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re logram a t  t h e  20-day period.  17 of t he  21 sub jec t s  showed 
a pos i t ive  va lue  a t  th i s  poin t ,  s t a t i s t i ca l ly  s ign i f ican t  a t  
t he  p < 0.01 level  (sign tes t ,  two- ta i led) .  Auto-cor re la -  
t ion  a t  t he  21-day per iod  is s imi la r ly  s t a t i s t i ca l ly  signifi- 
c a n t  a t  t he  p < 0.05 level, w i t h  15 o u t  of 21 showing  a 
pos i t ive  value.  There  are no  o t h e r  s ign i f i can t ly  pos i t ive  
au to -co r r e l a t i ons  in  t he  spec t rum.  Cross-corre la t ion  fails 
to  show a n y  clear  peak.  This  ind ica tes  t h a t  t he  f luc tua-  
t ions  p roduc ing  pos i t ive  au to -co r re l a t ions  a t  20 a n d  21 
days  are b y  no means  s inusoidal .  
F igure  2 shows t h e  resul t s  of f r equency  analys is  on the  
t ime  a t  which  sub jec t s  m a d e  t h e i r  recordings .  The  cross- 
cor re logram shows a clear  p e a k  a t  7 days,  b u t  no p e a k  a t  
20 or 21 days.  The  au to -co r r e log ram shows s t a t i s t i ca l ly  
s ign i f ican t  peaks  a t  t h e  7-day i n t e rva l  a n d  s u b s e q u e n t  
ha rmonics .  
The  'Ale r tness -Dul lness '  au to -co r r e log ram showed smal l  
peaks  a t  21 a n d  23 days,  and  a s ign i f i can t ly  pos i t ive  
va lue  a t  t he  22-day i n t e r v a l  (p < 0.05; sign test ,  two-  
tai led).  Ana lyses  of t he  o the r  se l f - repor ted  mood  and  
sleep q u a l i t y  scales showed no clear  ev idence  of per iod-  
icity. 
Discussion. The  cor re lograms  shown  in f igure 2, of t i m e  
of day,  requi re  some i n t e r p r e t a t i o n .  In  general ,  if t he  

au to -co r r e l a t i on  a t  1 per iod  is h i g h l y  pos i t ive ,  then ,  
i nev i t ab ly ,  au to -co r re l a t ions  a t  e v e r y  s u b s e q u e n t  ha r -  
monic  of t h a t  pe r iod  will be s imi la r ly  h i g h l y  posi t ive,  
unless  t he re  is a phase  shift .  T h e  a p p a r e n t  p e a k  in t he  
'T ime '  au to -co r r e log ram a t  21 days ,  l ike t he  s l ight ly  
larger  one a t  14 days,  is p r o b a b l y  a r t e f a c t n a l  and  p roduced  
b y  t he  h igh  au to -co r r e l a t i on  a t  t he  7 -day  in te rva l .  (There 
would  be  no ques t ion  of phase  shif t ,  s ince all sub jec t s  
were a l m o s t  c e r t a in ly  s t rong ly  e n t r a i n e d  b y  our  ca lender  
week.) Cross-corre la t ion  shows no  h i n t  of a peak  a t  21 
days.  I t  is there fore  un l ike ly  t h a t  t he  obse rved  20-day  
pe r iod ic i ty  in t e m p e r a t u r e  was m e d i a t e d  t h r o u g h  va r i a -  
t ions  in t he  t ime  a t  wh ich  t he  record ings  were made.  
I t  is t e m p t i n g  to  specula te  t h a t  t h e  r epo r t ed  per iodici t ies  
in  s te ro id  excre t ion  ~, a n d  p i t c h  pe rcep t ion  2, l ike t he  
v a r i a t i o n s  in  t e m p e r a t u r e ,  and  p e r h a p s  even  mood,  re- 
p o r t e d  here,  are man i f e s t a t i ons  of some s tab le  in t r ins ic  
r h y t h m  in t he  h u m a n  male.  I t  will be  necessa ry  to  ca r ry  
o u t  p ro longed  series of m e a s u r e m e n t s  before  a n y t h i n g  
can  conf iden t ly  be said a b o u t  e i t he r  t h e  shape  of the  
t e m p e r a t u r e  cycle, or i ts  phase  r e l a t i on  to  a n y  o t h e r  
cycles. The  ev idence  p r e sen t ed  here,  however ,  s u p p o r t s  
t he  n o t i o n  of a t e m p e r a t u r e  cycle of a b o u t  20 days  per iod 
length .  
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Summary. The  loca t ion  of t he  t e r m i n a l  oocytes  (T) in  the  o v a r y  of t he  dese r t  locus t  d i c t a t e s  w h e t h e r  t he  p e n u l t i m a t e  
oocytes  (T-l)  will en t e r  v i te l logenesis  - as long as t he  T oocytes  are r e t a ined  w i t h i n  the  ovarioles ,  v i te l logenes is  in T-1 
oocytes  is p reven ted .  W h e n  t he  T oocytes  are o v u l a t e d  in to  t he  ov iduc t ,  g r o w t h  of t he  T-1 oocy tes  (new T) resumes.  
I n h i b i t i o n  of vi te l logenesis  in T-1 oocytes  is no t  due  to  low r a t e s  of J H  b iosyn thes i s  since h igh  r a t e s  of J H  b iosyn thes i s  
were obse rved  in an imal s  in  wh ich  T ooeytes  were r e t a ined  in t he  ovarioles .  

Oocyte  g r o w t h  in m a n y  insects  is a h igh ly  coo rd ina t ed  
synch ronous  process,  w i t h  b a t c h e s  of oocytes  m a t u r i n g  
a t  the  same  ra t e  for ov ipos i t ion  a t  t he  same t ime.  I n  these  
insects,  on ly  t he  t e r m i n a l  oocy tes  in i nd iv idua l  ovar ioles  
r each  m a t u r i t y  du r ing  a n y  g iven  r ep r oduc t i ve  cycle. This  
implies  t h a t  t he  p e n u l t i m a t e  a n d  younge r  oocytes  are 
p r e v e n t e d  f rom comple t i ng  m a t u r a t i o n .  Th i s  i nh ib i t i on  
usua l ly  invo lves  the  a r r e s t  of g r o w t h  in t he  p e n u l t i m a t e  
oocytes  (T-l) ,  as long as t he  t e r m i n a l  oocytes  (T) are  re- 
t a i n e d  w i t h i n  the  female  r e p r o d u c t i v e  sys tem.  Thus ,  in 
females  bea r ing  oothecae,  in  females  r e t a i n i n g  m a t u r e  
oocytes  a n d  in females  r ea red  in t he  absence  of males,  t he  
u l t i m a t e  effect  of th i s  i n h i b i t i o n  is to  p r e v e n t  t h e  g r o w t h  
and  m a t u r a t i o n  of T-1 a n d  y o u n g e r  oocytes  2. The re  are 
a t  p r e s e n t  two  types  of i n h i b i t i o n  of oocy te  m a t u r a t i o n  
which  h a v e  been  p o s t u l a t e d  to  ope ra t e  in  insects.  The  
f i rs t  of these,  wh ich  ha s  been  h y p o t h e s i z e d  to func t ion  in 
housefl ies,  o v o v i v i p a r o u s  cockroaches  a n d  t he  H e m i p t e r a n ,  
I p h i t a  l imba t a ,  suggests  t h a t  a h u m o r a l  fac to r  is re leased 
f rom the  r e p r o d u c t i v e  s y s t e m  wh ich  t h e n  ac ts  u p o n  t he  
corpus  a l l a t u m  (CA), p r e v e n t i n g  t he  release of t he  juven i le  
h o r m o n e  (JH)  3-,. Accordingly ,  egg p r o d u c t i o n  is reduced  
or s topped,  since t i le m a t u r a t i o n  of oocytes  in  m o s t  in- 
sects  requi res  t he  p resence  of ' a c t i ve '  CA 2. T he  second 
h y p o t h e s i s  does n o t  invo lve  t he  release of J H  f rom the  
CA b u t  r a t h e r  pos tu l a t e s  t h a t  a fac to r  is re leased f rom the  
ovar ies  wh ich  ac ts  d i r ec t ly  u p o n  the  fol l icular  ep i the l i um 
to p r e v e n t  t h e  u p t a k e  of v i t e l logen in  b y  t he  m a t u r i n g  

oocytes ;  such  a m e c h a n i s m  has  b e e n  p o s t u l a t e d  in 
R h o d n i u s  pro l ixus  7, 8. 
I n  t he  deser t  locus t  Schis tocerca  gregar ia ,  T-1 oocytes  do 
n o t  en t e r  vi te l logenesis  in n o r m a l  females  as long as e i the r  
m a t u r i n g  or m a t u r e  T oocytes  are p r e s e n t  9,1~ T h u s  i t  
s eemed  l ikely t h a t  some t y p e  of i n h i b i t i o n  ope ra t ed  to 
p r e v e n t  T-1 oocytes  becoming  vi te l logenie .  H i g h n a m  n 
sugges ted  t h a t  t he  presence  of m a t u r e  oocytes  a t  leas t  
p a r t i a l l y  res t r i c ted  t he  a c t i v i t y  of t h e  CA. The  h y p o t h e -  
sized mode  of ac t ion  of th i s  i n h i b i t o r y  f ac to r  in S. gregar ia  
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is s imilar  there fore  to  t h a t  subsequen t ly  sugges ted  for t he  
housefly,  Musca domestica~,*.  However ,  r ecen t ly  Leal~ 
has  cas t  d o u b t  on the  na tu re  of the  inh ib i t ion  in M. do- 
mes t ica  and  has  suggested,  on the  basis of a l l a t ec tomy 
exper iments ,  t h a t  t he  factor(s) involved in p reven t ing  
oocyte  g rowth  in p e n u l t i m a t e  oocytes  does no t  opera te  
t h r o u g h  the  inhib i t ion  of J H  release f rom the  CA. Similar-  
ly, in R. prolixus,  the  an t igonado t rop in  has  been  pos tu -  
la ted  not  to  ac t  a t  the  level of the  CA to p r e v e n t  J H  re- 
lease~, 8. I r epor t  here  on the  inhib i t ion  of g rowth  in T-1 
oocytes  of S. gregaria  and  show conclusively  t h a t  th is  
fac tor  does not  opera te  b y  inhib i t ing  the  synthes is  and  
release of J H  by  CA. 
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Fig. 1. Relationship between lengths of mature terminal (T) oocytes 
and penultimate oocytes (T-l) in Schistocerca gregaria. Dotted line 
represents the length at which chorionation occurs in T oocytes and 
hatched area indicates size range over which oocy_tes begin active 
vitellogenesis. Solid circles represent animals in which T oocytes have 
been retained within the ovarioles and open circles represent animals 
in which T ooeytes have beei1 ovulated into the oviducts. 
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Fig. 2. Relationship between length of T-1 oocytes (solid circles) or 
new T oocytes (open circles) and rate of synthesis of C16 Juvenile 
hormone by individual pairs of corpora allata from S. gregaria, as 
revealed by the incorporation of [methyl-14C]-methionine in vitro. 
Hatched area indicates size range over which ooeytes begin vitello- 
genesis. In animals in which vitellogenesis in new T oocytes has begun 
(open circles), one wave of ooeytes has been matured and ovulated 
into the oviducts while in animals in which the T-1 ooeytes have not 
become vitellogenic (solid circles), the mature T oocytes have been 
retained within the ovarioles. 

Methods .  Locus ts  were  reared as prev ious ly  descr ibed 10. 
All locusts employed  were b e t w een  12 and  14 days  old, 
since we have  prev ious ly  d e m o n s t r a t e d  t h a t  under  our  
rear ing regime, m a t u r a t i o n  of the  f i rs t  wave  of oocytes  is 
comple ted  by  12 days  af ter  f ledging 10. Locus ts  were no t  
p rovided  w i t h  d a m p  sand  for ovipos i t ion  so t h a t  t h e y  
would be forced to  re ta in  the i r  ma tu re  oocytes.  Ovaries 
and  CA were d issec ted  f rom unanaes the t i zed  animals  
under  c i t ra te- for t i f ied  Ringer  solut ion 1~ in a sterile en- 
v i r o n m e n t  and the  lengths  of T and  T-1 oocytes  were 
measured  using an ocular  micrometer .  Only locusts  which  
con ta ined  chor iona ted  oocytes  in e i ther  the  oviducts  or 
wi th in  the  ovarioles were employed  (see below) ; the  pre-  
sence of the  chor ion on oocytes  re ta ined  wi th in  the  
ovarioles can be easily de t e rmined  by  the  presence of a 
d is t inc t ive  whi te  cap on the  p rox imal  end of each oocyte  
and  By the  d i s t inc t ive  sur tace  sculp tur ing  observed on 
oocytes  dissected f rom ovarioles.  
The b iosyn the t i c  act ivi t ies  of the  CA f rom individual  
animals  were d e t e r m i n e d  f rom the  incorpora t ion  of the  
m e t h y l  mo ie ty  of [methyl-14C]-methionine (Amersham-  
Searle; final specific ac t iv i ty  36 mCi/mmole)  into C1,JH 
( JH I I I ;  methy l ,  10,11-epoxy-3,7 ,11- t r imethyl- t rans ,  
t rans-2 ,6-dodecadienoa te )  dur ing  a 3-h- incubat ion in 
v i t ro  a t  37 ~ In  some exper iments ,  the  med i u m and CA 
were sepa ra ted  a t  t he  end of the  incuba t ion  and ex t r ac t ed  
separa te ly ,  while in o thers  t h e y  were ex t r ac t ed  together .  
The  procedures  for p r epa ra t i on  of t he  incuba t ion  med ium 
and  for the  ex t rac t ion ,  separa t ion  and  q u a n t i t a t i o n  of the  
radiolabeled CI~JH have  been  descr ibed previously  l~ 
Resu l t s  a n d  d i s cus s ion .  E a c h  of the  pai red ovaries of S. 
gregaria consists  of a p p r o x i m a t e l y  50 indiv idual  ovarioles. 
Mature  chor iona ted  T oocytes  are ovu la ted  into the  la tera l  
oviducts  (to awai t  oviposit ion) af ter  the  comple t ion  of 
chor iona t ion ;  however ,  these  chor iona ted  oocytes  are 
re ta ined  wi th in  t he  ovarioles for a shor t  t ime pr ior  to the  
rup tu re  of the  follicular ep i the l ium and  the  subsequen t  
ovula t ion  of the  T oocytes  in to  t he  oviducts .  By  dis- 
sect ing large n u m b e r s  of an imals  of appropr ia te  age, 
animals  w i th  re ta ined  chor iona ted  oocytes  can be obta ined.  
The locat ion of the  ma t u r e  T oocytes  is i m p o r t a n t  to the  
d e v e l o p m e n t  of t he  T-1 oocytes.  Figure  1 shows t h a t  as 
long as ma tu re  T oocytes  are re ta ined  w i t h i n  the  ovarioles,  
t he  T-1 oocytes  do n o t  become vitel logenic (solid circles). 
We  have  prev ious ly  es tab l i shed  t h a t  oocytes  become 
vitel logenic over  t he  size range 1.84-2.00 m m  10 and  
figure 1 shows t h a t  in only  one ins tance  did the  T-1 
oocytes  exceed the  2.00 m m  range,  as long as ma tu re  T 
oocytes  were p r e s en t  in the  ovarioles.  However ,  as soon 
as ovula t ion  had  occurred,  t he  former  T-1 oocytes  (new 
T oocytes) en te red  vi tel logenesis  and  rap id ly  increased in 
l eng th  (figure 1, open  circles). Thus  figure 1 shows con- 
clusively t h a t  the  presence  of ma t u r e  oocytes  wi th in  the  
ovarioles p r ev en t s  t he  T-1 oocytes  f rom enter ing  vitello- 
genesis;  the  locat ion of t he  m a t u r e  T oocytes  is therefore  
an . indicator of t he  vi te l logenic s t a t e  of the  T-1 oocytes.  
Previous  repor t s  have  d e m o n s t r a t e d  t h a t  l i t t le g rowth  
occurs in the  T-1 oocytes  as long as the  T oocytes  are 
vitel logenic 9,10 and  i t  has  been  suggested t h a t  t he  absence 
of g rowth  in the  T-1 oocytes  is due in p a r t  to a compet i t ion  
be tween  T and  T-1 oocytes  for avai lable  nu t r i en t s  15, ~. 
Figure  1, however ,  clearly shows a unique  s i tua t ion  where  

12 A. O. Lea, J. Insect. Physiol. 21, 1747 (1975). 
13 G. E. Pratt and S. S. Tobe, Life Sci. 14, 575 (1974). 
14 S. S. Tobe and G. E. Pratt, Biochem. J. 144, 107 (1974). 
15 K. C. Highnam, O. Lusis and L. Hill, J. Insect. Physiol. 9, 587 

(1963). 
16 K. C. Highnam, Proe. int. Study Conf. Future Probl. Acridol., 

Lond., p. 123 (1970). 
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there  is no longer  compe t i t ion  for nu t r i en t s  and  ye t  
g rowth  of the  T-1 oocytes  is p reven ted .  This suggests  t h a t  
the  even t  Of ovula t ion  is physiological ly  i m p o r t a n t  to  the  
an imal  in releasing the  inhib i t ion  of the  T-1 oocytes.  The 
na tu re  of this  inhib i t ion  is unknown,  a l though  in o the r  
insects  i t  has  been suggested to  be humora l  a, a. I t  would 
be of in te res t  to de te rmine  if the  locat ion of the  T oocytes  
in M. domes t ica  reproduc t ive  t r ac t  influences the  pro-  
duc t ion  or mode  of ac t ion of the  oostat ic  factor .  However ,  
it  is possible t h a t  the  na tu re  of the  inhib i t ion  differs in 
houseflies and locusts,  par t i cu la r ly  in view of the  fact  t h a t  
in o ther  flies (Glossina), the  presence  of ma tu r e  oocytes  
wi thin  the  ovarioles does no t  p r even t  the  m a t u r a t i o n  of 
o ther  oocytes  in the  same and  o ther  ovarioles 17. 
The resul ts  p re sen ted  above d e m o n s t r a t e  t h a t  in S. gre- 
garia, the  g rowth  of the  T-1 oocytes  is inhib i ted  by  the  
presence of m a t u r e  chor iona ted  T oocytes  within the  
ovarioles bu t  not by  T oocytes  in the  oviduct .  Using th is  
informat ion ,  I have  examined  the  ac t iv i ty  of the  CA in 
animals  in which the  g rowth  of T-1 oocytes  was inhib i ted  
and  in animals  in which ovula t ion  had  occurred,  to de- 
t e rmine  if inhib i t ion  of oocyte  g rowth  -was the  resul t  of 
' inac t iv i ty '  of the  CA and  conversely,  if act ive vitello- 
genesis and g rowth  of oocytes  could be associa ted wi th  
high CA 'ac t iv i ty ' .  Figure 2 shows t h a t  the  ra te  of syn-  
thesis  of C1GJH in animals  wi th  inhib i ted  T-1 oocytes  is 
h igh in m a n y  ins tances  (solid circles) while in animals  
in which ovula t ion  had  occurred,  the  ra te  of J H  synthes is  
is lower (open circles). The mean  ra te  of J H  synthes is  
in animals  wi th  inh ib i ted  T-1 oocytes  ~ 13.5 pmole  h 1 
per  pair  (n = 31) whereas  in animaIs  which had  ovula ted ,  

m e a n  J H  syn the t i c  ra te  = 8.0 pmole  h 1 per  pai r  (n = 
18). Figure  2 d e m o n s t r a t e s  conclusively t h a t  in S. gre- 
garia, the  inhib i t ion  of g rowth  in T-1 oocytes  is no t  t he  
resul t  of CA inact iv i ty ,  co n t r a ry  to previous  suggest ions  11. 
I t  m i g h t  be argued t h a t  our assay procedure  in v i t ro  does 
n o t  accura te ly  ref lect  t he  syn the t i c  capabi l i t ies  of the  CA 
in vivo. The va l id i ty  of our assay has been  discussed else- 
where  1~ and we are conf iden t  t h a t  it  accura te ly  reflects  
the  ac t iv i ty  of the  glands  in vivo. I t  should also be no ted  
t h a t  under  all expe r imen ta l  condi t ions  used to date,  syn-  
thes is  of J H  in the  CA of S. gregaria is followed im- 
media te ly  by  release 18 thus ,  there  is no s torage of J H  
wi th in  the  CA. In  the  p re sen t  exper iments ,  by  de te r -  
mining  the  C16JH co n t en t  of glands and incuba t ion  media  
separate ly ,  a s imilar  re la t ion has been observed.  
Because inhib i t ion  of T-1 oocyte  g rowth  is no t  the  resul t  
of low rates  of J H  biosynthesis ,  it  is necessary  to look 
elsewhere for the  na tu re  of the  inhibi t ion.  At  presen t ,  
th is  is u n k n o w n  b u t  is has  been sugges ted  t h a t  an ant i -  
gonado t rop in  emana t ing  f rom the  ova ry  is responsible  
for inhibi t ion of T-1 oocytes  in R. prol ixus  8. I t  is possible 
t h a t  a similar fac tor  is opera t ive  in S. gregaria  and in fact,  
the  observa t ion  t h a t  T-1 oocytes  become vitel logenic in 
par t ia l ly  ovar iec tomized  animals  ~ m i g h t  be in t e rp re t ed  
to indicate  t h a t  an inh ib i to ry  factor  is p resen t  in t he  
ovary  - when p a r t  of the  ovary  is removed,  the  inhib i t ion  
is no longer effective.  W o r k  is in progress  to define the  
na tu re  of this  inh ib i to ry  factor.  

17 H. Mellanby, Parasitology 29, 131 (1937). 
18 S. S. Tobe and G. E. Pratt, Nature, Lond. 252, 474 (1974). 
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Summary. Cont ra ry  to earlier f indings in rats,  cerebral  la teral  ven t r icu la r  infusions of 1 • 10 --a M or 2 • 10 -a M solut ions  
of phlor idzin  a t  a ra te  of 2.5 ~l/min for 90 min had no s ignif icant  s t imula t ing  effects  on food in take  and  weight  gain in 
hens  and cocks. These d i f fe rent  responses  to in t r aven t r i cu la r  phlor idzin  migh t  ref lect  a difference of sens i t iv i ty  to t he  
inh ib i to ry  act ion of phlor idz in  on glucose t r a n s p o r t  in cerebral  cells or cer ta in  pecul iar i t ies  of mechan i sms  control l ing 
food in take  in chickens.  

Glick and Mayer  2 have  found  t h a t  cerebral  lateral ,  
ven t r icu la r  infusions of phlor idz in  caused marked  hyper -  
phagia  and  excessive weight  gain in rats.  They  a t t r i b u t e d  
the  overea t ing  to inh ib i t ion  of glucose up take  in neural  
t issue by  ph lor idz in  and in t e rp re t ed  the  p h e n o m e n o n  as 
def in i te  proof  for t he  exis tence of cerebral  g lucoreceptors  
which  are involved  in' the  regula t ion  of food intake.  
The purpose  of the  p resen t  expe r imen t s  was to inves-  
t iga te  the  effects  of i n t r aven t r i cu la r  phlor idz in  on feeding 
and  b o d y  weight  in Gallus domest icus .  This  is a species 
of b i rd  which,  t ak ing  in to  account  its anorect ic  response  
to  insulin, seems to have  cer ta in  pecul iar i t ies  in the  
mechan i sms  control l ing food in take  3-5. 
Material and methods. The expe r imen t s  were carr ied ou t  
on 6 laying hens  (White  Leghorn)  and 6 4 -month -o ld  
cocks (White  Rock  x Cornish) housed ind iv idua l ly  and  
fed commercia l  chicken m a s h  and wa te r  ad l ibi tum.  
To per form the  cerebral  ven t r icu la r  infusions on unan-  
es the t ized  birds,  a t echn ique  developed by  Goodr ich  
e t  al. ~, and  modif ied  by  us, was used. According to  th is  

technique ,  the  la tera l  vent r ic le  is p u n c t u r e d  at  the  t ime  
of each infusion th rough  an ex t r adu ra l  gu ide- tube  
m o u n t e d  chronical ly  in the  par ie ta l  bone.  Detai ls  of 
cons t ruc t ion  for our  modif ied  guide- tube  and  probe  as- 
sembly  are shown in figure 1. I m p l a n t a t i o n  of gu ide- tube  
was conduc ted  under  p e n t o b a r b i t a l  anaes thes ia ,  using 
s te reo tax ic  coordina tes  f rom the  s te reo tax ic  a t las  of 
van  T ienhoven  and  JuhaszT. 
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