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cy te  ca ta lase  f rom e i the r  source can  be  not iced.  N o r m a l  
ca taIase  r e t a ined  as m u c h  as 50% of i ts  origins1 a c t i v i t y  
a f te r  p r e i n c u b a t i o n  a t  64~ whereas  - u n d e r  iden t i ca l  
condi t ions  - comple te  i n a c t i v a t i o n  h a d  occurred  in t he  
aca ta l a semic  l eukocy te  p repa ra t i on .  I n  th i s  ins tance ,  t he  
50% ac t iv i ty  level was r eached  a f te r  i n c u b a t i o n  a t  51~ 
al ready.  I m m u n o l o g i c a l  an t igen ic  p roper t i e s  of n o r m a l  
l eukocy te  ca ta lase  h a v e  been  c o m p a r e d  w i t h  those  of 
e r y t h r o c y t e  ca ta lase  in  t h e  doub le  i m m u n o d i f f u s i o n  t e s t  
(Figure 2). A s t rong  p rec ip i t in  l ine  showing  comple te  
i d e n t i t y  is fo rmed  be tween  t he  wells c o n t a i n i n g  t he  
p r e p a r a t i o n s  of n o r m a l  leukocytes ,  n o r m a l  e r y t h rocy t e s  
and an t i - ca ta l a se  IgG (Figure 2, r i g h t  side). This  l ine 
exh ib i t s  s t rong  pe rox ida t i c  a c t i v i t y  (Figure 2, lef t  side). 
A second, as ye t  un iden t i f i ed  weaker  l ine  exe r t ing  no  
pe rox ida t i c  a c t i v i t y  is p r ec i p i t a t ed  in the  r ange  of the  
l eukocy te  p r e p a r a t i o n  only. E x p e r i m e n t s  of t he  same 
t y p e  pe r fo rmed  w i t h  ana logous  p r e p a r a t i o n s  f rom A.B. 
suggest  t h a t  t he re  is also an t igen ic  i d e n t i t y  b e t w e e n  
n o r m a l  and  aca t a l a semic  l eukocy te  cata lase .  

Discussion. E v i d e n c e  is p r e sen t ed  t h a t  l eukocy tes  of an 
aca ta l a semic  sub jec t  (homozygous  for Swiss T y p e  
Aca ta la semia )  con t a i n  apprec iab le  a m o u n t s  of catalase.  
In  A.B. t he  level  cor responds  to a b o u t  1/v of t h a t  of 
normal ,  which  is d i s t i nc t l y  h igher  t h a n  t h a t  found  in the  
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e r y t h r o c y t e s  of t he  same i n d i v i d u a l  ( 1 - 2 %  of normal) .  
Like t h e  m u t a n t  e n z y m e  in t h e  e r y t h r o c y t e s  z, i ts  an t i -  
genical ly  iden t ica l  c o u n t e r p a r t  in  l eukocytes  also exer ts  
t he  same unusua l l y  low degree of t he rmos t ab f i i t y .  This  
obse rva t i on  is c o m p a t i b l e  w i t h  t he  a s s u m p t i o n  t h a t ,  in 
a n  e n z y m e  deficiency,  two d i f fe ren t  types  of s t ruc tu ra l  
gene m u t a t i o n s  m a y  lead to an a p p a r e n t  loss of e n z y m a t i c  
a c t i v i t y :  1. E n z y m e  v a r i a n t s  of low specific ac t iv i ty ,  2. 
v a r i a n t s  w i t h  a p p r o x i m a t e l y  n o r m a l  specific ac t iv i ty ,  b u t  
o5 low s tab i l i ty .  Even tua l l y ,  b o t h  possibi l i t ies  m a y  lead 
to  the  same t y p e  of disorder .  E x a m p l e s  are t he  d i f ferent  
forms of g lucose -6 -phospha te -dehydrogenase -de f ic iency  
or of a c a t a l a s e m i a  1,10. I n  t he  u n s t a b l e  m u t a n t - t y p e ,  the  
low level of res idua l  a c t i v i t y  in  red b lood celIs m u s t  be 
cons idered  as a poor  i nd i ca to r  for t he  general  s i tua t ion ,  
since in mos t  o the r  ceils and  t issues  d i s t inc t ly  h igher  
levels are found.  In  conclusion,  t he re  is a close ana logy  as 
to  ca ta lase  s t a b i l i t y  and  a c t i v i t y  d i s t r i b u t i o n  p a t t e r n  
be tween  aca ta l a semic  mice and  ind iv idua l s  homozygous  
for th i s  pa r t i cu l a r  t y p e  of a c a t a l a s e m i a  ~1, ~2. 

Zusammenfassung. B e i m  Aka ta l a s i e -Fa l l  A.B. is t  die in  
den  L e u k o z y t e n  v o r h a n d e n e  K a t a l a s e - R e s t a k t i v i t ~ t  we- 
sen t l i ch  h 6 h e r  (13%) als diejenige in den  E r y t h r o z y t e n  
(etwa 1% der  Norm),  wie dies b e i m  Vor l iegen  einer 
i n s t ab i l en  E n z y m v a r i a n t e  zu e r w a r t e n  ist. Die E n z y m e  
be ider  Ze l l typen  s ind an t i gen - iden t i s ch  und  zeigen den-  
selben Grad  yon  Thermolabi l i t~i t .  
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Material analyzed Catalase activity 

Leukocytes Normal 3.09 -E 0.73 {zg/mg Protein 
(3? = 15) 
Aeatalasemie 0.41 (= 13% of normal) 
(N = 2) 

Erythroeytes Normal 2.38 -~ 0.36 ~g/mg Hb 
( N  = 15) 
Aeatalasemic 0.02 (~1% of normal) 
(N = 2) 
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T h e  D e t e c t i o n  of  5 a - A n d r o s t - 1 6 - e n - 3  a - o l  i n  H u m a n  M a l e  A x i l l a r y  S w e a t  

The  16-dehydro  C10 s tero id  5~ -and ros t en -3e -o l  (an- 
dros tenol)  is excre ted  in the  ur ine  of a d u l t  h u m a n  males  in 
s u b s t a n t i a l  q u a n t i t i e s  (of t he  order  of 1 rag/24 h urine) 
and  in lesser a m o u n t s  in adu l t  female  ur ine  1. The  physio-  
logical func t ion ,  if any,  of t he  16-dehydro  C19 s teroids  in 
m a n  is u n k n o w n ,  b u t  and ros t eno l  secre ted in t he  sa l iva  of 
the  boa r  acts  as a releaser  sex p h e r o m o n e  in e l ic i t ing the  
cha rac te r i s t i c  immo b i l i z a t i on  response  of t he  oes t rous  
sow to the  advances  of i ts  ma te~- l .  

There  are, however ,  c i r c u m s t a n t i a l  g rounds  for be l iev ing  
t h a t  p h e r o m o n e s  m a y  p l ay  a p a r t  in  h u m a n  b e h a v i o u r  5, 6. 
Andros teno l ,  wh ich  has  a musk- l ike  odour  de t ec t ab l e  b y  
h u m a n  sub jec t s  a t  e x t r e m e l y  low levels (1-5 ng  on  wa te r  
a t  20 ~ 10 cm f rom the  nose;  BROOKSBAI~I~, unpub l i shed)  
is a l ikely c a n d i d a t e  as a p h e r o m o n e  in man ,  t h o u g h  
var ious  o the r  s te ro ids  can  be  sme l t  a t  m u c h  h igher  con- 
c e n t r a t i o n  7. E x t e r n a l  secret ion,  on to  t he  skin  surface, 
would be  t he  mos t  p r o b a b l e  way  in which  h u m a n  phero-  
mones  are exh ib i ted .  In  view of t h e  ev i den t  capac i ty  of 
ax i l l a ry  g lands  a n d  ha i r s  for p re fe ren t i a l  u p t a k e  and  
release of s teroids  S, 9 and  t he  s imi la r i ty  of ax i l l a ry  
apocr ine  g lands  in m o r p h o l o g y  and  in and rogen-depen-  

deuce  to  apocr ine  g lands  special ized in lower m a m m a l s  
for p h e r o m o n e  secre t ion 1~ we be l ieved  t h a t  ax i l l a ry  
swea t  m i g h t  con ta in  suff ic ient  q u a n t i t i e s  of 16-dehydro  
C19 s teroids  to  be  de t ec t ab l e  b y  gas c h r o m a t o g r a p h y - m a s s  
s p e c t r o m e t r y  (GC/MS). P rev ious  efforts,  us ing  GC alone 
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w i thou t  in te rna l  checks on recovery  (BROOKSBANK and 
CUNNINGHAM, unpubl ished) ,  to  de tec t  these  s teroids  in 
h u m a n  axi l lary sweat  had  been  unsuccessful,  bu t  GOWER 
and LLXWELLVN (see4) had  de tec ted  5~-androst-16-en-3-  
one (androstenone) .  

Axi l lary sweat  was collected on de fa t t ed  co t ton-wool  
pads  worn in the  a rmpi t s  by  12 hea l thy  young  men  over  
a per iod of 5-7 days.  The pads  were exhaus t ive ly  ex t rac ted  
wi th  acetone followed by  methanol ,  in t he  presence of a 
t racer  q u a n t i t y  (2.4 ng) of 4, 16-E7~-SH] andros tad ien-3-  
one (androstadienone)  (4.0 Ci/mmole).  The soluble residue 
f rom the  ex t rac t ions  was pa r t i t i oned  be tween  wa te r  and 
benzene  to furnish an oily ex t rac t  ( ' sebum' la ;  620 rag) 
conta in ing  uncon juga ted  steroids,  and an ex t rac t  ('sul- 
p h a t e d  steroids ' )  conta in ing  steroids excre ted  as su lphate  
conjugates  t h a t  were recovered by  acid solvolysis in 
e thy l  acetate .  The 'free s teroid '  f rac t ion was redJssolved 
in the  m i n i m u m  volume of ho t  methanol ,  and the  mater ia l  
t h a t  p rec ip i ta ted  on refr igera t ion overnight  was r emoved  ; 
th is  cold m e thano l  p rec ip i t a t ion  s tep was repeated.  The 
methanol - so lub le  residue was t aken  up in benzene and 
free f a t t y  acids were r emoved  by  washing  the  benzene 
solut ion wi th  M.NaOH and wi th  water .  The neut ra l  l ipid 
mater ia l  remaining,  and  the  neut ra l  ex t rac t  ob ta ined  
d i rec t ly  f rom solvolysis of the  ' su lpha ted  s teroid '  ext rac t ,  
were t h e n  separa te ly  c h r o m a t o g r a p h e d  on a lumina  
co lumns ,  add i t iona l  t racers  of I7~-aH]androstenone (0.6 
ng) and  of E4-~C]cholesterol being added  at  th is  stage. 
F rac t ions  conta in ing  ~H-androstenone,  aH-andros tadie-  
none (marker  for androstenol)  and  ~C-cho!esterol  (marker  
for 5 e -andros t -  16-en 3 fl-ol (3/~-androstenol) were ob ta ined  
by  e lut ion (cf. ~) wi th  l ight  pe t ro leum-benzene  (9:1) 
followed by  l ight  pe t ro l eum-benzene  (1:1). The column 
fract ions  were sub jec ted  to  th in - l ayer  c h r o m a t o g r a p h y  
(TLC) on silica gel in to luene-e thy l  ace ta te  (19:1 for the  
and ros t enone  f rac t ion ; 9:1 for the  o ther  fractions).  

E x a m i n a t i o n  by GC on 3% QF-1 a t  200 ~ ( 'androste-  
none '  f ract ions  run under iva t ized ,  o ther  f ract ions  af ter  
react ion wi th  ch lo romethy ld imethy l s i ly l  (CMDMS) e ther  
reagent  1~) of the  f ract ions  recovered f rom the  TLC pla tes  
showed t h a t  some andros tenone  migh t  be p resen t  in the  
free s teroid ex t rac t  bu t  t h a t  fu r ther  pur i f ica t ion  of the  
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),{ass spectra of authentic (a) and isolated (b) 5~-androst-16-en-3c~-ol 
trimethylsilyl (TMS) ethers. The base peak in (b) (m/e 57) is formed 
from contaminating material with the same tR as 5~-androst-16- 
en-3ct-ol TMS ether; this explains the lower relative intensities of 
the peaks at m/e 346 (molecular ion, M), 331 (M 15), 256 (M-90) 
and 241 (M (90 + 15)) in the mass spectrum of the isolated steroid 
when compared to that of the authentic compound. 

andros teno l  and 3fi-androstenol  f ract ions  was necessary.  
This was carried out  on a lumina  columns af ter  hydrolys is  
of the  CMDMS ethers  (0.02 3/I HC1 in 25% aqueous  
e thanol  a t  60* for 30 rain), using the  same solvent  sys tems  
for elut ion as before. Analys is  by  GC on 3% QF-1 and 3% 
OV-1 columns a t  195 ~ and wi thou t  fo rma t ion  of der iva-  
t ives,  showed t h a t  andros teno l  migh t  be p resen t  in t he  
appropr i a t e  f ract ions  der ived f rom the  'free s teroid '  
ex t rac t .  The small  r emainder  of the  puri f ied f ract ions  f rom 
the  'free s teroid '  and ' su lphate  conjuga te '  ex t rac t s  of 
sweat  were therefore  subjec ted  to GC/MS, af ter  reac t ion  
wi th  t r imethy l s i ly l  (TMS) e ther  reagent ,  on a 1% SE-30 
column incorpora ted  in an LKB-9000 GC/MS sys tem.  
Mass spectra ,  t aken  at  6 sec intervals ,  were analyzed in an 
IBM 1800 compu te r  15. The presence of andros tenol  in the  
'free s teroid '  ex t rac t  of axi l lary sweat  was shown by  the  
occurrence in the  ' andros teno l '  f rac t ion of a peak  wi th  the  
re la t ive r e t en t ion  t ime  (t~) (with respect  to 5 e-cholestane) 
of 5 ~-androst-16-en-3 ~-ol TMS e ther  (tR = 0.16) wi th  the  
f r agmen ta t i on  p a t t e r n  charac ter i s t ic  of t he  au then t i c  
compound  (Figure). No andros teno l  was de tec ted  in the  
cor responding  f rac t ion f rom the  sweat  ' su lphate  conjugate '  
ex t rac t ,  nor  was any  andros tenone  de tec ted  in e i ther  
ext rac t .  

The q u a n t i t y  of andros teno l  in the  sweat  'free s teroid '  
ex t r ac t  can only be e s t ima ted  very  roughly  f rom the  peak  
heights  in the  final  GC ch ro ma t o g rams  as no a t t e m p t  a t  
q u a n t i t a t i v e  m e a s u r e m e n t  was made.  Allowing for the  
manipu la t ion  losses, assessed f rom the  recovery  of 3H- 
andros tad ienone  - which  was not  separa ted  f rom andro-  
s tenol  except  on GC - ,  there  was abou t  4 Fg of andros teno l  
in the  original  620 mg of s ebum der ived f rom the  axillae of 
12 adul t  men,  t h a t  is f rom an area of app rox ima te ly  
300 cm 2 per  day  for abou t  6 days.  Thus,  andros tenoi ,  and 
p robab ly  also and ros t enone  4, do occur in axi l lary sweat  
f rom adul t  men.  If  t h e y  are s ignif icant  as phe romones  the  
excre t ion  is a lmos t  cer ta in  to va ry  enormous ly  be tween  
and wi th in  individuals  and the  amo u n t s  we have  found 
are large enough to  be cons is ten t  wi th  a phe romona l  
funct ion.  However ,  the  demons t r a t i on  of a phe romona l  
func t ion  of any  s teroid in man  remains  to be made  by  
o ther  methods .  

Rdsumd. La pr6sence du 5e andros t~ne-16-3a-oi  d 'odeur  
musqu4e dans  la f rac t ion c o n t e n a n t  les st4roides libres de 
la sueur des aisselles, recueill ie chez des h o m m e s  sains 
adultes,  a 6t6 6tablie par  ch romatograph ie  en gaz avec 
spec t rom6tr ie  de masse.  La quan t i t6  d ' andros t4no l  t rouv6e 
n ' exc lu t  pus la possibil i t6 d 'une  fonct ion ph4romonale  de 
ce st6roide. 

B . W . L .  BROOKSBANK, R. BROWN and 
J.-A. GVSTAFSSON 16 

Medical Research Council Neuropsychiatry Unit, 
Woodmansterne Road, Cavshalton, Survey (England), and 
Department of Chemistry, Karolinska Instituter, 
Stockholm (Sweden), 77 March 7974. 

18 R. M. B. McKENNA, V. R. WHEATLEY and A. WORMALL, J. 
invest. Derm. 15, 33 (1950). 

i4 B. W. L. BROOKSBANK and D. B. GOWER, Acts endocr., Copenh. 
63, 79 (1970). 

15 R. REIMENDAL and J. SJOVALL, Analyt. Chem. 45, 1083 (1973). 
16 We acknowledge with grateful thanks gifts of [3H~-androstenone 

and [3H]-androstadienone by Dr. D. B. GOWER, Guy's Hospital 
Medical Scho~l, London. This investigation was, in part, financed 
by a grant from the Swedish lVledical Research Council No:13X- 
2819. 


