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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). 
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I n  some case~ t h e  e r y t h r o c y t e s  were  also inves t iga t ed .  
T h e y  were  w a s h e d  twice  w i t h  a b o u t  100 ml  of 0 .9% 
s o d i u m  chlor ide  a n d  h e m o l y s e d  w i t h  w a t e r  of the  s a m e  
v o l u m e  as t h e  p l a sma .  T h e  p H  was  t h e n  a d j u s t e d  to  12 
a n d  t h e  r ed  b lood  cells e x t r a c t e d  twice  w i t h  d ich loro-  
m e t h a n e .  I n c u b a t i o n  w i t h  f l -g lucuronidase  a t  p H  3.8 was  
fol lowed b y  b o t h  a bas ic  a n d  acid ex t r ac t i on .  F o r  chlor-  
p r o m a z i n e  i tself  we h a v e  also used  a p r ev ious ly  desc r ibed  
e x t r a c t i o n  p r o c e d u r e  3, w h i c h  s t a r t s  w i t h  a n  e x t r a c t i o n  
i n to  h e p t a n e  c o n t a i n i n g  1.5% isoamyla lcohol .  Th i s  is 
fol lowed b y  w a s h i n g  w i t h  a c e t a t e  buf fe r  a t  p H  5.6 a n d  
e x t r a c t i o n  i n to  0.1 N HC1. T h e  acid w a t e r  p h a s e  is m a d e  
a lka l ine  a n d  e x t r a c t e d  w i t h  t o luene  c o n t a i n i n g  15% iso- 
amyla lcoho l .  

Derivative formation. Tr i f luoroace t ic  a n h y d r i d e  was  
used  exc lus ive ly  for  m a k i n g  de r i va t i ve s  of t h e  basic  ex- 
t r a c t s  w i t h  d i c h l o r o m e t h a n e  as s o l ven t  a n d  d i m e t h y l -  
f o r m a m i d e  (3%) as ca t a lys t .  All  s amples  were  lef t  over-  
n i g h t  a t  r o o m  t e m p e r a t u r e  a n d  t h e n  e v a p o r a t e d  to  d ry -  
ness  u n d e r  a s t r e a m  of n i t rogen .  T h e  e x t r a c t  was  redis-  
so lved  in 10-20/z l  of m e t h a n o l .  Me thy l - e s t e r s  of t h e  acidic 
c o m p o u n d s  were  p r e p a r e d  w i t h  d i a z o m e t h a n e  in e t h e r  
w i t h  m e t h a n o l  as a ca ta lys t .  

O t h e r  de r iva t ives ,  w h i c h  will  be  t r e a t e d  in  t h e  discus- 
sion, were  p r e p a r e d  us ing  t h e  s a m e  s o l ven t  a n d  c a t a l y s t  
as was  used  for t h e  t r i f l uo roace tamides .  

Results. N o n - c o n j u g a t e d  m e t a b o l i t e s :  gas c h r o m a t o -  
g raph ic  ana lys i s  of a T F A A - t r e a t e d  d i c h l o r o m e t h a n e  ex- 
t r a c t  of p l a s m a  showed  peaks  w i t h  t h e  s a m e  r e t e n t i o n  
t imes  as those  of s y n t h e t i c  N - t r i f l u o r o a c e t y l - N - d e s m e t h y l -  
c h l o r p r o m a z i n e  (DMCP- T FA ) ,  a n d  N - t r i f l u o r o a c e t y l - N -  
d i d e s m e t h y l c h l o r p r o m a z i n e  ( D D M C P - T F A ) .  T he  h e p t a n e -  
t o luene  e x t r a c t  of p l a s m a  gave  a p e a k  w i t h  t h e  s a m e  
r e t e n t i o n  t i m e  as c h l o r p r o m a z i n e  (F igure  1). E x t r a c t s  of 
severa l  p l a s m a  samples  f rom con t ro l  ind iv idua ls ,  w h o  were  
n o t  on  d r u g  t h e r a p y ,  d id  n o t  show a n y  peaks  w i t h  r e t e n -  
t i on  t i m e s  iden t i ca l  to  t h e  ones  above .  

C o n j u g a t e d  or  b o u n d  m e t a b o l i t e s :  t h e  e x t r a c t  of h y d r o -  
lyzed  p l a s m a  was also t r e a t e d  w i t h  T F A A  a n d  a n a l y s e d  
b y  GLC (Figure  2). G r e a t e r  a m o u n t s  of t h e  d e s m e t h y l a t e d  
c o m p o u n d s  were  f o u n d  in t h i s  f r ac t i on  t h a n  in  t h e  non -  
c o n j u g a t e d  f rac t ion .  Some  of t h e  acid e x t r a c t s  a f t e r  t r e a t -  
m e n t  w i t h  d i a z o m e t h a n e  showed  a p e a k  w i t h  t h e  s ame  
r e t e n t i o n  t i m e  as t h a t  of s y n t h e t i c  me thy l -3 - (2 -ch lo ro -  
1 0 - p h e n o t h i a z i n y l ) p r o p i o n a t e  (Cp-prop-Me-es ter) .  T h e  
r e t e n t i o n  t i m e  of t he  es te r  r e l a t ive  to  c h l o r p r o m a z i n e  is 
1.6. No n o r m a l  p l a s m a  e x t r a c t  showed  a n y  p e a k  w i t h  t he  
s a m e  r e t e n t i o n  t i m e  as t h e  a b o v e - m e n t i o n e d .  

R e d  b lood  cells:  t h e  e r y t h r o c y t e s  f rom some  of t h e  
b lood  s amp le s  were  also inves t iga t ed .  No n o n - c o n j u g a t e d  
m e t a b o l i t e s  were  found .  Af te r  hyd ro lys i s  w i t h  fl-glu- 
c u r o n i d a s e  2 p e a k s  w i t h  t he  s ame  r e t e n t i o n  t i m e s  as 
D M C P - T F A  a n d  D D M C P - T F A  were found .  

Discussion. Prev ious  i nves t i ga t i ons  of c h l o r p r o m a z i n e  
in  b o d y  f luid us ing  GLC h a v e  been  l imi ted  to  use of t h e  
f l ame  ion i za t i on  d e t e c t o r  (FID)  4,a, or t h e  microcoulor i -  
m e t r i c  detectorS,L T h e  f o r m e r  is a good a l l r ound  d e t e c t o r  
for  biological  e x t r a c t s  8. T h e  mic rocou lo r ime t r i c  d e t e c t o r  

3 N. P. SALZMAN and B. B. BRODIE, J. Pharmac. exp. Ther. 46, 108 
(1956). 

* J. L. DRISCOLL, H. F. MARTIN and B. J. GUDZINOW'ICZ, J. Gas 
Chromatography 2, 109 (1964). 

5 R. M. Rose, A. DIMAscIo and G. L. KLERMAN, J, psychiat. Res. 2, 
299 (1964). 
D. E. JOHNSON, C. F. RODRIGUEZ and H. P. BURCnFIELD, Biochem. 
Pharmac. 14, 1456 (1965). 

v C. F. RODmOUEZ and D. ~E. Jon~so~, Life Sci. 5, 1283 (1966). 
s Biochemical Application o] Gas Chromatography (Ed. H. A. 

SZYMANSXI, Plenum Press, N.Y. 1964). 
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Fig. 1. Gas chromatogram of a 
heptane-toluene extract from plasma 
drawn 1 h after administration of 
100 mg chlorpromazine. GLC-eon- 
ditions: 3% Versamid 900 on Gas 
Chrom P (100-120 mesh). Injector 
temp. 230 °C. Column temp. 220 °C. 
Detector temp. 225 °C. 

CP DrlCP-TFA DDI'ICP-TFA 

Fig. 2. Gas chromatographic separation of chlorpromazine 
metabolites in human plasma. GLC-conditions: Same as in 
Figure 1. Upper panel: Gas chromatogram of a basic TFAA- 
treated extract of hydrolysed plasma from a patient recei- 
ving 150 mg ehlorpromazine per day. Lower panel: Reference 
compounds: Chlorpromazine (CP), N-Trifluoracetyl-N-des- 
methylchlorpromazine (DMCP-TFA) and N-Trifluoracetyl- 
N-didesmethylehlorpromazine (DDMCP-TFA) chromato- 
graphed under identical conditions. 0 10 20 30 40 50 60 70min 
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es t imates  q u a n t i t a t i v e l y  one e lement  of an  organic  com- 
pound  e.g. chlorine. The  F I D ,  under  our  condit ions,  is 
sensi t ive in the  range of 10-*-10 -s g. The  m a x i m a l  
prac t ica l  sensi t iv i ty  of the  microcoulor imeter  for chlorpro-  
mazine  metabol i tes  is abou t  10 -7 g of each compound  6. 

The  electron cap ture  de tec to r  (ECD) has been success- 
ful ly used for the  de t e rmina t ion  of insecticides con ta in ing  
organical ly  bound  chlorine 9. I t  would  thus  be reasonable  
to  assume t h a t  i t  could be  of use also for t he  analysis in 
the  body  of ch lorpromazine  and its metabol i tes .  I t  has  
a l ready been demons t r a t ed  t h a t  ch lorpromazine  can be 
de tec ted  in ng quant i t ies  by  the  ECD ~. 

U n d e r  our  exper imenta l  condi t ions  CP could be de tec ted  
in quant i t i es  of 10 -~ g and the  desmethy la ted  metabol i tes  
as T FA-de r iva t i ve s  in the  range of 10 - ~  g. The  ECD is 
more specific and more  sensi t ive t h a n  the  F I D .  I t s  dis- 
advan tages  are :  a m a x i m u m  t e m p e r a t u r e  of 225 °C, r isk  
of con tamina t ion  of t he  detectors ,  and  the  fact  t h a t  on ly  
a small  pa r t  of the  response curve  is linear. I n  cont ras t  to  
o ther  repor ts  x°, we could no t  subs tan t ia te  t h a t  changing 
of t he  ECD-vo l t age  had any effect upon the  sensi t ivi ty .  

The  successful GLC de te rmina t ion  of CP and its metabo-  
lites is p r imar i ly  dependen t  upon 3 factors,  the  ex t rac t ion  
procedure,  t he  choice of sui table  der ivat ives ,  and  the  
choice of gas ch romatograph ic  condi t ions  inc luding sup- 
port ,  l iquid phase,  t e m p e r a t u r e  etc. 

D ich lo romethane  has  been used wi th  a d v a n t a g e  for the  
ex t rac t ion  of ch lorpromazine  and its metabol i tes  f rom 
ur ine  6. We  have  also found it  to be a sui table ex t rac t ion  
med ium for CP and its non-polar  metabol i tes  in plasma.  
Dichloromethane ,  however ,  is no t  a ve ry  d iscr imina t ing  
so lvent  and the  gas ch roma tog rams  invar iab ly  have  large 
fronts,  disguising CP which  has a re la t ive ly  shor t  re ten-  
t ion  t i m e  (Figure 2). 

The  previous ly  ment ioned  ex t rac t ion  procedure  wi th  
hep tane- to luene  3 used d i rec t ly  wi th  the  p lasma or wi th  
the  d ich loromethane  ex t rac t  allows detec t ion  of CP as 
well  as its non-polar  metabol i tes .  If  one is p r imar i ly  
in teres ted in the  desmetby la ted  metabol i tes ,  the dichloro- 
m e t h a n e  ex t r ac t ion  procedure  is preferable  because i t  is 
less t ime-consuming.  The  metabol i tes  are  comple te ly  re- 
solved under  t he  GLC-condi t ions  used. V~'hen the  metabo-  
l i tes af ter  incuba t ion  are  analysed CP has a l ready  been 
r em o v ed  by  the  first  ex t rac t ion  procedure  for the  non- 
con juga ted  compounds.  CP itself is the  only compound  in 
the  series possible to  de te rmine  gas ch romatograph ica l ly  
w i thou t  de r iva t ive  format ion  under  the  condi t ions  de- 
scribed above.  

Previous  gas ch romatograph ic  s tudies have  used the  
acety l  de r iva t ives  of the  desme thy la t ed  compounds  4-~. 
F o r  m a n y  reasons,  however ,  the  t r i f luoroacetyl  der iva-  
t ives  seem to be more  suitable.  Tr i f luoroacet ic  anhydr ide  
is more  reac t ive  t h a n  acetic anhydr ide .  In  addi t ion  the  
t r i f luoroacetamides  have  shorter  re ten t ion  t imes  t h a n  the  
corresponding ace tamides  and also show less t endency  to 
tail.  Tr i f luoroace ty la t ion  increases the  sens i t iv i ty  of the  
E C D  to the  CP-der iva t ives  abou t  100 times.  I n t roduc t ion  
of t he  T F A - g r o u p  affects t he  e lectron dens i ty  of the  
molecule  so t h a t  i t  has  a greater  capac i ty  for cap tur ing  
electrons.  The  T F A - g r o u p  itself is said to  h a v e  v e r y  l i t t le  
effect upon  the  electron cap tur ing  ac t iv i ty .  The  use of 
pen ta f luoroprop ionyl  der iva t ives  does no t  increase the  
sensi t ivi ty.  W i t h  hep ta f luo robn tu ry l  der iva t ives  the  sen- 
s i t iv i ty  is increased abou t  5-10 t imes as compared  to the  
the  TFA-der iva t ives .  However ,  wi th  these der iva t ives  
there  is grea ter  d i f f icul ty  in evapora t ion  and concentra-  
t ion  of the  solutions.  

Mono- and  dichloroacet ic  anhydr ide  h a v e  also been 
tes ted  as acyla t ing  agents  b u t  are  less sa t i s fac tory  b e -  
cause of prolonged re ten t ion  t imes.  The  monochloroace ty l  

der iva t ives  g a v e  no increase in sens i t iv i ty  as compared  to  
the  TFA-der iva t ives ,  while  t i le d ichloroacetyl  der iva t ives  
gave  a r emarkab le  increase in t he  sensi t ivi ty.  

So-called polar  s t a t ionary  phases were found sui table  
for gas chromatograph ic  separat ion of these chloropheno-  
thiazines.  Versamid  900 was found to be  the  best  overal l  
phase, in spi te  of the  fac t  t h a t  some metabol i tes  have  a 
long re ten t ion  t ime. 

Chlorpromazine  could be demons t r a t ed  in ng quant i t i es  
in p lasma t aken  f rom pa t ien ts  1 h af ter  the  admin is t ra t ion  
of 50 mg  of the  drug. The  pa ren t  compound  and the  
desmethy la ted  non-conjugates  seem to disappear  f rom 
the  blood wi th in  a few hours. By  cont ras t  the  botind 
desmethy la ted  products  could be demons t ra t ed  in t he  
p lasma a t  least  6 h af ter  admin i s t r a t ion  of CP. The  ra t io  
be tween  tile 2 desme thy la t ed  compounds  was dif ferent  
f rom one pa t i en t  to  another .  Certain amoun t s  of t he  
bound  desme thy la t ed  products  were  also found in the  red 
blood cells. Chlorophenothiaz inyl -propionic  acid could be 
identif ied in the  p lasma of some pa t ien ts  bu t  was com- 
ple te ly  absent  in others.  The  na tu re  of the  bound  metabo-  
lites is unknown  at  the  moment ,  b u t  work  is in progress 
to de te rmine  if t hey  are  N-glucuronides ,  salts of glucuronic 
acid, or  merely  bound  to  protein .  

The  demons t r a t ion  of the  var ious  metabol i tes  raises the  
i m p o r t a n t  ques t ion  whe the r  ch lorpromazine  acts by  i tself  
or  th rough  one or  several  of its metabol i tes .  The  paral lel  
wi th  imipramine  and its ac t ive  metabo l i t e  desmethyl imi-  
p ramine  is obvious n. A t t e m p t s  to correlate  the  excre t ion  
pa t t e rn  of metabol i tes  of ch lorpromazine  wi th  the  clinical 
response to the  drug t he r apy  have  been made  by  GREE~ 
et  al. ~. They  repor t  less of the  conjugates  in urine of 
people who respond poor ly  to the  drug.  P l a sma  levels are 
general ly  considered to  be more  rel iable as a base l ine for 
t he  es t imat ion  of therapeut ic  effects and side effects of 
drugs than  the  occurrence of metabol i tes  in urine. The  
ana ly t i cy l  me thod  presented above  will faci l i ta te  clinical 
pharmacologica l  studies wi th  CP and re la ted compounds  x3. 

Zusammen[ass~ng. Chlorpromazin  und 5 seiner Meta-  
bol i ten  wurden  gaschromatographisch  in menschl ichem 
P lasma  identif iziert .  Zwei dieser Metabol i ten  wurden  auch 
in E r y t h r o z y t e n  aufgefunden.  Die  B lu tp roben  wurden  
yon Pa t i en ten  genommen,  welche tg~glich 100-250 mg  
Chlorpromazin  erhielten.  Chlorprolnazin und die n ich t  
konjugie r ten  Metabol i te  scheinen yore  P l a sma  innerhalb  
weniger  S tunden  nach  Verabre ichung einer Dosis Chlor- 
p romazin  zu verschwinden.  Die gebundenen Metabol i te  
konnten  jedoch  zu j eder  Zeit  nachgewiesen werden.  Das  
metabol ische  Bitd kann  yon  e inem Pa t i en t en  zum anderen 
wechseln. 
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