conc lus ion  
suggests  t h a t  t he  r a n g e  of fac tors  w h i c h  are  cons ide red  
to  con t ro l  t h e  mi to t i c  a c t i v i t y  oI t he  ep ide rmis  o u g h t  to  
inc lude  e n v i r o n m e n t a l  h u m i d i t y  a n d  wind  veloci ty ,  w h i c h  
b e c o m e  more  i m p o r t a n t  t h e  less eff ic ient  t he  skin  barr ier .  
C o n s e q u e n t l y ,  occlus ive  t r e a t m e n t  of psor ia t ic  a reas  a lone  
m a y  s ign i f i can t ly  reduce  t h e  e x t e n t  of sca l ing  a n d  s imu-  
l a t e  t he  s i t u a t i o n  in n o r m a l  sk in  b y  l imi t ing  t h e  mi to t i c  
a c t i v i t y  to  t he  basa l  cell layer ,  b u t  is un l ike ly  to  reduce  
t h e  e x t e n s i v e  i n t e r d i g i t a t i o n s  a t  t he  d e r m a l - e p i d e r m a l  
i n t e r f ace  a n d  the  d i f fus ionat  f lux across  it. 

These  conclus ions  a re  s t r e n g t h e n e d  b y  t he  f ind ing  t h a t  
psor ia t ic  a reas  are cha rac t e r i zed  b y  h igh  ra t e s  of w a t e r  
loss25; a t t e n t i o n  h a v i n g  b e e n  d r a w n  to  th i s  fac tor  as 
poss ib ly  i nvo lved  in t h e  ae t io logy  of th i s  d isorder  ~e. 
F u r t h e r  s u p p o r t  is de r ived  f rom clinical  observa t ionsSL 
a n d  f rom the  a p p a r e n t  assoc ia t ion  of increased inc idence  
a n d  s e v e r i t y  of psor ias is  w i t h  d r y  as c o m p a r e d  to h u m i d  
geograph ica l  regions  2s. 

However ,  i t  is necessa ry  to p o i n t  o u t  t h a t  t h e r e  a re  no  
d a t a  a v a i l a b l e  w h i c h  would  sugges t  t he  i d e n t i t y  of t h e  
l imi t ing  m e t a b o l i t e  which  is p r e s u m e d  to  con t ro l  t h e  
mi to t i c  a c t i v i t y  of t h e  epidermis ,  no r  even  to  i n d i c a t e  
t h a t  i t  is a single subs tance .  In  add i t ion ,  c o n s i d e r a t i o n  
should  be g iven  to t he  poss ib i l i ty  t h a t  a de fec t ive  sk in  
ba r r i e r  to  w a t e r  m a y  also be  defec t ive  w i t h  r e spec t  to  t h e  

~ E. P. RZAV~N, per.~onal conmmnication, 
2~ A, M, I¢.LIGI~IAN, in The Epidermis (Eds \V. MONTAGNA and 

W, C. LOBITZ, JR.; Academic Press, New York 19641, p. 367. 
2~ Z. FELSUEU arid S. ROTItMAN, J. invest. Derm. 6, 271 (t945). 
z~ A. L. LolzrNcz, Ann. N.Y. Acad. Sci. 73, 1000 (1958}. 
37 E. M. FARBER, personal conmmnication. 
28 I~. N .  I { A N E R J E E ,  111 Proceedings o/the 12th International Congress 

o] Dermatology (l:.ds D. M. PXLLSBURV and C. S. LWrNGWOOO; 
Excerpta Medica Foundation, N.Y. 1962), vol. 2, p. 1249. 
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passage of oxygen and carbon dioxide, the role of which 
may be critical. 

Conclusion. The model of the epidermis sketched in this 
paper, approximate as it  is, exhibits a sufficient degree 
of internal consistency to account for both the mainten- 
ance and repair of the normal epidermis, without  neces- 
sarily negating the modulating influence of cellular 
products of injury. The model is based on the supposition 
that  the behavior of the population of epidermal cells can 
be described in a simple kinetic manner and tha t  its 
growth depends on the amount  of nutrients it receives, 
both by diffusion and bulk transport. The numerical 
examples presented in the paper are based on data  which 
are firmly established only in some cases, consequently 
the interpretation of the results must  be correspondingly 
fluid. In  spite of this, the general conclusions may be 
valid and the model may furnish a clue to the psorigenic 
process, which i t  is felt, illustrates par  excellence the con- 
sequences of a chronic impairment  of the capacity to 
rapidly form an adequate skin barrier to water 29,3°. 

Rdsumd. Un modSle cin6tique simple a 6t6 d6velopp6 
pour l '6piderme; les lois cin6tiques de premier ordre 
peuvent  h i  6tre appliqu6es fructueusement. I1 est en- 
visag6 que la r6gulation hom6ostatique de l '6piderme peut  
se faire par l 'a justement  des quantit6s de nourriture qui 
lui parviennent. Le flux nutri t if  at teignant  l '6piderme est 
compos6 du flux de diffusion, qui pr6domine normalement, 
et du flux actionn6 par l '6vaporation, ~ la surface de la 
pean, de t 'eau provenant  de l 'ul tra-fi l trat  du s6rum. Ce 

dernier pourrai t  pr6dominer quand l '6piderme aurait  6t6 
Ms~, et serait augment6 quand la peau ne constituera~t 
pas une barriSre suffisante au passage de l 'eau. 

Par analogie avec les cultures de microbes en ~steady 
state~, il est envisag6 que le hombre total  de cellules 
6pidermiques par unit6 de surface cutan6e et leur taux de 
eroissance sont des fonctions du taux  du transfert  de 
nourriture ~ l'6piderme. L'6quation hyperbolique de 
I~ONOD est donc modifi6e et appliqu6e ~ l'6piderme. Une 
6valuation approximative de cette 6quation suggSre que 
le flux nutri t if  vers l '6piderme est augment6 en cas de 
psoriasis aussi bien que dans la peau normale lorsqu'elle 
est d6pouill6e du s t ra tum corneum. On consid~re que dans 
le psoriasis ie d6rangement cin6tique de l '6piderme et le 
d6rangement fonctionnel de la barli~re de la peau au 
passage de l 'eau sont int imement  li6s. 
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T h e  I d e n t i f i c a t i o n  of  Chlorpromazine Metabolites in Human Blood by Gas Liquid Chromatography 

Chlorpromazine (CP) has been used since 1952 in the 
t rea tment  of mental  illness 1. I t  has been estimated tha t  
more than 50 million people have taken the drug. Al- 
though several metabolites have been identified in urine, 
practically nothing is known about the metabolites in 
blood. 

Previous a t tempts  have been made to estimate chlor- 
promazine and its metabolites both as conjugates and 
non-conjugates. The spectrophotometric method used in 
these studies must be regarded as unsatisfactory due to 
its lack of specificity and sensitivity, and especially due 
to its inability to determine single metabolites ~. 

In this communication we describe the use of gas liquid 
chromatography (GLC) for the analysis of chlorpromazine 
and its metabolites in human plasma and red blood cells. 

Experimental. Reference compounds and reagents: 
chlorpromazine, desmethylchlorpromazine (DMCP), di- 
desmethylchlorpromazine (DDMCP), and 3-(2-chloro-10- 
phenothiazinyl)propionic acid (Cp-prop), were kindly 
supplied either by Leo Pharmaceutical Company, or the 
NIMH. fi-glucuronidase (containing sulfatase), Sigma. 
Trifluoroacetie anhydride (TFAA), Fluka. Pentafluoro- 
propionic anhydride and Heptafluorobuturic anhydride, 
K & K Laboratories, Inc. Chloroacetic anhydride and 
Dichloroaeetic anhydride, Eas tman Organic Chemicals. 
Dichloromethane, Dimethylformamide,  and Toluene 
Allied Chemical. Heptane, Hopkin & Williams Ltd. Iso- 
amylatcohol, E. Merck AG. 

All analyses were carried out on an Aerograph 204 gas 
chromatograph, equipped with electron capture detectors 
operated at 90 V. The whole system was in glass. Nitrogen 
was used as carrier gas. Inlet  pressure was kept at  5.5 

kg/cm 2 and flow rate at about 30 ml/min. The length of 
the 1/s inch coiled glass columns was about 1.5 m. 

Gas Chrom P, Chromosorb G (both acid washed and 
treated with 5% dimethyldichlorosilane) or Gas Chrom 
Q were used as supports. 

Gas Chrom 1 ~ and Q were used in combination with 3% 
Versamid 900 or Versilube F-50 and Chromosorb G with 
the same liquid phases in the concentrations 0.75-1.5%. 

Extraction methods. Blood samples (15-30 1111) were 
taken from patients who received 100-250 mg CP/day. 
After centrifugation, the plasma sample was extracted 
twice at  pH 12 with an equal volume of dichloromethane. 
This extract  contains the basic non-conjugated metabo- 
lites. The same plasma was then adjusted to pH  3.8 and 
incubated overnight at  37°C and with gentle shaking 
with fl-glucuronidase containing sulfatase. The pH of the 
plasma was then adjusted to 12 and it was again extracted 
twice with dichloromethane. This extract  contains the 
hydrolyzed conjugates with basic character. 

The pH of the plasma was then adjusted to 1.5 and i 
was extracted twice with an equal volume of dichloro- 
methane. This extract  contains the acidic metabolites 
(non-conjugates and/or hydrolyzed conjugates). No acid 
extract ion was a t tempted before the incubation, because 
proteins of the plasma become p a r t y  precipitated at  such 
low pH-values. 

1 j. DELAY, P. DENIKER and J. M. HARI, Annls m~d.-psychol. 2, 
Z12 (1952). 

2 C. L. HtrAN~ and B. H. RUSKIN, J. herr. ment. Dis. 139, 381 
(1964). 


