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I n  c o n t r a s t  w i t h  r ap i d l y  a c c u m u l a t i n g  c o n t r a d i c t o r y  
- reports  conce rn ing  t h e  ac t ion  of cyc l ic -AMP on phago-  
cyt ic  events ,  t he re  are p rac t i ca l ly  no  r epo r t s  a b o u t  t he  
inf luence  of i t s  c o u n t e r p a r t n e r  cycl ic-GMP. 

O t h e r  p a r a m e t e r s  of p h a g o c y t i c  a c t i v i t y  are k n o w n  to 
be  in f luenced  b y  cycl ic-GMP. ESTENSEN et  al. ~0 r epo r t ed  
r ecen t ly  t h a t  cyc l ic -GMP a n d  chol inergic  agen t s  enhance  
d e g r a n u l a t i o n  of P M N  a n d  increase  i ts  l euco tac t ic  ac t iv i ty .  
Cycl ic -AMP inh ib i t s  b o t h  leuco tax is  n a n d  deg ranu la -  
t i on  ~. These  a n t a g o n i s t i c  ac t iv i t i e s  of b o t h  nuc leo t ides  
were also c lear ly  d e m o n s t r a t e d  in our  sys tem.  T he  effect  
of MB (a k n o w n  s t i m u l a t o r  of hexose  m o n o p h o s p h a t e  
shun t )  in  increaMng t he  N B T  r e d u c t i o n  was p rev ious ly  
demonstratediS. It was further shown that ascorbic acid, 
another stimulator of hexose monophosphate shunt ~4, 
also increases the NBT reduction ability of PMN 15. 
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I n  th i s  i n v e s t i g a t i o n  i t  is shown  t h a t  w h e n  leucocytes  
are pre-  i n c u b a t e d  w i t h  cyc l ic -AMP a n d  t h e n  endo tox in ,  
ascorbic  acid or M B  are added,  t h e  s t i m u l a t i n g  effect  of 
e n d o t o x i n  a n d  ascorbic  acid is m a r k e d l y  reduced,  whi le  
t h a t  of M B  is unchanged .  Th i s  m i g h t  sugges t  t h a t  we are 
dea l ing  w i t h  d i f fe ren t  m e c h a n i s m s  of s t i m u l a t i o n  of N B T  
reduc t ion .  A l t h o u g h  our  conclus ions  were m a d e  in-  
direct ly ,  t h e y  s u p p o r t  t h e  p rev ious  suggest ions  ~ a b o u t  t h e  
inf luence  of cyclic nuc leo t ides  on  t he  i n t r ace l lu l a r  
m e c h a n i s m s  d u r i n g  phagocy to s i s  a n d  t he  a n t a g o n i s t i c  
ac t iv i t i e s  of cyc l ic -AMP a n d  cycl ic-GMP. 

Rdsumd. On a 6 tudi6  l ' in f luence  des nuc l6o t ides  
cycl iques  (AMP-cycl ique  e t  GMP-cycl ique)  sur  la r6duc-  
t i on  du  NBT.  L 'AMP-cyc l i que  a ins i  que  la t h6ophy l l i ne  
i n h i b e n t  ce t te  r6duct ion ,  t a n d i s  que  la GMP-cyc l ique  
l ' ac t ive .  La  p r 6 i n c u b a t i o n  de leucocytes  en pr6sence de 
l 'AMP-cyc t ique  a n n u l e  l ' a c t i v a t i o n  de la r 6duc t i on  p a r  
l ' ac ide  a scorb ique  ma i s  ne  l ' in f luence  pus  p a r  le b leu  de 
m6thy lgne .  On p e u t  en  conclure  que  dans  ce sys tgme,  
c o m m e  dans  les aut res ,  ces deux  nucl6ot ides  j o u e n t  u n  
r6Ie d ' a n t a g o n i s t e s .  
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Relative Oxygenase  Activi t ies  in Juveni le  H o r m o n e  Biosynthes i s  of Corpora  Allata of an 
African Locust  (Schistocerca gregaria) and A m e r i c a n  Cockroach (Periplaneta americana) 

All k n o w n  insec t  juven i l e  h o r m o n e s  con t a i n  a 10, t l -  
ox i rane  r i n g  in t he  sesqu i t e rpeno id  m o i e t y  of t he  mole-  
cule 1, and  i t  is be l ieved t h a t  th i s  r ing  is i n t r o d u c e d  a t  t he  
las t  e n z y m a t i c  s tep  in b iosyn thes i s  b y  m o n o - o x y g e n a t i o n  
of t he  co r re spond ing  sesqu i te rpeno id  olefinic es ter  s. I n  
th i s  r epo r t  we concern  ourselves  w i t h  t he  a c t i v i t y  of th i s  
t e r m i n a l  oxygenase  in co rpora  a l l a t a  of 2 insec t  species, as 
revea led  b y  t he  app l i ca t i on  of s h o r t - t e r m  in v i t r o  rad io-  
label led  a s say  procedures .  W o r k  in t h i s  l a b o r a t o r y  2 has  
shown  t h a t  w h e n  corpora  a l l a t a  are t a k e n  f rom adu l t  female  
Schistocerca gregaria, a d d i t i o n  of sesqu i te rpeno id  acid to  
t h e  m e d i u m  resu l t s  in a large increase  in t he  r a t e  of 
b iosyn thes i s  of juven i le  hormone ,  and  t h a t  t he  cor respond-  
ing olefinic es ter  is d e t e c t a b l e  w i t h i n  the  glands.  The  
k ine t ics  of i nco rpo ra t i on  of (methyl-14C) m e t h i o n i n e  and  
(C-2 SH) trans, trans-farnesenic acid in to  b o t h  the  olefinic 
es ter  (me thy l  fa rnesoate)  a n d  t he  10, 11 epoxy  es ter  
(C16JH) conf i rm t h a t  m e t h y l  f a rnesoa te  is t he  i m m e d i a t e  
p recurso r  of t h i s  juven i l e  h o r m o n e  in S. gregaria 8. Here  
we h a v e  c o m p a r e d  the  r a t e  of e p o x i d a t i o n  w i t h  t h e  in t r a -  
cel lular  a m o u n t  0 i  m e t h y l  f a rnesoa te  ove r  a wide r ange  of 
e p o x i d a t i o n  ra t e s  b y  u t i l iz ing  b o t h  t h e  n a t u r a I  v a r i a t i o n s  
in  t h e  b i o s y n t h e t i c  c a p a c i t y  of t h e  g lands  in repro-  
d u c t i v e l y  ac t ive  female  locusts  d u r i n g  t he  course of 
o v a r i a n  m a t u r a t i o n  (TOBE a n d  PRATT, in p r epa ra t i on )  
a n d  t he  effects of g raded  add i t i ons  of farnesenic  acid to  
t h e  i n c u b a t i o n  medium3.  Fo r  c o m p a r a t i v e  purposes ,  we 
h a v e  also e x a m i n e d  t he  r e l a t ionsh ip  wh ich  o b t a i n s  in  
co rpora  a l l a t a  of r ep r oduc t i ve l y  ac t ive  Periplaneta 
americana, whose  p r inc ipa l  juven i l e  h o r m o n e  has  also 
been  ident i f ied  as C16JH (PRATT, u n p u b l i s h e d  da ta )  ~. W e  
shal l  show t h a t  t he re  is a large dif ference in t he  obse rved  
oxygenase  a c t i v i t y  of t h e  g lands  f rom t h e  2 species a n d  t h a t  

in  t he  c a s e  of t he  locust ,  t he re  is no  ev idence  t h a t  th i s  is 
normal t : r  a r a t e - l i m i t i n g  s tep  in  juven i l e  h o r m o n e  bio-  
syn thes i s .  

3/Iethods. Anima l s  were rea red  as p rev ious ly  de- 
scr ibed ~,a; t he  female  locusts  e m p l o y e d  were of k n o w n  
age be tween  5 a n d  20 days  old, female  cockroaches  were 
of u n k n o w n  age t a k e n  a t  d i f fe ren t  i n t e rva l s  t h r o u g h o u t  
t he  ov ipos i t ion  cycle. The  p rocedures  for p r e p a r a t i o n  of 
rad io- labe l led  i n c u b a t i o n  media ,  i n c u b a t i o n  of t he  glands ,  
ex t rac t ion ,  s e p a r a t i o n  a n d  q u a n t i t a t i o n  of t he  p r o d u c t s  
b y  r ad io -TLC and  l iquid  sc in t i l l a t ion  s p e c t r o m e t r y  were 
iden t i ca l  to, or m i n o r  modi f i ca t ions  of, those  descr ibed  
elsewhere~, a. I n  m a n y  of t he  expe r imen t s ,  t i s sue  cu l tu re  
m e d i u m  199 (wi thou t  g lu tamine ,  b i c a r b o n a t e ;  w i t h  
H E P E S  buffer  20 mM,  p H  7.2) (Flow Cont ro l  L a b o r a -  
tor ies  Ltd.)  se rved  as t he  basis  of t he  rad io- labe l led  
i n c u b a t i o n  med ium.  L-meth ion ine  was a lways  p r e sen t  a t  a 
f ina l  c o n c e n t r a t i o n  of 0.29 m M  a n d  (methyl-14C) me th io -  
n ine  (Amersham-Sear le )  was  p r e sen t  a t  f ina l  specific 
r ad ioac t iv i t i e s  of 10.5 to 36.6 m C i / m m o l  in d i f fe rent  
expe r imen t s .  W h e n  presen t ,  (C-2 SH) trans, trans f a m e -  

1 C16j H: methyl, 10, ll-epoxy-3,7,11-trimethyl4rans, trans, 10R-2, 
6-dodecadienoate; C17JH: methyl 10, ll-epoxy-3, 7, 11-trimethyl- 
trans, trans, cis 10R, 11S-2,6-tridecadienoate; ClsJH: methyl 10, 
ll-epoxy-3,11-dimethyl-7-ethyl-trans, trans, cis 10R, llS-2,6-tri- 
decadienoate. 
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senic acid was employed  a t  a specific r ad ioac t iv i ty  of 
25 mCi/mmol ,  in concent ra t ions  ranging f rom 4.8 to 
24 tLM. The iden t i ty  of the  radio-label led hormone  released 
f rom corpora  a l la ta  of P. americana, was fur ther  con- 
f i rmed by  radio-GLC on 1.8 m columns of neutra l ized 
Carbowax 20M on Gas-Chrom Q, using isomeric mix tures  
of au then t i c  non- rad ioac t ive  juveni le  hormones  as 
in ternal  reference compounds.  The  quant i t ies  of me thy l  
farnesoate  wi th in  the  glands, and the  rates of C16JH 
biosynthesis  were calculated f rom tile incorpora t ion  of 
radio-label led methionine ,  based upon its known specific 
r ad ioac t iv i ty  in the  medium.  All incubat ions  were carried 
out  for a per iod of 3 h. I l l  some exper iments  the  m e d i u m  
was separa ted  f rom the  glands at  t i le end of the  incubat ion  
pr ior  to ex t rac t ion  ; in these cases the  to ta l  C~6JH present  
in glands and m e d i u m  was used to calculate  the  average  
ra te  of biosynthesis  of hormone.  

Results and discussion. The corpora a l la ta  of P .  
americana resemble those of S. gregaria in t h a t  t h e y  are 
capable  of eff iciently incorpora t ing  exogenously  supplied 
(C-2 8H) trans, trans-farnesenic acid into double-label led 
C~6JH when incubated  in sui table media  conta in ing  
(methyl  ~4C) inethionine.  Moreover,  in all exper iments  
using corpora a l la ta  of similar  de novo b iosynthet ic  
capaci ty ,  addi t ion  of farnesenic acid to the  med ium 
brought  about  an increase in the  rate  of hormone  synthesis.  
However ,  there  are marked  q u a n t i t a t i v e  differences 
be tween  the  glands of the  2 species. We have  observed in 
the  case of corpora a l la ta  f rom S. gregaria t h a t  the  addi-  
t ion of o p t i m u m  concent ra t ions  of farnesenic acid to ti le 
med ium may,  depending upon the  physiological  s ta te  
of the  glands, br ing about  increases of f rom 2-fold up to 
100-fold ill the  ra te  of hormone  synthesis.  However ,  its 
addi t ion  to incubat ions  of glands f rom _P. americana 
rare ly  increases thei r  ra te  of synthesis  by  more than  
5-fold, and f requent ly  by  as l i t t le  as 1.5-fold. This lower 
capac i ty  of cockroach corpora a l la ta  to uti l ize exogenous 
farnesenic acid to p romote  ve ry  h igh  rates of C16JH 
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Fig. 1. Relationship between the rate of C16JH synthesis and the 
intraglandular content of methyl farnesoate in corpora allata of a) 
S. gregaria and b) P. americana, as revealed by the incorporation of 
[methyl-14C]methionine. O, addition of farnesenie acid to the 
medium; O, no addition of farnesenic acid. 

synthesis  cannot  be due to res t r ic ted pene t ra t ion  by, or 
intra-cel lular  t ransport ,  of the  acid as evidenced by the  
large quant i t ies  of me thy l  farnesoate  which accumula te  
wi th in  the  glands dur ing incubat ion.  This indicates  
t h a t  the  exogenous in te rmedia te  has facile access to the  
b iosynthet ic  pa thway  in the  corpora a l la ta  of bo th  
species, and t h a t  i t  is rapid ly  esterified to  the  olefinic 
ester, p resumably  using S-adenosyl  meth ionine  8. Thus the  
observed differences can only be a t t r ibu ted  to differences 
be tween  the  2 species in the  act ivi t ies  of the  t e rmina l  
oxygenase  enzymes.  

In  Figure  1 we correlate the  observed ra te  of epoxida-  
t ion to C16 J H  wi th  the  q u a n t i t y  of me thy l  farnesoate  in 
the  glands of these 2 insect species during bo th  de novo 
biosynthesis  and farnesenic acid s t imula ted  synthesis.  
Since there is as ye t  no informat ion  on the  iden t i ty  or 
spat ia l  dimensions of the  intracel lular  c o m p a r t m e n t  which 
contains  the  substrate  for the oxygenase,  i t  is not  possible 
to express the  a m o u n t  of me thy l  farnesoate  ill t e rms  of 
concent ra t ion  sensu strictu.  Indeed,  much  of the  massive  
amounts  of this mater ia l  accumula t ing  wi th in  the  corpora 
a l la ta  of P. americana, when supplied wi th  exogenous 
farnesenic acid, m a y  well be dissolved in some l ipoidal  
c o m p a r t m e n t  of the  cell which is not  in di rect  contac t  
wi th  the  enzyme.  I t  is clear f rom Figure  1 that ,  despite 
the  large biological  var ia t ion,  there  is real  difference 
be tween  the  oxygenase systems in these 2 insects. In  
corpora  a l la ta  f rom S. gregaria there  appears  to be a 
general  p ropor t iona l i ty  be tween  the  ra te  of epoxida t ion  
and the  glandular  conten t  of me thy l  farnesoate  af ter  3 h 
incubat ion.  There is no evidence t h a t  the  oxygenase  
becomes sa tura ted  wi th  substrate ,  even a t  the  highest  
ra tes  achieved (up to 160 pmol /pa i r  glands/h).  Clearly the  
epoxida t ive  capac i ty  of these glands is normal ly  much  
greater  t h a n  the i r  capac i ty  for esterif ication.  By  contrast ,  
the  corpora a l la ta  of P. americana have  a s t r ic t ly  l imi ted 
expox ida t ive  capaci ty  and are rare ly  capable  of exceeding 
a ra te  of 25 pmol /pa i r  glands/h, despite hav ing  a ve ry  
ac t ive  ester if icat ion sys tem which can lead to the  accu- 
mula t ion  of over  150 pmol  of me thy l  farnesoate  per  pair  
glands after  3 h. As shown in F igure  1, these large accu- 
mula t ions  of me thy l  farnesoate  have  no t  been observed 
under  condit ions of de novo synthesis  thus  far, which m a y  
be evidence of a feed-back mechan ism which normal ly  
regulates  the  ra te  of synthesis  of farnesenic acid so as to 
p r even t  to ta l  sa tura t ion  of the  oxygenase enzyme by  
me thy l  Iarnesoate.  

Dur ing  our in v i t ro  incubat ion  the  m e d i u m  surrounding 
the  glands is kep t  in gaseous equi l ibr ium wi th  the  at-  
mosphere  by  gentle shaking. I t  is known t h a t  increasing 
the  percentage  of oxygen in the  gas phase to 100% does 
not  increase the  ra te  of epoxida t ion  by  S. gregaria 
corpora a l la ta  3. In  the  in tac t  animal ,  the corpora a l la ta  
are supplied wi th  oxygen  via  the  t racheal  system. W h e n  
freshly d issec ted  corpora a l la ta  are observed micro-  
scopically, the  number  of t racheoles enter ing the  glands is 
easily visible:  F igure  2 i l lustrates the  contras t  be tween 
typ ica l  specimens f rom each species. I t  is of in teres t  to 
observe t h a t  the  corpora a l la ta  of S. gregaria have  a 
high level  of oxygenase  ac t iv i ty  and are r ichly  endowed 
wi th  t racheolar  end-cells, whereas  those of P .  americana 
have  a l imi ted oxygenase  ac t iv i ty  and are ve ry  poor ly  
supplied wi th  tracheoles.  The corpora a l la ta  of S. gregaria 
have  the  appearance  of a h ighly  aerobic tissue, and this  
could reflect  bo th  the  demands  of the  t e rmina l  oxygenase  

6 D. REIBSTEIN and J. H. LAw, Biochem. biophys. Res. Commun. 
55, 266 (1973). 



122 Specialia EXPERIENTIA 31]1 

Fig. 2. Freshly dissected corpora 
allata from aduIt females of a) 
S. gregaria, and b) P. americana, 
viewed under dark-field illumina- 
tion. The glands are approximately 
300 ~in in diameter. The traeheoles 
are easily visible. 

s y s t e m  and  of t he  aerobic  r e sp i r a t ion  requ i red  to  s u p p o r t  
h i g h  ra t e s  of de novo  b iosyn thes i s  of juven i l e  h o r m o n e  
d u r i n g  per iods  of m a x i m u m  g l andu la r  a c t i v i t y  7. 

Rdsumd. Nous  a v o n s  compa r6  in v i t r o  dans  les co rpo ra  
a l l a t a  de femelles adu l t e s  de sautere l ]es  (Schistoeerca 
gregaria) et  de ca fa rds  (Periplaneta americana) le t a u x  de 
compos i t i on  de la m 6 t h y l  f a rnesoa te  ma rqu6e  e t  son 

We are grateful to Miss M. M. BLIGHT and Dr. A. F. WHITE for 
supplying reference compounds. S. S. TOBE acknowledges receipt 
of a Post-doctoral Fellowship from the National Research Council 
of Canada. 

e p o x y d a t i o n  due  f, l ' h o r m o n e  juv6ni le  C~6. Chez les 
sauterel les ,  u n  surc ro i t  d ' ac ide  fa rn6s ique  s t imu le  
I ' es t6r i f ica t ion  et  l ' 6poxyda t ion ,  t a n d i s  que  chez les 
cafards,  u n e  a c c u m u l a t i o n  de m 6 t h y l  f a rnesoa te  dans  les 
g landes  et  1,indice d ' u n e  s a t u r a t i o n  de l ' e n z y m e  oxyg6nase .  
Cet te  c o n t e n a n c e  o x y d a t i v e  plus  basse  des g landes  de 
ca fa rd  est  en  r a p p o r t  avec  leur  t r a c h 6 o l a t i o n  peu abon-  
dan te .  
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Chemistry and Physiology, The University o/ Sussex, 
Falmer, Brighton (Sussex B N /  9Q J, England), 
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Pinealectomy Inhibits Stimulation of Testicular Development by Long 
Photoperiods in a Hamster (Phodopus sungorus) 

I n  m a m m a l s  t he  p inea l  is genera l ly  a s sumed  to  h a v e  
a n t i g o n a d o t r o p h i c  effects, wh ich  are increased  b y  da rknes s  
or sho r t  pho toper iods ,  and  suppressed  b y  l igh t  or long  
p h o t o p e r i o d s  x, 2. REITER~ has  sugges ted  t h a t  u n d e r  long  
pho tope r iods  'all  an ima l s  are ef fec t ively  ' p inea l ec tomized '  
s ince pho t i c  i n f o r m a t i o n  is k n o w n  to  be  i n h i b i t o r y  to  
p inea l  func t ion ' .  E x p e r i m e n t s  in  2 species of h a m s t e r s  
co r robo ra t ed  t h i s  con jec tu re :  in  an ima l s  k e p t  in  long  
pho toper iods ,  no effect  of p i n e a l e c t o m y  on t e s t i cu la r  
a c t i v i t y  was observed,  while  t he  gonada l  regress ion w h i c h  
is n o r m a l l y  b r o u g h t  a b o u t  b y  sho r t  p h o t o p e r i o d s  could  be 
p r e v e n t e d  b y  p i n e a l e c t o m y  3,4. However ,  these  obse rva -  
t ions  were m a d e  in  h a m s t e r s  t h a t  h a d  been  k e p t  in  long 
pho tope r iods  before  p inea l ec tomy ,  a n d  had  large a n d  
ac t ive  gonads  a t  t h a t  t ime.  I n  sexua l ly  qu iescen t  female  
ferrets ,  on  t he  o the r  hand ,  in  w h i c h  long p h o t o p e r i o d s  can  
induce  es t rus  a l r eady  in midwin t e r ,  th i s  p r e m a t u r e  onse t  
of es t rus  was de layed  b y  p i n e a l e c t o m y  5. In  v iew of these  
discrepancies ,  t he  effect  of p i n e a l e c t o m y  u n d e r  long a n d  
sho r t  p h o t o p e r i o d s  was t e s t ed  in males  of t h e  D j u n g a r i a n  
h a m s t e r  Phodopus sungorus, a species in w h i c h  m a r k e d  

pho tope r iod ic  r eac t ions  h a v e  been  described4,  6-s. The  
e x p e r i m e n t  was  s t a r t e d  in w i n t e r  w h e n  t h e  an i ma l s  were 
sexua l ly  quiescent .  

Males were used t h a t  h ad  been  k e p t  u n d e r  n a t u r a l  l i gh t  
condi t ions .  B e t w e e n  J a n u a r y  4 t h  a n d  8th,  22 h a m s t e r s  
were p inea l ec tomized  (P) fol lowing t h e  m e t h o d  g iven  b y  
HOFFMAN a n d  I~EITER 9. Nine  h a m s t e r s  were sham-  
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