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has  no  apprec i ab le  effect  u p o n  t h e  ca lcu la t ions  shown  
above .  B u t  t he  e l i m i n a t i o n  b y  a n  i n d i v i d u a l  o rgan  m u s t  
be  t a k e n  in to  account .  W e  k n o w  t h a t  labe l led  choles tero l  
syn thes i zed  in t he  o rgans  passes  in to  t he  p l a s m a  a n d  i ts  
r a d i o a c t i v i t y  is equa l  to  t h e  s um  of RpF a n d  -~PE of t he  
whole  a n i m a l  (or RsP) (Table  I I ) .  A ce r t a i n  a d j u s t m e n t  
the re fore  h a d  to  be  made,  so we d iv ided  r a d i o a c t i v i t y  
Rsp in  p r o p o r t i o n  to  t h e  syn thes i zed  s terols  r e m a i n i n g  
b e h i n d  in each  organ.  F o r  in tes t ine ,  for ins tance ,  we h a v e  

Rsp  ( in tes t ine)  = RsF + RSE ( in tes t ine)  
RSF + RsE (whole ra t )  • Rsp (whole ra t ) .  

I t  shou ld  be  s t ressed  t h a t  t h e  sho r t e r  t he  e x p e r i m e n t a l  
per iod,  t he  smal le r  th i s  cor rec t ion  (like t he  p rev ious  one) 
has  to  be, i.e. resu l t s  o b t a i n e d  f rom t he  3.5 h e x p e r i m e n t s  
are  sub jec t  to  t h e  smal les t  m a r g i n  of error.  

Regard less  of w h e t h e r  we t a k e  free s terol  r a d i o a c t i v i t y  
(RsF) or t h e  sum of free a n d  ester i f ied s terol  r a d i o a c t i v i t y  

(RsF + RsE), and  w h e t h e r  we m a k e  t he  second ad jus t -  
m e n t  (Rsp), i t  becomes  a p p a r e n t  t h a t  t he  in t e s t ine  is t h e  
m a i n  o rgan  conce rned  in choles tero l  syn thes i s  (Table  I I I ) .  
The  l iver  c o n t r i b u t e s  a mere  13.5% to  t h e  to ta l .  F ina l ly ,  
t he  p a r t  p l ayed  b y  t h e  colon a n d  t h e  s t o m a c h  lies some-  
where  b e t w e e n  4 a n d  5% so t h a t  i t  is in  t h e  d iges t ive  
t r a c t  t h a t  5 5 - 5 6 %  of choles tero l  syn thes i s  in  t he  r a t  
t akes  place, a p e r c e n t a g e  wh ich  is close to  t he  one 
p roposed  before  1. So ev idence  of t h e  m a j o r  role of 
i n t e s t i n  e in  choles terol  syn thes i s  in  t h e  a d u l t  ma le  r a t  is 
furn ished .  I n v e s t i g a t i o n s  are  car r ied  ou t  for e x t e n d i n g  t h i s  
conc lus ion  to  female  a n d  y o u n g  male  rats ,  or to  var ious  
d i e t a r y  cond i t ions  9. 

Summary. B y  a new in v ivo  m e t h o d  us ing  1-~C-aceta te ,  
i t  becomes  a p p a r e n t  t h a t  t he  in t e s t ine  is t h e  m a i n  o rgan  
concerned  in  choles tero l  synthes is .  The  l iver  c o n t r i b u t e s  a 
mere  13.5% to t he  to ta l .  These  resu l t s  chal lenge t h e  
t r a d i t i o n a l  t h e o r y  wh ich  considers  t he  l iver  as respons ib le  
for p r o d u c i n g  mos t  of choles tero l  syn thes i zed  b y  t h e  ra t .  

Table III. Sterols synthesized remaining in situ in free form in the 
liver and the intestine (msF). Synthesized sterols remaining in situ 
but detected in esterified form (rosE). Sterols synthesized and passing 
into the plasma (rasP). Sterols definitely synthesized (ms = rasp + 
raze + razp) expressed as a percentage of the cholesterol synthesis 
in the whole rat. 
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Liver 10.2 =[: 2.5 2.6 ~= 1.2 0.7 i 0.2 13.5 • 3.9 
Intestine 46 -4- 14.5 1.2 • 0.5 3.5 • 1.1 50.7 • 16.1 
Whole animal 74.6 ~ 19.5 18.7 J= 14 6.7 • 1.7 100 

7 p. A. EDWARDS, H. MUROYA and R. G. GOULD, J. Lipid Res. 13, 
396 (1972). 

8 F. CHEVALLIER and C. LUTTON, Bull. Soe. Chim. biol. 48, 507 
(1966). 

9 This work was supported by grants from C.N.R.S., I.N.S.E.R.M. 
and C.E.A. 

The Oak Leaf Roller (Archips semiferanus Walker)  Sex P h e r o m o n e  Complex  : Field and 
Laboratory Evaluat ion of Requisite  Behavioral  St imul i  

The  t ree  defo l ia t ing  insec t  Archips semi/eranus Walker ,  
b e t t e r  k n o w n  as t he  oak  leaf  rol ler  m o t h  (OLR), has  
caused  ex tens ive  d a m a g e  in t h e  fores ts  of t he  N o r t h -  
ea s t e rn  U n i t e d  S ta te s  1. A t t e m p t s  to  con t ro l  t h i s  pes t  
b e g a n  w i t h  a c o m p r e h e n s i v e  s t u d y  of t h e  sexual  b e h a v i o r  
of t he  a d u l t  m o t h .  I n  a d d i t i o n  to  d e t e r m i n i n g  t h a t  a 
sex p h e r o m o n e  was p r e s en t  in  O L R  females  e, over  20 
pr inc ip les  3 were ident i f ied  in t h e  a t t r a c t a n t  po r t i on  of 
female  a b d o m i n a l  ex t rac t s .  P rev ious  r epor t s  ~ h a v e  dea l t  
w i t h  chemica l  ana lyses  a n d  syn theses  of t he  a t t r a c t a n t s  
an d  p r e l i m i n a r y  i nves t i ga t i on  of t he i r  ac t iv i ty .  W e  wish  
to r e p o r t  here  on  t he  e v a l u a t i o n  of these  pr inc ip les  b y  
l a b o r a t o r y  e l e c t r o a n t e n n o g r a m  s tudies  a n d  b y  field 
t r a p p i n g  in order  to  b e t t e r  u n d e r s t a n d  t he  role of these  
agen t s  in  t he  sexual  message  of t h e  oak  leaf roller. 

A series of 14 c a r b o n  m o n o u n s a t u r a t e d  ace t a t e  i somers  
wh ich  were found  in t he  oak  leaf rol ler  female  a t t r a c t a n t  
f r ac t ion  were t e s t ed  in field t r a p s  in  P e n n s y l v a n i a  forests.  
17 of t he  21 i somers  t e s t ed  c a u g h t  a g rea te r  n u m b e r  of 
ma le  insec ts  t h a n  cont ro l s  (Figure 1). The  same set  of 
i somers  was t e s t ed  in t he  l a b o r a t o r y  us ing  t he  electro-  
a n t e n n o g r a m  t e c h n i q u e ;  all of t he  i somers  gave  b e t t e r  
e l e c t r o a n t e n n o g r a m  responses  t h a n  cont ro l s  (Figure 2). 
A desc r ip t ion  of these  e x p e r i m e n t s  follow. 

T w e n t y - o n e  Z a n d  E t e t r a d e c e n y l  ace ta t e s  h a v i n g  
double  b o n d s  in t he  2-5  and  7-13 pos i t ions  were syn the -  
sized, pur i f ied  b y  AgNOa t h i n  layer  c h r o m a t o g r a p h y  and  

assessed for p u r i t y  b y  compu te r i z ed  gas c h r o m a t o g r a p h -  
mass  s p e c t r o m e t r y  (GC-MS) a ided  b y  mass  f r agmen to -  
g r a p h y  a. All i somers  were found  to be  b e t t e r  t h a n  97% 
pure  5. Fie ld  e v a l u a t i o n  of t he  a t t r a c t a n c y  of these  
isomers  to  O L R  males  was c o n d u c t e d  in M o s h a n n o n  
S t a t e  Fores t ,  Pa .  (USA), a n  a rea  of h e a v y  O L R  defolia- 
t ion,  f rom Ju ly  5 to  J u l y  16, 1974. 48 v a n e  t r a p s  were 
cons t ruc t ed  as p rev ious ly  descr ibed 6 a n d  a r r anged  in a 
square  b lock  design w i t h  50 m be tween  each  t r ap .  
500 n a n o g r a m s  of each  i somer  were spo t t ed  in a t r a p  
beg inn ing  J u l y  5 and  samples  were rep len i shed  w i t h  t he  
same a m o u n t  eve ry  2 days  un t i l  J u l y  16; dup l ica te  t r a p s  

1 J. O. NICHOLS and J. W. QUIMBY, Pa. Forest Pest Rep. 49, 1 
(1972). 

2 L. B. HENDRY, g. ROMAN and R. O. MU.,aMA, Envir. Entomol. 2, 
1024 (1973). 

3 L. B. HENDRY, M. E. ANDERSON, J. JUGOVICH, R. O. MUMMA, 
D. ROBACKER and Z. KOSARVCH, Science, 787, 355 (1975). 

4 L. B. HENDRY, J. JUGOVICH, L. ROMAN, M. E. ANDERSON and 
R. O. MUM~A, Experientia 30, 886 (1974). - L. B. HENDRY, 
R. J. GILL, A. SANTORA and R. O. ~[UMMA, Entomol. exp. appl. 
77, 459 (1974). - L. B. HENDRY, S. KORZENIOWSKI, D. M~. HINDEN- 
gANG, S. KOSARYCK, R. O. ]VfUMMA and J. JUGOVICI-I, Chem. 
Ecology, in press (1975). 

5 Isomeric purity in most cases was greater than 99%. 
6 L. B. HENDRY, g. CAPELLO and R. O. lVfUMMA, Melsheimer Ento- 

tool. Ser. 76, 1 (1974). 
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were set  for each isomer  and  6 t r aps  were used as controls .  
The n u m b e r  of insects  caught  in each t r ap  was counted  
eve ryday  unti l  the  end of the  expe r imen t  v. Resul t s  of t he  
field t r app ing  are shown in Figure 1. The bars  represen t  
the  to ta l  n u m b e r  of insects  caught  per  t r ap  for each iso- 
mer  minus the  n u m b e r  of insects  caught  in the  controls  
dur ing the  f l ight  per iod of the  oak leaf roller males 8. The 
dai ly n u m b e r  of males  caught  for t he  5 isomers which  
t r apped  the  mos t  O L R  males is represen ted  in Figure  3. 
E l e c t r o a n t e n n o g r a m  (EAG) analyses  were pe r fo rmed  on 
all isomers using the  t echn ique  descr ibed by  ROELOFS 9. 
10 nanogram samples  of each isomer were freshly p repared  
before each set  of tests .  An t ennae  were excised f rom 
virgin male O L R  which  were raised f rom field pupae.  The 
results  which  are recorded in Figure 2 represen t  the  
average of 20 replicates.  In  every  test ,  Z-11- te t radecenyl  
ace ta te  gave the  bes t  male  an t enna l  response.  

I t  is clear f rom Figure  1 t h a i  17 of tile 21 isomers 
t es ted  caught  greater  numbers  of insects  t h a n  b lanks  in 
the  field ; 5 isomers were h ighly  a t t rac t ive .  Tile E A G  da ta  
p resen ted  in Figure 2 indicates  t h a t  all isomers were EAG 
active�9 Compar ison of the  isomer ac t iv i ty  as de te rmined  

by  field t r app ing  and E A G  shows a poor  correlat ion be- 
tween  the  two techniques  in th is  ins tance  ~0. 

Appa ren t l y  tile oak leaf roller is no t  ve ry  specific in 
util izing chemical  signals for its sexual  behavior .  Moreover,  
since oak leaf roller females con ta in  a complex  mix tu re  of 
similar isomers,  i t  is possible t h a t  the  rec ip ient  r a the r  t h a n  
the  emi t t e r  of the  chemical,  in th is  case OL1R males,  are 
responding  to  only a few of the  chemical  messengers.  I t  is 
also plausible t h a t  the  a p p a r e n t l y  homogeneous  oak leaf 
roller infes ta t ion m a y  be evolving subgroups  in which  
males are responding  to separa te  chemicals.  The  observa-  
t ion t h a t  t he  highly  a t t r ac t ive  isomers are act ive on dif- 
ferent  days  would also suppor t  this  pos tula te .  (To our 
knowledge,  th i s i s  the  first  repor t  which suggests  a t empora l  
difference in the  ac t iv i ty  of isomeric sex a t t r a c t a n t s  wi th-  
in a par t icu lar  species). Al ternat ively ,  it  is possible t h a t  
dur ing m a t u r a t i o n  of the  adul t  moth ,  the  males respond to 
d i f ferent  chemical  signaIs a t  d i f ferent  s tages of develop-  
ment .  However ,  none of these theories  are suppor t ed  by  
the  e l ec t roan tennogram analyses.  The discrepancies  
in these  two me t h o d s  of analysis  are no t  clearly under-  
stood�9 Ef for t s  to  fu r ther  e lucidate  the  pa rame te r s  t h a t  are 
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Fig. 1. Total number of oak leaf roller males caught in duplicate traps 
baited with various tetradecenyl acetates minus the number caught 
in blank traps from July 5 16, 1974. 
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Fig. 2. Eleetroantennogram responses of oak leaf roller male antennae 
to 10 ng of various tetradeeenyl acetates. Eaeh bar represents the 
average responses of 20 male antennae. 
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Fig. 3. Daily number of oak leaf roller males caught in duplicate traps 
baited with the 5 most active tetradecenyl acetates�9 The average 
number of males caught in 2 controls is represented as Blank. 

7 Poor weather conditions prevented trap counts on ,july 8 and 
July 10, 1974. 

8 Light traps were used to monitor the oak leaf roller moth popula- 
tion; few moths were trapped before July 5 or after July 16, 1974. 

9 W .  ROELOFS, A.  COIXlEAU, A.  H I L L  a n d  G. M~ILICEVIC, Science 17d, 
297 (1971). - W. L. ROELOFS, J .  P.  TETTE, t~. ~7 TASCHENBERG 
and A. COMEAI;, .J. Insect PhysioI. 17, 2235 (1971). 

10 A similar phenomenon has been reported for another Lepidopteran, 
see Iv[. S. Nf•yER, ,j. Insect Physiol. 19, 1191 (1973}. 
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essent ial  for the  communica t ion  of discrete  chemical  
messages  and the  evo lu t ionary  mechan i sms  which  are 
responsible  for these  p h e n o m e n a  are cur ren t ly  und e rw ay  
and  wilt be  t h e  basis  of subsequen t  repor ts .  

In  order  to  app ly  these  resul ts  to  survey  and  de tec t ion  
of the  oak leaf roller infes ta t ions  or to  the  eventua l  
control  of th is  pest ,  a m ix tu r e  of several  isomers migh t  
prove  to be essential .  In  any  case, i t  is ev iden t  t h a t  sexual 
communica t ion  in the  oak teat roller  and pe rhaps  o the r  
insect  species is exceedingly  complex  and p resen t s  an 
in teres t ing  chal lenge in th is  area of science 1L 

Zusammen/assung. Die Iriiher als Bes tand te i l e  der  von 
A b d o m i n a l e x t r a k t e n  des weibl ichen Eichenbla t t ro l le rs ,  
Archips semi/eranus Walker ,  fes tges te l l ten  21 I someren  
yon  Te t r adeceny l -Ace ta t  wurden  T i t  der  E l ek t roan tenno-  
grain- (EAG) und  der  Fa l lenfang-Methode  auf ihre 
W i rk u n g  bet  Mgnnchen  yon A. semi/eranus gepriift .  
W~thrend alle 21 I somere  sich als EAG-ak t iv  erwiesen, 
v e r m o c h t e n  nur  17 M~tnnchen anzulocken.  AktivitS.ts- 
vergleiche der  I someren  haben  gezeigt,  dass  zwischen den 
Resu l t a t en  der  be iden  Tes t -Methoden  nur  eine geringe 
Beziehung exist ier t .  

11 This work was partially supported by a grant from Research 
Corporation (R.C.-inhibitor No. 3733). We wish to thank M. HIX- 
DENLANG, D. HINDENLANG, G. VAN EPPS, G. GDULLA, L. ROMAN, 
C. EIGENBRODT and W. HENDRY for aiding in counting the traps. 
Authorized as paper No. 4787 in the journal series of the 
Pennsylvania Agricultural Experiment Station. 

12 The Pennsylvania State UniverSity, Department of Entomology 
and Pesticide Research Laboratory, University Park, Penna 16802, 
USA. 

18 Note added in proof: For a possible explanation of these results 
see L. B. HENDRV, J. K. WICHMANN, D. M. HINDENLANG, R. O. 
MUMMA and M. E. ANDERSOn, Science 788, 59 (1975). 
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Effect of Spermine on ~ n y l  Cyclase Activity,of Spermatozoa 

The presence  of large quant i t i es  of spermine  (2-15 raM) 
in h u m a n  seminal  p la sma  has  been repor ted  ~-a. However ,  
the  role of po lyamine ,  if any, in spermatozoa l  mot i l i ty  
and  me tabo l i sm  still r emains  problemat ica l .  TABOR and  
ROSENTHAL 4 have  repor ted  t h a t  add i t ion  of h igh con- 
cen t ra t ion  of spermine  to spe rma tozoa  ob ta ined  f rom 
the  vas deferens  of mice, rats,  guinea-pigs and  rabbi t ,  
p roduced  an unusual  h y p e r a c t i v i t y  charac te r ized  by  
rap id  v ibra t ions  w i thou t  forward  mot ion .  However ,  the  
specif ic i ty  of the  effects of spermine  on spe rm cell 
m o v e m e n t  still  r emains  to  be clearly unders tood .  

Recent ly ,  we have  repor ted  t h a t  mal tase  ac t iv i ty  of 
h u m a n  seminal  p la sma  increased on add i t ion  of spermine  
(up to  3 raM)5. Fur the r ,  i t  was  observed t h a t  spermine  
decreased the  u t i l iza t ion  of fructose by spermatozoa .  
Studies  carr ied out  by  GARBERS, FIRST and LARDY 6 have  
d e m o n s t r a t e d  t h a t  mot i l i ty  can  be induced and prolonged 
in spe rma tozoa  of several  m a m m a l i a n  species, by  cyclic 
nncleot ides.  The  purpose  of the  p resen t  inves t iga t ion  was 
to s tudy  whe the r  po lyamines-spermine ,  spermid ine  and  
put resc ine  would affect  the  spe rma tozoa  adenyl  cyclase 
ac t iv i ty  and consequen t ly  spe rm moti l i ty .  

Activation of adenylate cyclase of human spermatozoa by spermine 
expressed in terms of cyclic AMP produced (pmoles/mg sperm 
protein/10 min) 

Concentration 
of spermine 
(raM) 

Semen samples from fertile donors 

A B C D E F G H 

38 165 20 13 16 49 134 75 
2.9 38 185 38 48 22 78 140 
7.6 105 195 53 57 29 71 ~ 222 

13.4 130 215 ~ 127 �9 88 174 258 

a As the determinations were carried out in duplicate and at 3 levels 
of added spermine, some semen samples did not have sufficient 
number of spermatozoa for the test to be carried at all dose levels. 

(3H) adenosine  3"-5'-cyclic m o n o p h o s p h a t e  (specific ac- 
t iv i ty .  20-30 Ci/mM) was purchased  f rom Radiochemica l  
Centre  (Amersham,  England) .  Spermine  t e t r ahydroch lo -  
r ide was ob ta ined  f rom Sigma Chemical  Co. (USA). 
Semen samples  were ob ta ined  f rom 8 ferfiIe donors  
(samples A to H men t ioned  in the  Table). Af te r  lique- 
fact ion of the  semen samples,  t he  seminal  p la sma  was 
separa ted  f rom spe rmatozoa  by  centr i fuging the  semen at  
800 g for 30 T in .  Seminal  p la sma  was dra ined off and  
spernls  were washed  wi th  3 ml  of Tris-HC1 buffer, 
cent r i fuged and  resuspended  in t he  buffer. P ro te in  
con ten t  of spe rm suspension was de te rmined  according 
to t he  m e t h o d  as descr ibed by  LowRY et al. 7. 

De t e rmina t i on  of adenyl  cyctase ac t iv i ty  was  carr ied 
out  as follows. The incuba t ion  mix tu re  con ta ined  spe rm 
(adjus ted to  mg of spe rm protein)  Suspended in 0.04 M 
Tris HC1 buffer  (pH 7.1), 0.033 M MgSO4., 10 m M  
theophyl l ine ,  1 m M  adenosine  t r iphospha te ,  and different  
concen t ra t ions  of spermine  as indica ted  in t he  Table.  
The to ta l  vo lume of the  reac t ion  mix tu re  was 0.4 ml  and  
the  incuba t ion  was carr ied out  a t  37~ for 10 mill. The 
cAMP was assayed by  the  compe t i t ive  b inding  assay as 
descr ibed by  TSANG et al .S using bovine  adrenocoreical  
receptor  protein .  All the  de t e rmina t ions  were  carried ou t  
in duplicates.  

t A. LEEUWENHOEK (1678) as quoted by T. MA~, in The Bio- 
chemistry of Semen a~r of Mate Accessory Reproductive Tract 
(Methuen & Co., London 1964). 
H. TABOR and C. W. TABOR, Pharmae. Rev. 76, 245 (1964). 
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C. W. TABOR and S. L. ROSENT~AL, J. Pharmae. exp. Ther. 716, 
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A. R. SI~TH, G. V. SHAH and SHANTA S. RAO, Andrologie 6, 347 
(1974). 
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