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T h e  S t i m u l a t i o n  of O o g e n e s i s  in Pieris 
Acid  Ethyl  Es ter  1 

ITO2 af ter  observ ing  secre tory  ac t iv i ty  of the  corpora  
al lata (CA) dur ing oogenesis in the  pupa l  s tage of Bombyx 
mori suggested t h a t  t he  CA m a y  have  an endocr ine  func- 
t ion re la ted  wi th  oogenesis. However ,  a l though  ITO'S 
observa t ions  were conf i rmed by  au thors  working  wi th  
o ther  lep idopterous  species a-5, the  necess i ty  of the  CA for 
oogenesis in Lep idop te ra  could no t  be verif ied exper imen-  
ta l ly  for a long t ime  ~-~0. The reson for th is  failure was t h a t  
only Lep idop te ra  w i th  p remetabo l i c  egg m a t u r a t i o n  11 had  
been used for the  expenmen~ ~ - - t s .  The s i tua t ion  changed,  
however,  when  species wi th  ~postmetabolic oogenesis were 
inves t iga ted  ~-~5. One of t he  species in which  the  neces- 
s i ty  of tile CA for oogenesis was clearly d e m o n s t r a t e d  is 
the  large cabbage  whi te  Pieris brassicae 14,15. 

Meanwhile  it has  been d e m o n s t r a t e d  in several  insect  
orders t h a t  the  gonadot rop ic  effect  of the  CA is p roduced  
by  the  release of juveni le  hormone .  For  Lep idop te ra  th is  
has  no t  been  p roved  so far. The expe r imen t s  repor ted  be- 
low were made  in order  to  ob ta in  in fo rmat ion  on th is  
point .  

F resh ly  eclosed virgin females  of P. brassicae were fed 
wi th  wa te r  only and  decap i t a t ed  on the  same day  or up to  
2 days  later.  They  were t h e n  kep t  in mois t  chambers ,  where  
tile insects  could survive easily for a t  least  10 days.  If the  
decap i t a t ed  females  were not  fu r ther  t rea ted ,  t h e y  rare ly  

Egg maturation in virgin females of P. brassicae decapitated (D) at 
0 to 2 days after eelosion, treated topically with 1 ~xl of an acetone 
solution of farnesenie acid ethyl ester (FAEE) of indicated concen- 
tration at day (d) after eclosion, and sacrificed (S) at indicated day 
after eelosion 

brassicae by the  Juven i l e  H o r m o n e  Der iva t ive  F a r n e s e n i c  

produced  any  m a t u r e  eggs (Table). However ,  if such 
females were t r ea t ed  topical ly  wi th  d i f fe rent  concentra-  
t ions  of ace tone  solutions of farnesenic  acid e thy l  ester  
(FAEE) ,  prac t ica l ly  all of t h e m  m a t u r e d  some eggs 
(Table). Only 3 except ions  were found  ill an expe r imen t  in 
which  the  t r e a t m e n t  was delayed up to t he  7th day  af ter  
eclosion. 

These s imple exper imen t s  prove  t h a t  egg m a t u r a t i o n  in 
P. brassicae can be s t imula ted  by  F A E E  in the  absence of 
the  CA. The resul ts  also suggest  t h a t  h igh concen t ra t ions  
of F A E E  are less favorable  t h a n  lower concen t ra t ions  and 
t h a t  early t r e a t m e n t  is b e t t e r  t h a n  late  t r e a t m e n t ,  
t hough  the  n u m b e r  of individuals  t e s t ed  is too small  to  
d raw def ini t ive  conclusions.  

Since in these  exper imen t s  F A E E  was subs t i tu t ed  for 
the  juveni le  hormone ,  t he  resul ts  canno t  prove,  b u t  t h e y  
s t rongly  suggest,  t h a t  the  CA s t imula te  oogenesis in P .  
brassicae by  releasing juveni le  hormone.  

Zusammenfassung. Das syn the t i sche  Juven i lhormon-  
der iva t  FarnesensXur/ i thyles ter  s t imul ier t  die Ei re i fung 
in decap i t i e r ten  v i rg inen Weibchen  yon  Pieris brassicae. 
Da die Ei re i fung dieser Ar t  normalerweise  durch  akt ive  
Corpora al la ta  s t imul ier t  wird, darf  a n g e n o m m e n  werden,  
dass der  gonado t rope  Ef fek t  der Corpora a l la ta  s u c h  in 
Lep idop te ren  auI der  P r o d u k t i o n  yon  J u v en i l h o rmon  
beruht .  

G. BENz 
Entomologisches Institut, 
Eidgendssische Technische Hochschule, 
CH-8006 Zi~rieh (Switzerland), 2 March 7970. 

FAEE Mature eggs per 
D S Females Females female 

ConceI1- tested producing 
d tration eggs Mean Extremes 

(%) 

0 - 8 8 1 2.2 0- 18 
1 - 5 10 2 4.9 0- 36 
2 5 7 1 5.6 0- 39 
2 - 7 7 0 - - 
2 - 9 3 0 - - 
0 5 5 9 5 5 124.0 64-154 
0 5 5 11 5 5 186.0 78-265 
1 1 5 5 5 5 142.2 88-245 
2 2 10 5 5 5 99.6 57-132 
2 2 100 5 5 5 57.6 24- 75 
2 7 10 10 8 5 23.6 0- 56 

1 Product of Hoffmann-La Roche Ltd., Basle. Thanks are expressed 
for supplying the author wittl a sample of this substance. 
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Label l ing  of S tero ids  in Ax i l l ary  S w e a t  After  A d m i n i s t r a t i o n  of  8 H - A S - P r e ~ n e n o l o n e  and 14C-Proge-  
s t e r o n e  to a H e a l t h y  M a n  

I t  has  been  suggested ~, 2 t h a t  cer ta in  apocrine sweat  
glands m a y  p lay  an i m p o r t a n t  role in the  secret ion of 
subs tances  t h a t  ac t  as pheromones .  Some of these  phe-  
romones  m a y  be s teroids t h a t  are suff ic ient ly  volati le to 
be odorous 3. In  humans ,  apocr ine  glands are par t icu lar ly  
concen t ra t ed  in the  axi l laeL and  dehydroep iandros t e rone  
(DHA) and  andros te rone  su lphates  have  been  found  in 
considerable  am oun t s  ill a rmp i t  sweatS: 17-.oxosteroids 
and o ther  s teroids are however  also secre ted  f rom o ther  

pa r t s  of the  body  surface where  apocrine glands are 
re la t ive ly  sparse a-s. The actual  ra te  of secret ion of 
s teroids  by  apocrine glands in isolat ion is of course un-  
known,  bu t  i t  is known  t h a t  t he  g rowth  and func t ion  of 
apocr ine  glands are under  the  influence of sex hormones  4, 
as are t he  sebaceous glands 9 

Whi le  s tudy ing  the  in vivo origin of the  odorous 
A~6-C19 steroids in h u m a n  urine ~~ the  o p p o r t u n i t y  was 
t a k e n  to collect sweat ,  no t  only f rom the  general  body  
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surface  b u t  s epa ra t e ly  f rom t he  a rmpi t s ,  of a h e a l t h y  
m a n  (aged 3 3 y r )  who h a d  been  g i v e n  [7ct-3H]-A 5- 
p regneno lone  (8.4 ~c) a n d  [4-14C]-progesterone (9.1 ~zc)i.v. 
The  p r o p o r t i o n  of t he  in jec ted  r a d i o a c t i v i t y  t h a t  was  
col lected in t he  swea t  was e x t r e m e l y  small ,  con f i rming  
t h e  ear l ier  obse rva t i ons  of DAVIS a n d  PLOTZ 1~, b u t  con-  
s ider ing  t he  r e l a t ive ly  m i n u t e  area  of sk in  involved ,  t he  
a m o u n t  of in j ec ted  label  found  in t h e  ax i l l a ry  secre t ions  
was eno rmous  (0.033% of x4C, 0 .112% of all) c o m p a r e d  
w i t h  t h a t  in  t h e  genera l  b o d y  swea t  (0.026% of ~4C, 
0 .110% of aH). I t  was ev i den t  t h a t  s te ro id  secre t ion  is 
a p a r t i c u l a r  p r o p e r t y  of ax i l l a ry  apocr ine  glands,  and  i t  
seemed of in t e res t  to  t r y  to  i den t i fy  m e t a b o l i t e s  t h a t  
were labelled.  

Fo r  36 h a f t e r  t h e  in jec t ion  t he  sub jec t  wore pads  of 
co t ton-wool  in  t he  a r m p i t s  to  collect  ax i l l a ry  swea t  (A). 
Sweat  l ipids  (B) f rom t he  g rea te r  p a r t  of t he  res t  of t he  
body,  excep t  the  h e a d  a n d  feet, a c c u m u l a t e d  over  36 h, 
were col lected on  t he  unde rc lo thes  and  b y  wip ing  arms,  
legs and  neck  w i t h  co t ton-wool  soaked w i t h  ace tone .  
Nasa l  m u c u s  a n d  c e r u m e n  were also col lected b u t  were 
found  no t  to  be  s ign i f ican t ly  rad ioac t ive .  The  co t ton -  
wool a n d  t he  unde r c l o t he s  were e x t r a c t e d  w i t h  benzene ,  
and  s u b s e q u e n t l y  w i t h  95% and  t h e n  70% aqueous  
e thanol .  Benzene  e x t r a c t e d  s ign i f ican t  r a d i o a c t i v i t y  on ly  
f rom the  b o d y  (B) ma te r i a l .  T he  aqueous  e t hano l  ex t r ac t s  
were sub jec t ed  to t h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) on  
silica gel in  e t h y l  a ce t a t e - e t hano l - 15N  aqueous  a m m o n i a  
(5: 5 :1  b y  vol) 12. Most  of t he  a r m p i t  swea t  (A) radio-  
a c t i v i t y  h a d  t he  m o b i l i t y  of s tero id  su lpha te s  whi le  t he  
g rea te r  p a r t  of t h e  r a d i o a c t i v i t y  f rom t h e  genera l  b o d y  
swea t  (B) seemed to be  free steroid.  

S tero id  con juga t e s  were spl i t  b y  f l -glucuronosidase 
hydro lys i s  and  acid solvolysis.  T he  t o t a l  free s teroids  
l i be ra t ed  t h e r e b y  and  t he  or ig ina l  benzene  e x t r a c t  of t3 
were t h e n  f r a c t i o n a t e d  on  co lumns  of a lumina .  The  
p r o p o r t i o n  of t he  c h r o m a t o g r a p h e d  r a d i o a c t i v i t y  in  t he  
f r ac t ion  (benzene- l igh t  p e t r o l e u m  (1 : 1 v/v))  wh ich  would  
h a v e  c o n t a i n e d  a n y  Ax6-C190 s tero ids  18 (0.8% and  1.3% 
of t he  aH in A a n d  B respect ively ,  a n d  1.3% a n d  5.8% 
of t he  14C in A a n d  ]3 respect ive ly)  was v e r y  smal l  and  
was n o t  e x a m i n e d  fu r ther .  Steroids  of i n t e r m e d i a t e  
p o l a r i t y  were e lu ted  w i t h  0.5% a n d  t h e n  5% e t hano l  in  
benzene .  The  s ign i f ican t  p r o p o r t i o n  of po la r  m a t e r i a l  
(15-30% of t he  8H and  14C appl ied  to t h e  columns)  was 
n o t  recovered.  The  b e n z e n e - e t h a n o l  e lua tes  were f u r t h e r  
pa r t i a l l y  pur i f ied  b y  TLC on silica gel in  t o luene -e thy l  
a ce t a t e  (6 :4  v /v)  and  t h e n  s u p p l e m e n t e d  w i t h  car r ie r  
q u a n t i t i e s  (50 ~zg) of s te ro ids  cons idered  l ikely to  be  
p resen t  9, sub jec t ed  to  ch lo romethy l -d imethy l s i ly l  (CMDMS) 
e the r  f o r m a t i o n  x4, a n d  c h r o m a t o g r a p h e d  on  silica gel 
t h in - l aye r s  in  t o l u e n e - e t h y l  ace t a t e  (8 : 1 v /v) .  

The  3 sub t rac t ions ,  wh ich  t o g e t h e r  c o n t a i n e d  a b o u t  
60 % of t he  t o t a l  r a d i o a c t i v i t y  of t h i s  l as t  TLC separa t ion ,  
were t h e n  re - reac ted  w i t h  CMDMS r eagen t  and  sub jec ted  
to  gas- l iquid  c h r o m a t o g r a p h y  (GLC) w i t h  gas f r ac t ion  
col lec t ion  (GFC)10 As a resu l t  of th i s  f ina l  pu r i f i ca t ion  
p rocedure  b y  GFC severa l  car r ie r  s te ro ids  were found  to  
be labelled,  all w i t h  b o t h  ~H a n d  14C (Table).  T he  rad io-  
a c t i v i t y  assoc ia ted  w i t h  andros tened ione ,  D H A  a n d  
p regneno lone  a c c o u n t e d  for 4 5 - 6 5 %  of t h a t  of t he  t h r e e  
TLC s u b t r a c t i o n s  refer red  to above.  I n  a d d i t i o n  to  t he  
r a d i o a c t i v i t y  assoc ia ted  w i t h  t h e  car r ier  subs t ances  l i s ted  
in t he  Table ,  a cons iderab le  a m o u n t  of b o t h  isotopes  was 
found  in un iden t i f i ed  f ract ions .  T he  r a d i o a c t i v i t y  in  t he  
peaks  due  to  5 ~ a n d  5 f l -andros te rone  CMDMS e the r s  was  
negl igible  in b o t h  A and  13: t he  TLC d i s t r i b u t i o n  showed 
t h a t  t e s to s t e rone  also was no t  labelled.  

Consider ing  t h a t  t i le  area  of skin  surface f rom wh ich  
e x t r a c t  13 was der ived  was v a s t l y  g rea t e r  t h a n  t he  few 

square  cen t ime t r e s  of the  a r m p i t s  fu rn i sh ing  e x t r a c t  A, 
i t  is obv ious  t h a t  DHA,  p regneno lone  and  o t h e r  label led  
s te ro ids  are secre ted pre/erent ial ly  in  t h e  axi l lae  and  
the re fo re  p r o b a b l y  b y  apocr ine  glands.  Most  of t h e  
ax i l l a ry  r a d i o a c t i v i t y  appea red  to  be  in t he  fo rm of 
su lpha tes ,  b u t  t he  fac t  t h a t  t h e  r a d i o a c t i v i t y  of the  
genera l  b o d y  swea t  was  m a i n l y  in t he  fo rm of free s teroids  
m a y  ind ica te  no nlore  t h a n  t h a t  secre ted con juga t e s  h a d  
been  spl i t  b y  mic rob ia l  enzymes  on  t he  sk in  surface.  

The  p r o p o r t i o n  of 3H in p regneno lone  to  t h a t  in  D H A  
was s u b s t a n t i a l l y  h ighe r  t h a n  obse rved  b y  O:ERTEL e t  al. 8 
in swea t  f rom a r m s  and  legs, a f te r  i n j ec t ion  of p regneno-  
lone as t he  su lpha te .  The  occurrence  of ~}C in AS-3fi- 

Steroids labelled in sweat following injection of [7ce-aH]-pregnenolone 
and i4-14C]-progesterone, after addition of carriers and purification 
by TLC and GLC 

Armpit sweat (A) General body sweat (B) R.R.T.c~ 

Aa-Androstene-3,17-dione 
(0.43) 

Dehydroepiandrosterone 
CMDMS ether (2.16) 

A 5-Pregnen-3fi-ol-20-one 
CMDMS ether (12.4) 

5/~-Pregnane-3ct, 20~-diol 
di-CMDMS ether 

A ~-Pregnene-3/~, 20ct-diol 
di-CMDMS ether 

AS-Androstene-3/~, 17fl-diol 
di-CMDMS ether 

A~-Androstene-3,17-dione 2.43 
(0.54) 

Dehydroepiandrosterorle 2.28 
CMDMS ether (8.82) 

AS-Pregnen-3fl-ol-20-one 3.07 
CMDMS ether (140) 

5fl-Pregnane-3e~, 20~-diol 5.72 
di-CMDMS ether 

AS-Pregnene-3fl, 20c~-diol 7.33 
di-CMDMS ether 

3.87 

Statistically significant 3H]14C ratios in parentheses. ~ Relative 
retention time with reference to 5ct-cholestane, on 0.6% CDMS/ 
0.75% JXR column, at 240 ~ 
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h y d r o x y s t e r o i d s  aga in  d e m o n s t r a t e s  t he  r eve r s ib i l i ty  of 
t he  AS-3f l -hydroxysteroid  dehydrogenase - i somerase  en- 
zyme  systeml~,  1~. The  absence  of s ign i f ican t  labe l  in t h e  
A16-C~0 s tero id  f r ac t ion  of swea t  was no t  su rpr i s ing  in  
v iew of t he  smal l  i nco rpo ra t i on  in to  these  s teroids  in  
u r ine  10. 

roides m a r q u 6 s  ident i f i6s  c o m m e  p a r t a n t  des deux  
sources  de sueur.  

B. W. L. BROOKSBANK 17 

Medical Research Council, Neuropsychiatry Unit, 
Carshalton (Surrey, England), and 
West Park Hospital Epsom, Surrey, 6 March 1970. 

Rdsumd. L ' a d m i n i s t r a t i o n  i n t r a v e i n e u s e  du  pr6gn~ne-  
3 fl-ol-20-one[7 e-aH]-A 5 avec  le progest6rone[4-*4C] g u n  
h o m m e  sa in  a m e n a  la s6cr6t ion d ' a n t a n t  de r ad ioac t iv i t6  
dans  la sueur  des aiselles que  dans  la p l u p a r t  du  res te  du  
corps. Le pr6gn6nolone-A 5, l ' andros t~ne-3 ,  17-dione-A ~ et  
le d6hydro6p iand ros t6 rone  f u r e n t  les p r i n c i p a u x  st6- 

16 M. G. WARD and L. L. ENGEL, J. biol. Chem. 239, PC3604 (1964). 
16 j .  IV[. ROSNER, P. F. HALL and K. B. ]~IK-NEs, Steroids 5, 199 

(1965). 
17 Acknowledgments. The author expresses grateful thanks to the 

subject (A.C.) who subjected himself to this experiment, and to 
Mr. D. A. A. WILSON for his technical assistance. 

Adrenocortical Lipoid Hyperplasia Induced in Rats by Aniline 

Whi le  s t u d y i n g  t h e  toxic  effects of va r ious  benzene  
de r iva t ives  we found  t h a t  in  r a t s  t r e a t e d  w i t h  ani l ine  
(aminobenzene) ,  t h e  ad r ena l  g lands  were  m a r k e d l y  
en la rged  and  b r i g h t  yel low 1. I n  order  to  ver i fy  t h i s  
obse rva t ion ,  a de ta i led  morpho log ica l  s t u d y  of t h e  
ad rena l s  of an i l i ne - t r ea t ed  r a t s  was  u n d e r t a k e n .  

The  Tab le  shows t h a t  ani l ine  (J. T. Baker ,  Canlab ,  
Montrea l ,  Canada) ,  g iven  to female  Sprague -Dawley  ra t s  
(100 g) a t  a dose of 30 m g  in 0.2 ml  corn  oil s.c. for 7 or 14 
consecu t ive  days,  m a r k e d l y  increases  t h e  we igh t  of t h e  
ad rena l  glands.  

His to logica l ly  (Figure),  t he  ad rena l  cort ices  were 
s t r ik ing ly  en la rged  and  t he  t yp ica l  zona t ion  b e c a m e  
ind is t inc t .  The  zona  g lomeru losa  was a lmos t  ind i s t ingu ish-  
able  excep t  for sma l l  i so la ted  areas  where  a few rows of 
swollen g lomerulosa  cells were sti l l  recognizable  w i t h  some 
r o u n d  P A  S-posi t ive  hya l ine  d rop le t s  ly ing  free in t he  ex t ra -  
cel lular  spaces. The  cor tex  cons is ted  of cords  of large 
p o l y h e d r a l  cells m a i n l y  of t h e  f a sc i cu la t a - type  which,  in  
severa l  places,  e x t e n d e d  in to  t he  f ibrous  capsule.  L ipo id  
drople t s  of va r ious  sizes filled t h e  c y t o p l a s m  of these  
h y p e r t r o p h i e d  cells where  some of t h e m  coalesced an d  
b e c a m e  so large t h a t  t h e y  occupied  a lmos t  t he  en t i re  
c y t o p l a s m  t h u s  d isplac ing the  nuc leus  eccent r ica l ly  a n d  
endowing  t he  cell w i t h  a s ignet  r ing  appearance .  At  some 

si tes where  cell m e m b r a n e s  h a d  rup tu red ,  t h e  I ipoid 
drople t s  merged  in to  cyst - l ike  s t ruc tures .  Occasional ly,  
e m p t y  needle- l ike fo rma t ions  were recognized.  These  
obv ious ly  r ep resen ted  s i tes  where  choles terol  c rys ta l s  h a d  
dissolved du r ing  t h e  e m b e d d i n g  process. A l t h o u g h  l ipoid 
a c c u m u l a t i o n  was ex tens ive  t h r o u g h o u t  t h e  cortex,  i t  was 
more  p r o n o u n c e d  in t h e  ou te r  zona  fasc icu la ta  where,  in 
some places, t h e  cells were m a r k e d l y  vacuo la ted .  I n  o the r  
areas  t h e  cells were def in i te ly  swollen an d  h a d  a granular ,  
f o a m y  an d  pale eos inoph i l i c  c y t o p l a s m  w i t h o u t  be ing  
ser iously vacuo la ted .  The  nucle i  were usua l ly  dark,  r i ch  
in c h r o m a t i n  a n d  s l ight ly  pyknot ic .  As a resu l t  of m a r k e d  
cel lular  h y p e r t r o p h y  t h e  Sillusoids were compressed.  Poly-  
m o r p h o n u c l e a r  l eukocy tes  an d  m o n o n u c l e a r  cells were 
sca t t e r ed  t h r o u g h o u t  t h e  cortex.  This  i n f l a m m a t o r y  
reac t ion  was m a i n l y  localized in t h e  inne r  p a r t s  of t he  
cor tex  b u t  va r i ed  cons ide rab ly  in degree a n d  e x t e n t  f rom 
one a n i m a l  to  t h e  o ther .  I n  a few ad rena l  glands,  small ,  
sha rp ly  d e m a r c a t e d  Ioci of necrosis  were seen. Some of 
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Left: Adrenal cortex of an untreated rat. 
Hematoxylin-Phloxine. • 120. 

Right: Adrenal cortex of a rat treated for 
14 days with aniline. Hematoxylin-Phloxine. 
• 120. 


