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Dihydropyrrolizine Secretions Associated with Coremata of Utetheisa Moths (Family Arctiidae) 

Male Tiger  Moths  ( family  Arct i idae)  c o m m o n l y  possess 
scen t  o rgans  in t he  fo rm of b rushes  or i n f l a t ab le  c o r e m a t a  
wh ich  are be l ieved to  be used for t he  d i s s emina t i on  of 
p h e r o m o n e s  1. Some species are also k n o w n  to  ut i l ise p l a n t s  
c o n t a i n i n g  pyr ro l i z id ine  a lkaloids  as l a rva l  hos t  p l an t s .  
As a n  ex tens ion  of our  i n t e r e s t  in  t h e  d ihyd ropyr ro l i z ine  
p h e r o m o n e s  on  t he  ha i r -penc i l s  of bu t t e r f l i e s  of t he  sub-  
f ami ly  D a n a i n a e  2 we h a v e  m a d e  a p r e l i m i n a r y  s t u d y  of 
two such  species of Arc t i id  moths ,  Utetheisa pulchelloides 
(Hamps . )  and  U. lotrix (Cram.), to  see w h e t h e r  t h e y  
secrete  s imi la r  pyr ro l i z id ine -de r ived  d ihyd ropy r ro l i z ine  
phe romones .  

U. pulchelloides is found  in s o u t h - e a s t e r n  Aus t ra l i a ,  an d  
i ts  l a rvae  are be l ieved  to l ive  only, or v e r y  largely,  on  
p l a n t s  of t he  f ami ly  Borag inaceae  8. H e a v y  in fe s t a t ions  
occur  on  t h e  two  c o m m o n  weeds, Heliotropium europaeum 
a n d  Echium lycopsis. W h e n  the  b o d y  of t he  ma le  m o t h  is 
squeezed gent ly ,  t h e  c o r e m a t a  are e x t r u d e d  (Figure) a n d  
can  be  de tached ,  a long  w i t h  t he  assoc ia ted  geni ta l ia .  T h e  
c o r e m a t a  a n d  geni ta l ia  were r e m o v e d  f rom 260 male  m o t h s  
col lected in M a r c h  in a field of H. europaeum a n d  e x t r a c t e d  
w i t h  m e t h y l e n e  chloride.  F r o m  the  ex t rac t ,  1-formyl-7-  
h y d r o x y - 6 , 7 - d i h y d r o - 5 H - p y r r o l i z i n e  (I) was  read i ly  iso- 
l a t ed  b y  p r e p a r a t i v e  t h i n  l ayer  c h r o m a t o g r a p h y .  The  
mass  s p e c t r u m  of t h e  isolate  showed t he  expec t ed  molec-  
u la r  ion a t  m/e 151 a n d  a f r a g m e n t a t i o n  p a t t e r n  charac-  
t e r i s t i c  of (I)4. The  t h i n  layer  c h r o m a t o g r a p h i c  b e h a v i o u r  
a n d  colour  r eac t ions  of the  isolate  and  i ts  d e r i v a t i v e  ( I I I ) ,  
o b t a i n e d  b y  sod ium b o r o h y d r i d e  reduc t ion ,  were iden t ica l  
w i t h  those  e x h i b i t e d  b y  a u t h e n t i c  samples  of (I) an d  
1 - h y d r o x y m e t h y l - 7 - h y d r o x y - 6 ,  7 -d ihydro-  5H-pyr ro l i z ine  
( I I I )  ~. The  r e m a i n d e r  of the  carcasses of t he  ma le  and  t h e  
whole  carcasses  of female  moths ,  s epa ra t e ly  e x t r a c t e d  w i t h  
m e t h y l e n e  chloride,  gave  no  d e t e c t a b l e  a m o u n t s  of (I) or 
t h e  o t h e r  r e l a t ed  d ihyd ropy r ro l i z ine  de r iva t i ve s  found  in 
D a n a i d  bu t t e r f l i e s  2. The  carcasses  did, however ,  c o n t a i n  
a lka lo ida l  subs tances .  W h e n  assayed  b y  t he  t e c h n i q u e  
used for pyr ro l i z id ine  a lkaloids  in  p l a n t s  5, m o t h s  col lected 
f rom a field of H. europaeum c o n t a i n e d  a p p r o x i m a t e l y  
130 ~g a lkaloid  pe r  m o t h  (cor responding  to a p p r o x i m a t e l y  

' 1 . 3 %  b o d y  we igh t  a f t e r  m e t h a n o l  ex t r ac t ion )  of wh ich  
100 ~xg pe r  m o t h  was  in t he  fo rm of N-oxides .  He l io t r ine  

was a m a j o r  c o n s t i t u e n t  a n d  he leu r ine  a n d  sup in ine  m i n o r  
c o n s t i t u e n t s  of the  carcass  ex t rac t .  T h e  o t h e r  a lkaloids  of 
H. europaeum 6, l as iocarp ine  an d  europine ,  were n o t  
de tec ted .  T h u s  some se lec t iv i ty  occurs  in t h e  s torage  of 
a lka lo ids  in  t h e  bodies  of t h e  moths .  The  c o r e m a t a  of 
m o t h s  col lected f rom a f ield in  wh ich  E. lycopsis was 
d o m i n a n t  also yie lded (I). T h e  bodies  of these  m o t h s  
c o n t a i n e d  a lka lo ida l  subs t ances  wh ich  were d i f fe rent  f rom 
those  of t h e  m o t h s  col lected f rom H. europaeum. 

T h e  species Utetheisa lotrix, which  closely resembles  
U. pul6helloides, occurs  in  Q u e e n s l a n d  a n d  n o r t h e r n  New 
S o u t h  Wales  where  i ts  l a rvae  are t h roughs  to l ive m o s t l y  
on t h e  leaves  of Crotalaria species 3. U. lotrix is bes t  
d i s t i ngu i shed  f rom U. pulchelloides b y  a n  e x a m i n a t i o n  of 
the  geni ta l ia .  W e  h a v e  used a t e c h n i q u e  appl icab le  in t h e  
field to  iden t i fy  d ihydropyr ro l i z ines  secre ted on t h e  core- 
m a t s  a n d  geni ta l ia  of ma le  U. lotrix col lected on  Crotalaria 
mucronata r a n g i n g  f rom B r i s b a n e  to R o c k h a m p t o n .  W h e n  
e x t r a c t e d  in groups  of six to  t w e l v e  moths ,  B r i s b a n e  collec- 
t ions  c o n t a i n e d  mos t ly  (I) a n d  a smal l  a m o u n t  of 1-formyl-  
6 ,7 -d ihyd ro -5H-pyr ro l i z ine  (II).  Collect ions f rom nea r  
R o c k h a m p t o n ,  however ,  c o n t a i n e d  equa l  a m o u n t s  of (I) 
an d  (II). Suspec t ing  t h a t  t h e  col lect ions m a y  h a v e  been  
mixed  U. pulchelloides a n d  U. lotrix ( the species are k n o w n  
to  over l ap  in th i s  region),  t h e  field t e c h n i q u e  was a d a p t e d  
to e x a m i n e  t h e  secre t ions  of i n d i v i d u a l  m o t h s  in such  a 
way  t h a t  t h e  gen i ta l ia  r e m a i n e d  su i t ab le  for i den t i f i ca t ion  
purposes .  Of e igh t  m o t h s  col lected nea r  B r i s b a n e  a n d  
s tud ied  in th i s  w ay  six c o n t a i n e d  (I) only, a n d  two con- 
t a i n e d  (I) a n d  (II)  in a b o u t  equa l  a m o u n t s .  All were 
iden t i f i ed  b y  Dr. I .F .  t3. COMMON, as U. lotrix. Thus,  on  
chemica l  grounds ,  U. lotrix can  be  d iv ided  in to  two groups.  
W h e t h e r  t h e  dif ference in secre ted  d ihydropyr ro l i z ines  is 
due to  a genet ic  di f ference or to  a d i f ference in l a rva l  food 
p l a n t  is n o t  ye t  known.  Some Utetheisa species, inc lud ing  
U. pulchelloides, are bel ieved to  t r a v e l  d i s t ances  up  to  
h u n d r e d s  of miles, e i the r  w i n d - b o r n e  or as t rue  mi-  
g r a n t s  ~-10, a n d  m o t h s  col lected on C. mucronata m a y  n o t  
necessar i ly  h a v e  fed on th i s  species in  t h e  l a rva l  stage. 

W e  h a v e  n o t  found  a n y  r e p o r t e d  o b s e rv a t i o n s  on a spe- 
cific f u n c t i o n a l  use of t h e  c o r e m a t a  in species of Utetheisa: 
The  secre t ion  of t h e  c o m p o u n d s  (I) a n d  (II) b y  U. pulchel- 

(i) R=OH (~Z) (IV) 

Extruded eoremata of U. pulchelloides. 

1 M. 13IRCH, Nat. Hist. N.Y. 79, 34 (1970). 
.2 j .  A. EDGAR, C. C, J. CULVENOR and L. W. SMITH, Experientia 27, 

761 (1971). 
3 I. F. t3. COMMON, Australian Moths (Jacaranda Press, Brisbane 

1963). 
4 C. C. J. CULVENOR, J. A. EDGAR, L. W. SMITH and H. J. TWEEDDALE, 

Aust. J. Chem. 23, 1869 (1970). 
5 C. C. J. CULVRNOR, L. W. SMITH, Aust. J. Chem. 8, 556 (1955). 

L. 13. BULL, C. C. J. CULVENOR and A. T. DICK, The Pyrrolizidine 
Alkaloids (North Holland, Amsterdam 1968). 
K. J. Fox, N.Z. Ent. 4, 6 (1969). 

s D. C. F. PERROTT, N.Z. Ent. 3, 3 (1966). 
9 C. 13. WILLIAMS, Insect Migration (Collins, London 1958), p. 67. 

10 C. G. M. DE WORMS, Entomologist 95, 149 (1962). 



628 Specialia EXPERIENTIA 28/6 

loides and  U. lotrix creates  a s t rong  possibi l i ty  tha t ,  in 
these  species a t  least,  t he  s t ruc tures  have  a func t ion  
closely allied to  t h a t  of the  hair-penci ls  of Dana id  bu t t e r -  
flies. I t  is thus  possible t h a t  (I) and (II) p lay  a role in the  
ma t ing  of Utetheisa similar  to  t h a t  es tabl ished for the  
re la ted  ke tone  (IV) in Danaus gilippus berenice 11. 

Zusammenfassung. Die Duf to rgane  der  m~tnnlichen 
BArenspinner  Utetheisa pulchelloides und U. lotrix (Fam. 
Arcti idae) scheiden Dihydropyrro l iz ine  aus, die im Typ  
den P h e r o m o n e n  yon  Schmet te r l ingen  der  Subfamil ie  
Dana inae  (Faro. Papil ionidae)  gleichen. Wahrsche in l ich  

h an d e l t  es sich um Der iva te  von  Pyrrol iz idin-Alkaloiden,  
die in den Wi r t sp l anzen  der  R a u p e n  in hoher  Konzen t r a -  
t ion  vo rkommen .  
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Relationship Between Lipolysis and Storage of Diphenylhydantoin in the Adipose Tissue 

In  a previous  pape r  i t  was r epor ted  t h a t  increased lipo- 
lysis results  in a more  marked  s torage of phenoba rb i t a l  in 
adipose t issue 1. Since d i p h e n y l h y d a n t o i n  (DPH),  an ant i -  
convu l san t  drug, also accumula tes  in fa t  ~,3, i t  was con- 
s idered i m p o r t a n t  to  es tab l i sh  if i ts  up t ake  by  adipose 
t issue is inf luenced by  the  degree of lipolysis. 

Materials and methods. Male Sprague Dawley  ra ts  
(average body  weight  180 g) were used t h r o u g h o u t  all the  
exper iments .  

In  vivo studies .  D P H  a t  100 mg/kg  body  wt.  was given 
s.c. to  fed or fas ted  ra ts  and  the  aninlals were sacrificed at  
d i f ferent  t imes  af ter  the  admin is t ra t ion .  The concent ra-  
t ion  of D P H  was measured  in p lasma  and  in adipose t issue 
(epididymal  and  perirenal) .  

In  vi t ro  studies.  Tile s tudy  of tile accumula t ion  of D P H  
in adipose t issue was carr ied ou t  according to  the  procedure  
previous ly  descr ibed for phenoba rb i t a l  1. The release of 
DPI-I f rom adipose t issue was  s tudied  according to  the  
following procedure :  ep id idymal  adipose tissue; cut  in to  
small  pieces and pooled, was p r e incuba t ed  for i h a t  37 ~ 
in Krebs  Ringer  p h o s p h a t e  a t  p H  7.4, con ta in ing  3% al- 
b u m i n  and D P H  53 vtg/ml. This  adipose t issue (400-600 rag) 
pre loaded wi th  t he  drug was fi l tered, washed  and added  
to  4 ml  of medium,  free of D P H ,  in the  presence  or absence 
of noradrenal ine .  The incuba t ion  was carr ied out  a t  37 ~ 
wi th  gentle shaking,  for 1 h and  at  the  end of th is  per iod 
the  D P H  remain ing  in the  adipose t issue was measured.  

De te rmina t ions  of D P H  in 1 ml of p l a sma  or 400 mg of 
adipose t issue were carried out  according to  t he  m e t h o d  of 
MORSELLI 4 ; free f a t t y  acids (FFA) were measured  accord- 
ing to  DOLE 5, wi th  minor  modif icat ions .  Triglycerides were 

de t e rmined  according to  VAN I'IANDEL, ZILVERSMIT and 
BOWMANN 6. 

Results. D P H  in jec ted  s.c. is r ap id ly  absorbed in p lasma 
reaching  a peak  at  30 miD and  20 miD, respect ively ,  in fed 
and  fas ted  rats.  However ,  the  ra te  of d i sappearance  of th is  
drug  f rom p lasma  was quicker  in fas ted  t h a n  in fed ani- 
mals.  Accumula t ion  of D P H  in b o t h  ep id idymal  and  peri- 
renal  adipose t i ssue  was more  rap id  in fas ted t h a n  in fed 
ra ts  (Table I), a l though  an in t e rp re t a t i on  of th is  pheno-  
m e n o n  is diff icul t  because of the  d i f fe rent  kinet ics  of plas- 
m a  D P H  in the  two  types  of expe r imen ta l  condi t ions  
used.  

The results  ob ta ined  in vi t ro  are more  conclusive. Table 
I I  shows t h a t  D P H  up take  by  the  adipose t issue of fed 
ra t s  is p ropor t iona l  to  the  D P H  concen t ra t ion  in the  me- 
dium. Table I I I  indica tes  t h a t  D P H  accumula t ion  in adi- 
pose t issue increases w i th  the  t ime  of incubat ion .  I t  was 
also found  t h a t  the  D P H  con ten t  in adipose  t issue was 
h igher  bo th  per  g of weight  and per  g of t r iglycerides,  
w h e n  lipolysis was increased by  the  presence  of noradren-  
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Table I. Levels of diphenylhydantoin (DPH) in plasma and adipose tissue after a single injection of DPH (100 mg/kg s.c.) to fed or to over- 
night fasted rats 

Time �9 Fed rats Fasted rats 
(miD) DPH (txg/ml) or g =E S.E. DPH (Ixg/ml) or g 4- S.E. 

Plasma Adipose tissue Plasma Adipose tissue 

Epididymal Perirenal Epididymal Perirenal 

10 13.5 4- 0.1 -- -- 16.3 4- 0.3 -- -- 
20 16.2 ! 0.3 11.4 + 0.6 (0.70) 12.0 ~ 0.4 (0.74) 23.6 4- 1.8 7.7 =~ 0.8 (0.32) 12.3 4- 0.3 (0.52) 
30 18.4 • 1.2 15.7 ~= 1.1 (0.88) 15.6 -4- 1.1 (0.84) 12.6 =t= 0.9 21.3 =t= 1.4 (1.69) 22.7 =[= 1.2 (1.80) 
60 16.3 4- 0.3 16.4 -1- 0.9 (1.00) 16.4 :t_ 0.9 (1.00) 10.4 4- 1.2 26.1 ~ 0.9 (2.50) 29.3 -t- 1.1 (2.81) 

120 12.6 -4- 1.6 25.1 • 1.4 (1.99) 25.5 =~ 1.1 (2.04) 9.3 =t= 0.1 10.9 =E 1.2 (1.17) 12.7 ~= 0.1 (1.36) 
240 3.6 :t= 1.4 9.9 -4- 3.7 (2.75) 9.7 4- 0.4 (2.69) 8:1 :t= 0.5 -- -- 
360 0.1 4- 0.0 -- -- 1.2 -t- 0.1 -- -- 

�9 Time elapsed between DPH administration and sacrifice of the animals. In brackets: the ratio between adipose tissue aDd plasma levels of 
DPH. 


