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Ident i f i ca t ion  and loca l i za t ion  of  v o l a t i l e  hairpenc i l  c o m p o n e n t s  in m a l e  

A m a u r i s  o c h l e a  b u t t e r f l i e s  ( D a n a i d a e )  1 
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Summary. B y  g a s - c h r o m a t o g r a p h y  a n d  mass - spec t roscopy  7 vola t i le  subs t ances  h a v e  been  found  on  t he  a b d o m i n a l  
ha i rpenc i l s  of Amauris  ochlea males.  6 s u b s t a n c e s  h a v e  been  ident i f ied.  The  spa t i a l  d i s t r i b u t i o n  of c o m p o u n d s  is 
co r re l a t ed  to  t h e  5 t y p e s  of ha i r s  compr i s ing  t he  scen t  organ.  

E x t r a c t s  of ma le  a b d o m i n a l  scen t  o rgans  ( 'ha i rpenci l s ' )  of 
severa l  species of bu t t e r f l i e s  of t he  f ami ly  D a n a i d a e  h a v e  
been  p rev ious ly  a n a l y z e d  4. These  analyses ,  however ,  h a v e  
been  a imed  p r i m a r i l y  a t  d e t e r m i n i n g  t h e  p resence  or  
absence  of a sma l l  g roup  of c o m p o u n d s  r e l a t ed  to  5 a n d  
inc lud ing  2 , 3 - d i h y d r o - 7 - m e t h y l - l H - p y r r o l i z i n - l - o n e  (cf. 
t ab le ,  s t r u c t u r e  VI I ) .  Th i s  he te rocyc l ic  k e t o n e  was f i r s t  
i so la ted  f rom Lycorea  ceres ceres e a n d  l a t e r  p roved ,  for  
D a n a u s  gi l ippus,  to  be  a n  aphrod i s iac  p h e r o m o n e  neces- 
sa ry  for  successful  c o u r t s h i p  L A l t h o u g h  t h e  k e t o n e  is t h e  
m a j o r  vo la t i l e  c o m p o n e n t  of t h e  ha i rpenc i l s  of a n u m b e r  
of species, o t h e r  c o m p o n e n t s  are a lways  p r e s e n t  *, s. Those  
w h i c h  h a v e  been  p rev ious ly  ident i f ied  inc lude  a pyr ro l i -  
z idine a lka lo id  9, a n  acetophenone *a, a n d  va r ious  te r -  
penoids ,  f a t t y  acids a n d  esterse,  10-1~. Pyr ro l i z id ine  a lka-  
loids w h i c h  are inges ted  b y  t h e  males  f rom p l a n t s  h a v e  
been  s h o w n  to  be  p recursors  requ i red  for  p r o d u c t i o n  of 
t h e  ke ton ic  p h e r o m o n e  8, la, 14. The  o t h e r  c o m p o n e n t s  m a y  
h a v e  a v a r i e t y  of i m p o r t a n t  func t ions ;  t h e  long cha in  
a lcohols  a n d  esters,  wh ich  are viscous oils, a p p e a r  to  serve 
as so lven t s  for t he  a c t u a l  p h e r o m o n e s  7 ; o t h e r  c o m p o n e n t s  
m a y  c o n v e y  in t raspec i f i c  messages  or  t a k e n  t o g e t h e r  m a y  
serve t he  pu rpose  of species recogni t ion .  

The  ha i rpenc i l s  a n d  t h e i r  secre t ions  a p p e a r  to  be  genera l ly  
more  complex  in A m a n r i s  species t h a n  in D a n a u s  spe- 
cies 13 Those  of A m a u r i s  och lea  h a v e  p r o v e d  to  be  a m o n g  
t he  more  i n t e r e s t i n g  15, xe. W e  here  r e p o r t  t h e  ident i f ica-  
t i o n  of 7 p r o m i n e n t  vo la t i l e  c o m p o n e n t s  of t h e  ha i rpenc i l s  
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Volatile components from Amauris ochlea hairpencils 

Formula (cf. figure 1) Name Structure Approximate amount (g.g) per male 
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n-Octanal CHa(CH2)eCHO < 0.1 

n-Nonanal CHa(CH,)~CHO 1.5 
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of  A m a u r i s  o c h l e a  ( B i o s d u v a l )  a s  we l l  a s  t h e i r  t o p o -  
c h e m i c a l  d i s t r i b u t i o n  w i t h i n  t h e  c o m p l e x  h a i r p e n c i l  
s y s t e m .  
T h e  b u t t e r f l i e s  w e r e  c o l l e c t e d  in  K e n y a  a t  3 d i f f e r e n t  
t i m e s  (54 m a l e s  i n  M a y  1974,  11 m a l e s  in  A u g u s t  1975 
a n d  3 m a l e s  in  A u g u s t  1976).  H a i r p e n c i l s  w e r e  e x p a n d e d  
a r t i f i c i a l l y ,  r e m o v e d ,  a n d  e i t h e r  p l a c e d  d i r e c t l y  in  c a r b o n  
d i s u l f i d e  o r  f i r s t  s e p a r a t e d  i n t o  t h e i r  v a r i o u s  p a r t s  (see 
be low)  a n d  t h e n  s t o r e d  in  c a r b o n  d i su l f i de .  A n a l y s e s  we re  
c a r r i e d  o u t  a f t e r  c o m b i n i n g  a n  e x t r a c t  w i t h  a n  a d d i t i o n a l  
c a r b o n  d i s u l f i d e  r i n s e  of  t h e  g l a n d s  a n d  c o n c e n t r a t i n g  t h e  

m 
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Fig. 1. Gas chromatogram of an extract of Amauris ochlea hair- 
pencils. Components identified are designed by Roman numerals. 

Fig. 2. Hairpencils of Amauris  ochlea, artificially expanded to de- 
monstrate  their morphological complexity (of. text). On the right 
side, long white hairs (C1 form a sphere, in the centre of which cone 
hairs (D) are to be seen. On the left side, long white hairs (C) have 
folded backwards; the cone has  opened to expose central hairs (E), 
which also form a sphere. In  these stages black hairs (A) are lying 
close to the abdomen and are not  visible in this photograph; hair 
type B is not  detectable macroscopicllay. 

r e s u l t i n g  e x t r a c t s .  G a s  c h r o m a t o g r a p h i c  (GC) a n a l y s e s  
w e r e  c a r r i e d  o u t  o n  a 8 '  b y  2 m m  g l a s s  c o l u m n  p a c k e d  
w i t h  2 %  O V - 1 7  o n  100 /120  m e s h  G a s  C h r o m  Q,  f i r s t  
u t i l i z i n g  a V a r i a n  2100  GC w i t h  f l a m e  i o n i z a t i o n  d e t e c t o r  
a n d  l a t e r ,  o n  s e l e c t e d  s a m p l e s ,  a c o m p u t e r i z e d  F i n n i g a n  
3300  GC m a s s  s p e c t r o m e t e r .  R u n s  w e r e  p r o g r a m m e d  f r o m  
5 0 ~  t o  2 5 0 ~  a t  1 0 ~  
A t y p i c a l  c h r o m a t o g r a m  is  r e p r o d u c e d  i n  f i g u r e  1. T h e  
c o m p o n e n t s  (cf. t ab l e )  w e r e  i d e n t i f i e d  o n  t h e  b a s i s  of  
i d e n t i t y  of  m a s s  s p e c t r a  of  i n d i v i d u a l  p e a k s  t o  p u b l i s h e d  
s p e c t r a  as  we l l  a s  c o i n c i d e n c e  o f  GC r e t e n t i o n  t i m e s  t o  
t h o s e  of  a u t h e n t i c  s a m p l e s  z7 a. A m o u n t s  w e r e  d e t e r m i n e d  
b y  c o m p a r i s o n  o f  p e a k  a r e a s  to  c a l i b r a t i o n  c u r v e s  o f  a r e a  
v e r s u s  a m o u n t  fo r  t h e  a u t h e n t i c  s a m p l e s  17 ~. S i m i l a r  re -  
s u l t s  w e r e  o b t a i n e d  w i t h  a l l  3 g r o u p s  o f  a n i m a l s .  

17 a) Compounds I, II ,  IV and V were obtained from commercial 
sources. Compound VI was supplied by  International Flavors 
and Fragrances. Compound VII was synthesized as previously 
described s. For compound III, the double bond position could 
not  be ascertained from mass spectral data. I t  was therefore 
determined by microozonolysis 18 of the esterified (diazomethane) 
and isolated (micropreparative GC) component. GC/MS exam- 
ination (Porapak Q column) of the ozonolysis product revealed 
the presence of propionaldehyde, b) The amount  of I I I  was 
estimated by  treating the extract with diazomethane, and com- 
paring the peak area of the resulting methyl  ester of I I I  with a 
calibration curve for methyl  hexanoate. 

18 M. Beroza and ]3. A. Bierl, Analyt. Chem. 39, 1131 (1967). 
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Fig. 3. Schematic representation of chromatograms of hairpencil 
parts. Line heights indicate relative peak heights (not areas) within 
each chromatograrn; equal heights of the sace component in different 
cbromatograms do not  necessarily imply equal amounts.  The peak 
appearing between peaks VI and VII  was not  identified, Compound 
VII,  although present in the whole hair]pencil extracts, could not be 
detected in extracts of separated hairpencil parts, possibly due to 
distribution in undetectable small amounts  over all of the hairpencil 
parts.  
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W i t h  t he  excdp t ion  of VI I ,  t hese  c o m p o u n d s  occur  
wide ly  in t h e  p l a n t  k ingdom19 .  I n  add i t ion ,  c o m p o u n d s  
139 a, I I  so b a n d  I V  ~ b, s0 c h a v e  been  i so la ted  f rom var ious  
insec t  species. U n t i l  now, c o m p o u n d s  I I I ,  V a n d  V I  do 
n o t  a p p e a r  t o  h a v e  been  iden t i f i ed  in insects .  
The  b i n a t e  ha i rpenc i l s  of A. ochlea  cons is t  of 5 d i f fe ren t  
h a i r  t y p e s  (cf. f igure  2)15, ks. B l a c k  ha i r s  (A) lie on  t he  
ou t e r  l a t e ra l  sides of b u n d l e s  of wh i t e  hai rs .  A layer  of 
a n o t h e r  h a i r  t y p e  (B) s epa ra t e s  b l a c k  ha i r s  f rom t he  long 
wh i t e  ha i r s  (C) w h i c h  m a k e  u p  t he  m a j o r  p a r t  of t he  
organ.  The  long w h i t e  ha i r s  p roduce  p h e r o m o n e - t r a n s f e r -  
pa r t i c les  w h i c h  are  d i s s e m i n a t e d  on to  t h e  female  d u r i n g  
c o u r t s h i p  f l igh t  ~1. Enc losed  b y  t he  long  w h i t e  ha i r s  are  
t h e  cen t r a l  ha i r s  (E), w h i c h  are  s e p a r a t e d  f rom t h e  r e s t  of 
t h e  o r g a n  b y  a t i g h t l y  closing cone m a d e  of a n o t h e r  ha i r  
t y p e  (D). 
I n  v iew of t h e  morpho log ica l  c o m p l e x i t y  of t h i s  organ,  i t  
s eemed  des i rab le  to  d e t e r m i n e  w h e t h e r  some of t h e  chem-  
ical  c o m p o n e n t s  were local ized in p a r t i c u l a r  p a r t s  of t h e  
ha i rpenci l s .  I n t e r e s t i ng l y ,  a spacia l  d i s t r i b u t i o n  of t h e  
chemica l s  was  found.  P r e p a r a t i o n s  ana lyzed  were a) b l a c k  
ha i r s  (A), b) t o t a l  w h i t e  ha i r s  (B-E) ,  a n d  c) c e n t r a l  
ha i r s  (E). C h r o m a t o g r a m s  of e x t r a c t s  of these  p r e p a r a -  
t ions  are r e p r e s e n t e d  s c h e m a t i c a l l y  in  f igure 3. T he  bio-  
logical  m e a n i n g  of t he  t o p o c h e m i c a l  d i s t r i b u t i o n  of t h e  
d i f f e ren t  c o m p o u n d s  is u n d e r  i nves t iga t ion .  
E lec t rophys io log ica l  expe r i m en t s ,  now  in progress,  show 
t h e  o l f ac to ry  ef fec t iveness  of all 7 cha rac t e r i zed  com- 

pounds .  A l t h o u g h  t h e  c o m p o u n d s  h a v e  n o t  been  t e s t e d  in 
b e h a v i o r a l  expe r imen t s ,  t h e i r  s t i m u l a t o r y  power  a n d  t h e i r  
d i s t i nc t  d i s t r i b u t i o n  on  t h e  complex  scen t  o rgan  s u p p o r t s  
t h e  idea  t h a t  a t  leas t  c e r t a i n  ones  ac t  as phe romones .  I n  
add i t ion ,  i t  is qu i t e  poss ible  t h a t  t h e y  p l a y  a m a j o r  role in  
species recogni t ion .  
Ana lyses  in  progress  w i t h  i ndoor  ra ised  A. ochlea  i nd ica t e  
t h a t  t h e  p r o d u c t i o n  of some of t he  vola t i le  h a i r p e n c i l  
c o m p o n e n t s  depends  on  t h e  inges t ion  b y  males  of pre-  

' cursors  f rom p lan t s .  This ,  as well  as t h e  inf luence  of con-  
t a c t s  b e t w e e n  a b d o m i n a l  and  Mar scen t  o rgans  on  t h e  

c h e m i c a l  c o m p o n e n t s  found  in t he  ha i rpenci ls ,  shows 
s imi l a r i t y  to  D a n a u s  species 14, **. 
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Increased m e m b r a n e - b o u n d  polyr ibosome fraction in the brains of rats 
wi th  hereditary diabetes insipidus 

F. R a m a e k e r s ,  H.  R ig t e r  1 a a d  B. E.  L eona r d  * 

_Pharmacology Department, Scientific Development Group, Organon International B.V., P.O. Box 20, 
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Summary. R a t s  h o m o z y g o u s  for  h y p o t h a l a m i c  d i abe t e s  ins ip idus  were f o u n d  to  h a v e  a s i g n i f i c a n t l y h i g h e r c o n c e n t r a t i o n  
of m e m b r a n e - b o u n d  po ly r ibosomes  t h a n  t h e i r  he t e rozygous  l i t t e rma te s .  The re  was no  dif ference in t he  c o n c e n t r a t i o n  
of free po ly r ibosomes .  

H e r e d i t a r y  h y p o t h a l a m i c  d i abe t e s  (D.I.) occurs  in  r a t s  of 
t h e  B r a t t l e b o r o  s t ra in .  A n i m a l s  t h a t  are  h o m o z y g o u s  for  
D.I .  l ack  t h e  ab i l i t y  to  syn thes i ze  vasopress in ,  ill c o n t r a s t  
to  t h e i r  h e t e r o z y g o u s  l i t t e r m a t e s  8,4. Vasopress in  ha s  
been  r e p o r t e d  to  be  i m p l i c a t e d  in m e m o r y  processes  5. 
S u p p o r t  for  t h i s  n o t i o n  comes  f rom f ind ings  sugges t ing  
t h a t  h o m o z y g o u s  D.I .  r a t s  h a v e  m e m o r y  defici ts  in  com-  
pa r i son  w i t h  t h e i r  he t e rozygous  l i t t e r m a t e s  5. Since 
m e m b r a n e - b o u n d  b r a i n  po ly r ibosomes  m a y  also p l a y  a 
role in  m e m o r y  conso l ida t ion  s , we dec ided  to  e x a m i n e  
t h e  po ly r ibosome  d i s t r i b u t i o n  b e t w e e n  b r a i n  c y t o p l a s m  
a n d  b r a i n  m e m b r a n e s  of h o m o z y g o u s  a n d  he t e r ozygous  
D.I .  ra t s .  
Materials and methods. 9 h o m o z y g o u s  a n d  10 he t e rozygous  
ma le  D.I .  r a t s  of t h e  B r a t t l e b o r o  s t r a i n  (ob ta ined  f rom 
TNO,  Zeist ,  The  N e t h e r l a n d s )  were housed  in  g roups  of 
4-5.  The  r a t s  were 3 m o n t h s  old. T h e  h o m o z y g o u s  r a t s  
weighed  a p p r o x i m a t e l y  250 g, whereas  t he  he t e r ozygous  
ones  we ighed  350 g. T h e  e x p e r i m e n t  was  c o n d u c t e d  
accord ing  to  a r a n d o m i z e d  b lock  design.  T he  r a t s  were  
ki l led b y  d e c a p i t a t i o n ,  a n d  t h e  b r a i n s  were  r ap id ly  
r e m o v e d  a n d  p laced  on  d r y  ice. Cerebe l lum a n d  p inea l  
g l a n d  were  r e m o v e d  a n d  d iscarded.  T he  b r a i n  was  
weighed  a n d  r insed  in  ice-cold h o m o g e n i z a t i o n  buffer .  
All  s u b s e q u e n t  p rocedure s  were  p e r f o r m e d  a t  0 -4  ~ 

F ree  po ly r ibosomes  were p r e p a r e d  accord ing  to  t h e  
m e t h o d  of B l o e m e n d a l  e t  aLL The  b r a i n s  were homoge -  
n ized  s e p a r a t e l y  a n d  cen t r i fuged  a t  12,000 x g for  20 min .  
I n  t h e  r e su l t i ng  s u p e r n a t a n t ,  p r o t e i n  was d e t e r m i n e d  
accord ing  to  t h e  m e t h o d  of L o w r y  e t  al. 8. Fo r  t h e  p r e p a -  
r a t i o n  of m e m b r a n e - b o u n d  polyr ibosomes ,  t h e  i n t i a l  
1 2 , 0 0 0 •  s e d i m e n t  was  r ehomogen ized  in 2/3 of t h e  
or ig ina l  h o m o g e n i z a t i o n  vo lume,  a f t e r  wh ich  deoxycho-  
la te  a n d  T r i t o n  X-100 were a d d e d  to  a f ina l  c o n c e n t r a t i o n  
of 0 .5% (w/v) a n d  1% (v/v) ,  respec t ive ly ,  fol lowed b y  t h e  
p rocedure  of B l o e m e n d a l  e t  al. 7. Abso rbances  (A) of poly-  
r i bosome  suspens ions  a t  236, 260 a n d  280 n m  were 
m e a s u r e d  w i t h  a Zeiss S p e c t r o p h o t o m e t e r  Q I I  us ing  1 c m  
q u a r t z  cuve t t e s .  0.3 m l  f r ac t ions  of t h e  po ly r ibosoma l  
p r e p a r a t i o n s  were  ana lyzed  on  10 ml  1 5 - 3 5 %  (w/v) l inear  
sucrose  g rad ien t s ,  w h i c h  were  cen t r i fuged  a t  4 ~ for  1 h 
a t  40,000 r p m  in  a SB 283 ro tor .  Af te r  cen t r i fuga t ion ,  t h e  
a b s o r b a n c e  of t h e  g r a d i e n t s  a t  260 n m  was c o n t i n u o u s l y  
m o n i t o r e d  us ing  a Gilford S p e c t r o p h o t o m e t e r  240 
(2 -mm-cuve t ) .  The  resu l t s  were ana lyzed  b y  m e a n s  of a 
r a n d o m i z e d  b l o c k s  ana lys i s  of va r iance .  
Results and discussion. The  b r a i n s  of h o m o z y g o u s  D . I .  
r a t s  were l i gh t e r  t h a n  t hose  of he t e rozygous  r a t s  (mean  • 
SEM:  1.36 • 0.01 a n d  1.55 • 0.03, r e spec t ive ly ;  U = 5, 
p < 0.002, 2 ta i led M a n n - W h i t n e y  U- tes t ) .  


