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been shown to cause l ibera t ion  of mepacr ine  into the  
m e d i u m  1, whereas  in Tyrode  thei r  ma jo r i ty  remains 
in tac t  and retains  the  drug. This  indicates  t h a t  the  
described flashing phenomenon  is p robab ly  connected 
wi th  quenching  of the  f luorescence of mepacr ine  accumu-  
lated in the  s torage organelles. I r rad ia t ion  of the  platelets  
p robab ly  induces l ibera t ion of mepacr ine  f rom these 
organelles and subsequent  d i lu t ion of the  drug (e.g. in 
the  cytoplasm).  As a consequence,  the  quenching  is 
diminished,  and the  f luorescence increases in in tens i ty  
followed by  a decrease due to fading and/or  leaking of the  
mepacr ine  out  of the  platelets .  

Acridine orange and daunomyc in  behaved  like mep-  
acrine. I n  fact ,  p la te le ts  loaded wi th  t he  former  drugs 
showed highly f luorescent  (yellow-red) granular  s t ructures  
s imilar  in number  and size to the  f luorescent  granules 
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Fig. 2. Microfluorimetric measurement of the fluorescence intensity 
of a single rabbit blood platelet incubated with mepaerine 5 7, 10 -5 M. 
After violet-blue irradiation for 25 see the platelet started to emit 
flashes. 
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seen in platelets  stained wi th  mepacrine.  In  addit ion,  the  
flashing phenomenon  was to be seen on exposure of the  
pla te le ts  to viole t -blue light.  

The  mechan ism by  which i r radia t ion  acts on 5I-IT 
storage organelles is not  known. The  a l tera t ion  of the  
organelles Which leads to the  flashing phenomenon  seems 
to be due to the  ac t iva t ing  (violet-blue) and not  to the  
emi t t ed  (green-yellow) l ight.  Thus,  mepacr ine- loaded 
platelets ,  i r radia ted for 45 min  wi th  intense green (546 nm) 
light,  still showed f luorescent  granular  s t ructures  which 
were flashing on subsequent  exposure to violet-blue light.  
However ,  the  flashing was no t  bound to l ive cells ; i t  even  
took  place in mepacr ine- loaded platelets  f ixed for 2 h 
wi th  2.5% glutara ldehyde.  Therefore,  the  i nvo lvemen t  
of contract i le  proteins  in the  flashing phenomenon  is 
unlikely.  

Bo th  the  visual izat ion of the  5HT storage organelles by  
f luorescent  drugs and the  flashing phenomenon  m a y  be of 
interest  for s tudying  these organelles in situ under  var ious  
conditions,  e.g. dur ing the  release reaction.  Such ob- 
servat ions  will p robab ly  not  be l imi ted  to blood platelets  
since, according to pre l iminary  exper iments ,  f lashing also 
occurs in o ther  cells which conta in  subcellular part icles 
(e.g. lysosomes in leucocytes  and mas t  cell granules) 
s toring mepacrine.  Fur thermore ,  f lashing is also observed 
in isolated chromaff in  granules of bovine  adrenal  medul la  
loaded in v i t ro  wi th  the  drug. 

Zusammen/assung. Nach  Behandlung  yon Blutpl~ittchen 
mi t  Mepacrin,  Acr idin-Orange und Daunomycin ,  die sich 
selekt iv in den 5 -Hydroxy t ryp t amin -  (5HT)-Speicher-  
organellen anreichern,  werden le tz tere  im Fluoreszenz-  
mikroskop sichtbar.  Un te r  v io le t t -b lauer  Bes t rahlung 
zeigen die einzelnen Pl~t tchen  mehrere  sukzessive, 
b!i tzart ige Zunahmen  der Fluoreszenz-Intensi t / i t ,  wobei 
sie w~hrend einiger Sekunden vollst / indig ausgeleuchtet  
erscheinen. Die Bli tze sind wahrscheinl ich durch Frei-  
setzung der f luoreszierenden Stoffe aus je  einer 5HT- 
Speicherorganelle  bedingt.  
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Lung Inflammation in Immuni ty  to Schistosoma mansoni 

Schistosoma mansoni, the  causal agent  of a widespread 
t ropical  disease, is a parasi t ic  worm which lives in the  
hepat ic  por ta l  system of man.  Infec t ion  occurs when 
cercariae emerge  f rom a wa te r  snail  in te rmedia te  host,  
pene t ra te  exposed human  skin and migra te  v ia  the  lungs 
to the  por ta l  system. As the  young  schistosomes, called 
schistosomula,  are migra t ing  th rough  the  lung capillaries 
t hey  can be recovered in subs tant ia l  numbers  by  a simple 
technique which forms the  basis of an assay for measur ing  
i m m u n i t y  to  re infect ion in rats  1 and mice ~ immunized  by 
a p r imary  infect ion wi th  S. mansonl. 

Adul t  golden hamsters  (Mesocricetus auratus) were 
immunized  wi th  a small  p r imary  infection of 50 S. 
mansoni cercariae and chal lenged at  in tervals  wi th  250 
cercariae. The number  of schistosomula recovered f rom 
the  lungs of immune  hamsters  on day  5 af ter  challenge was 
grea t ly  depressed compared  wi th  recoveries  f rom normal  
controls given only the  challenge infection. I m m u n i t y  to 
reinfect ion develops rapid ly  and reaches a p la teau  
represent ig  70-80% protec t ion  a t  about  6 weeks af ter  
the  p r imary  infection. 

Many of the  immune  hamsters  suffer f rom respi ra tory  
distress dur ing the  period, 4-7 days af ter  challenge when 
the  invading  schistosomula are migra t ing  th rough  the  
lungs, bu t  this  is no t  observed in normal  hamsters  g iven 
the  same challenge. Histological  examina t ion  of the  lungs 
of immune  hamsters  dur ing this period reveals t ha t  the  
schistosomula s t imula te  an acute  i n f l ammato ry  reaction.  
There is a massive inf i l t ra t ion of po lymorphonuc lea r  
neutrophi ls  into all the  lung tissue which persists as more 
schistosomula enter the lungs. By day 5, when maximum 
numbers of organisms are present, many macrophages 
can be seen, fluid exudates containing neutrophils occur 
in many alveoli and there are extensive haemorrhages 
which are also visible macroscopically on the lung 
surface. The histology of control lungs remains essentially 
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Protection of hamsters against S. manson{ infection with human 
serum albumin (HSA) and Maia squinado hemocyanin (MSH) 

Substance injected Schistosomula recovered from lungs 
on day 3 on day 5 (%) 

Control 26.5 + 2.2 
1 mg MSH + anti-MSH 11.5 =h 4.6 
Soluble MSH 
1 mg 11.3 ~ 3.5 
5 mg 11.3 =~ 4.3 

Control 17.1 -t= 4.5 
Heat-pptd HSA 1 mg 10.0 • 6.1 
Soluble HSA 
1 mg 9.3 ~ 3.6 
5 mg 8.3 • 1.6 

Each treatment was given to 10 adult normal male hamsters in 2 ex- 
periments. 0.1 ml of each substance, suspended or dissolved in Hanks' 
saline was given intraeardiae on day 3 after infection with 250 cer- 
eariae and lung recoveries were made on day 5. HSA was heat 
precipitated at 90 ~ for 15 see. 1 mg IRISH was reacted with 1 mi 
rabbit anti-MSH for 30 min at 37 ~ and the precipitate washed twice 
with Hanks' saline. The differences between the mean for each 
treatment and the appropriate control mean were statistically 
significant at the 1% level (Student's t-test). 
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Protection of hamsters and CBA mice against S. manson{ infection 
with different numbers of dead E. coti. 3 days after infection with 250 
eercariae groups of 5 hamsters or mice were given an intracardiae 
injection of 0.1 ml Hanks' saline containing 4• 106 -- 4• 106 
formalin-killed E. coIi. 5 days after infection schistosomula were 
recovered from the lungs. Each bar represents the mean recovery of 
schistosomula from a total of 10 animals in 2 experiments with the 
standard deviation. The differences between the means and the 
appropriate control were all statistically significant at the 1% level 
(Students' t-test) except for treatment of hamsters with 4 • 10 ~ E. 
coll. 

normal  dur ing migra t ion  of schis tosomula,  a l though  the re  
are some minu te  haemorrhages  due to  mechanica l  damage  
to the  capillaries. I n f l a m m a t o r y  react ions  a round  invad ing  
schis tosomula  have  also been  observed in the  lungs of 
i m m u n e  mice 3 and  rhesus  monkeys  ~. 

W i t h  the  object  of de te rmin ing  w h e t h e r  the  acute  
in f l ammat ion  is t he  cause of the  grea t ly  reduced  recovery  
of schis tosomula  f rom the  lungs of i mmu n e  hams te r s  we 
artificially s t imula ted  in f l ammat ion  in the  lungs of normal  
hams te r s  following an infection,  3 days  af ter  infect ion 
wi th  250 cercariae normal  hams te r s  were given an in t ra-  
cardiac in ject ion of 4•  formalin-ki l led E s c h e r i c h i a  
coli ( type 0111). Lung  recoveries a t  day  5 showed a 
marked  depress ion equiva len t  to  81% pro tec t ion  (Figure). 
Smaller  n u mb er s  of dead E. coli had  progress ively  less 
effect. I n t r ape r i t onea l  in jec t ion  of 4 ?<109 dead  E.  coli 
gave no p ro tec t ion  agains t  infection.  Similar  results  were 
ob ta ined  wi th  CBA mice (Figure). Convent ional  assay of 
p ro tec t ion  by  recovery of adul t  worms  by  perfns ion 6 
weeks af ter  infect ion conf i rmed t h a t  hams te r s  given a 
single in t racard iac  in jec t ion  of dead  E.  coli on  day  3 are 
able to des t roy  mos t  o.f an infection.  

In t r avascu la r  admin i s t r a t ion  of g ram-nega t ive  micro- 
organisms has long been  known  to s t imula te  sequestra-  
t ion of neut rophi l s  in the  lungs 5 and  the re  is recent  evi- 
dence t h a t  this  effect  m a y  involve ac t iva t ion  of the  com- 
p l emen t  cascade 6. His to logy of normal  h a m s t e r  lungs 
fixed at  in tervals  following in t racard iac  in ject ion of 
4X109 dead  E.  coli showed t h a t  t he  organisms alone 
s t imula te  an in f l ammat ion  involving b o t h  neut rophi l s  and  
macrophages  which  reaches  a m a x i m u m  at  48 h and is 
great ly  exacerba ted  if migra t ing  schis tosomula  enter  the  
lungs. 

The s t imula t ion  of p ro tec t ion  agains t  infect ion wi th  
S.  m a n s o n i  in normal  h ams t e r s  is no t  specific t o  E .  coli. 
In t r aca rd iac  in ject ion of hea t -aggrega ted  h u m a n  serum 
a lbumin  (HSA) or M a i a  squ inado  (Spider Crab) hemo-  
cyanin  (MSH) complexed  wi th  r abb i t  an t i -MSH an t i body  
s t imula ted  in f l ammat ion  of t he  lungs and  gave a degree 
of p ro tec t ion  (Table). A n t i g en -an t i b o d y  prec ip i ta tes  and  
other  aggregated  ant igens  are known  to cause lung in- 
f l ammat ion  when  given i .v.L In  our expe r imen t s  b o t h  
MSH and H S A  in soluble form also s t imula ted  lung 
in f l ammat ion  and  p ro tec t ion  agains t  infect ion (Table). 

Al though  i.v. admin i s t r a t ion  of 3 widely  di f ferent  
foreign ant igens  causes i n f l ammat ion  of t he  lungs in 
normal  hamsters ,  sch is tosomula  themse lves  migra t ing  
th rough  the  capillaries of normal  lungs do no t  provoke  
de tec tab le  cellular inf i l t rat ion.  However ,  c i rculat ing anti-  
body,  raised in hams te r s  by  vacc ina t ion  wi th  a par t ic -  
ulate  f rac t ion of adul t  schis tosomes media tes  sequest ra-  
t ion  of i n f l ammato ry  cells in t he  lungs in response  to 
invading  schis tosomula.  H a m s t e r s  were each given an i.m. 
in ject ion of pellet  mater ia l  in comple te  F r eu n d ' s  ad juvan t ,  
ob ta ined  by  cen t r i fuga t ion  a t  10,000 x g of 100 adul t  
schis tosomes homogenized  in saline. A boos ter  dose of the  
same size in incomple te  F r e u n d ' s  a d j u v a n t  was given 2 
weeks later  followed af ter  7 days  by  an infect ion wi th  250 
cercariae. The vacc ina t ion  i tself  did no t  cause any  in- 
f l ammat ion  of the  lungs bu t  migra t ing  schis tosomula  
s t imula ted  seques t ra t ion  of neut rophi l s  and macrophages  

3 A. MAGALHAES-FILIfO, Am. J. trop. Med. Hyg. 8, 527 (1959). 
4 F. VON LITCItENBERG and L. S. RITCHIE, Am. J. trop. Med. Hyg. 
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Nature, Loud. 249, 841 (1974). 
7 H.  Z. MOVAT, T. URIUHARA, N. S. TAICHMAN, H.  C. ROWSELL a n d  

J. F. MUSTARD, Immunology 7d, 637 (1968). 
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in t he  lungs  of v a c c i n a t e d  hams te r s .  Pass ive  t r a n s f e r  of 
s e rum f rom v a c c i n a t e d  in to  n o r m a l  h a m s t e r s  (1 ml  i.p.) 
on  t h e  d a y  of in fec t ion  d e m o n s t r a t e d  t h a t  h u m o r a l  
fac tors  are respons ib le  for  t h i s  response.  A l t h o u g h  a 
cha l lenge  in fec t ion  of v a c c i n a t e d  h a m s t e r s  caused  in- 
f i l t r a t i on  of i n f l a m m a t o r y  cells t h e  lung  r ecove ry  assay  
showed  clear ly  t h a t  d e s t r u c t i o n  of s ch i s tosomula  h a d  
no t  occurred.  

Our  i n t e r p r e t a t i o n  of t h i s  ev idence  is t h a t  a n t i b o d y  
ra i sed  b y  v a c c i n a t i o n  of h a m s t e r s  w i t h  c rude  sch is tosome 
m a t e r i a l  can  med ia t e  s e q u e s t r a t i o n  of i n f l a m m a t o r y  cells 
in  t he  lungs  in response  to m i g r a t i n g  sch i s to somula  b u t  
t h e  cells are  u n a b l e  to  des t roy  t he  schis tosomes.  I n t r a -  
vascu la r  a d m i n i s t r a t i o n  of severa l  fore ign an t igens  how- 

8 p. C. WILKINSON, Chemotaxis and Inflammation (Churchill, 
Livingstone 1974), p. 150. 

9 E. SUTER and L. IIULLIGER, Ann. N.Y. Acad. Sci. 88, 1237 (1960). 
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ever, s t i m u l a t e s  s e q u e s t r a t i o n  of i n f l a m m a t o r y  cells in  
t he  lungs  a n d  a p p a r e n t l y  also causes some k ind  of non-  
specific a c t i v a t i o n  of t he  cells enab l ing  t h e m  to  d a m a g e  
schis tosomula .  This  effect  could poss ib ly  be  due to  t h e  
phagocy tos i s  of an t i gen  wh ich  is k n o w n  to cause  e n h a n c e d  
m e t a b o l i c  a c t i v i t y  a n d  e n z y m e  syn thes i s  in  neu t roph i l s  s 
and  m a c r o p h a g e s  9, t he  cell t y p e s  de t ec t ed  in t he  in f l amed  
lungs.  

Zusammen/assung. Bei  d u t c h  Pr imSxinfek t ion  m i t  
Schistosoma mansoni i m m u n i s i e r t e n  G o l d h a m s t e r n  wird  
die Z e r s t 6 r u n g  e iner  Seknnd~ir infekt ion  nachgewiesen .  
I n t r a v e n 6 s e  I n j e k t i o n  d iverser  F r e m d a n t i g e n e  I i ihr t  bei  
n o r m a l e n  H a m s t e r n  3 Tage  n a c h  der  I n f e k t i o n  zu e iner  
unspez i f i schen  L u n g e n e n t z i i n d n n g  n n d  v e r u r s a c h t  die 
V e r n i c h t u n g  der  me i s t en  Jung -Sch i s t o somen .  

M. A, SMITIng0, ~, J.  A. CLEGG, 
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Cyclic Activity of the Corpus Allatum Related to 
Periplaneta americana 

Oocyte  m a t u r a t i o n  is d e p e n d e n t  on t h e  secre t ion  of t he  
co rpora  a l l a t a  in the  m a j o r i t y  of insec t  species s tud ied  ~, 2, 
i nc lud ing  t he  cockroach  P .  americana. E x t i r p a t i o n  of t he  
co rpora  a l l a t a  d u r i n g  t he  l a t t e r  n y m p h a l  ins t a r s  resul t s  in  
t o t a l  fa i lure  of o v a r i a n  g r o w t h  a f t e r  me tamorphos i sa ,  and  
a l l a t e c t o m y  of r e p r o d u c t i v e l y  ac t ive  a d u l t  females  leads 
to  a cessa t ion  of oo theca  f o r m a t i o n  ~. Per iodic  changes  in 
corpus  a l l a t u m  a p p e a r a n c e  para l le l  t he  cycles of ova r i an  
ac t}v i ty  in  t he  v i v i p a r o u s  cockroaches  Leucophaea 
maderae a n d  D@loptera punetata, these  species h a v e  
p r o t r a c t e d  per iods  of p r e g n a n c y  d u r i n g  w h i c h  t h e  
corpora  a l l a t a  are  be l ieved  to be  inactiveS-V, p .  americana 
differs in t h a t  i t  is ovopa rous  a n d  t he  o v a r i a n  cycles 
over lap  to t he  e x t e n t  t h a t  v i te l logenic  oocytes  are  a lways  
p re sen t  in  t he  ovar ies  of m a t u r e  femalesS, 9. W o u l d  one 
the re fore  expec t  to  f ind  differences  in  t h e  a c t i v i t y  of t he  
corpora  a l l a t a  in r e l a t ion  to t h e  gono t roph ic  cycle in th i s  
species ? 

The  corpus  a l l a t u m  is t he  phys io logica l  source of 
juven i l e  h o r m o n e  ~, a n d  t he  r ecen t  i den t i f i ca t ion  of t he  
h o r m o n e  of P. americana as methy l -10 ,  l l - e p o x y - 3 ,  7, l l -  
trimethyl-trans, trans-2, 6-dodecadienoate (C~6jH)10,11, 
coupled  w i t h  t he  resul t s  of s ho r t - t e r m ,  rad iochemica l ,  
in  v i t ro  i n c u b a t i o n  e x p e r i m e n t s  on  locust  g lands  l2, is, 
sugges ted  t h a t  s imi la r  t e chn iques  m i g h t  p rov ide  d i rec t  
q u a n t i t a t i v e  m e a s u r e m e n t  of t he  r a t e s  a t  wh ich  P.  
americana corpora  a l l a t a  syn thes i se  a n d  release h o r m o n e  
a t  d i f fe rent  t imes  du r ing  t he  gouo t roph ic  cycle. 

Materials and methods. A d u l t  female  P. americana were 
m a i n t a i n e d ,  in  t h e  presence  of males,  a t  27~ in d im 
l igh t  a n d  fed ad  l i b i t u m  w i t h  a g round  m i x t u r e  of o a t m e a l  : 
dog chow:  p e a n u t s  : yeas t  p o w d e r  (17 : 10 : 4 : 1). Ovar io les  
and  co rpora  a l l a t a  were d issected  f rom u n a n a e s t h e t i s e d  
an ima l s  u n d e r  c i t ra te - for t i f i ed  R i n g e r  so lu t ion  12. The  
l eng ths  of t he  T an d  T-1 oocytes  were m e a s u r e d ;  a n d  t he  
p a t e n c y  of t he  fol l icular  ep i the l ium,  a n  i n d i c a t i o n  of 
ac t ive  vi te l logenesis ,  was t e s t ed  b y  t he  E v a n ' s  b lue  
m e t h o d  of PRATT a n d  DAVEV 14. 

Gonotrophic Cycles in Adult Female 

The  b i o s y n t h e t i c  ac t iv i t i e s  of t he  co rpora  a l l a t a  f rom 
i n d i v i d u a l  an ima l s  were ca lcu la ted  f rom the  i n c o r p o r a t i o n  
of rad io- labe l led  m e t h i o n i n e  in to  C16JH p re sen t  in  t he  
g lands  plus  m e d i u m  fol lowing 3 h i n c u b a t i o n  in vi t ro .  
The  p rocedures  for separa t ion ,  i den t i f i ca t ion  a n d  q u a n t i -  
f i ca t ion  of t he  i n c u b a t i o n  p r o d u c t s  b y  r a d i o - t h i n  l aye r  
c h r o m a t o g r a p h y  and  l iquid  sc in t i l l a t ion  c o u n t i n g  were as 
descr ibed  p rev ious ly  12,1.. I n  ce r t a in  e x p e r i m e n t s  co rpora  
a l l a t a  f rom pai rs  of an imals ,  sacrif iced a t  t he  same t i m e  
in r e l a t i on  to t he  depos i t ion  of t h e  p rev ious  ootheca ,  
were d iv ided  be tween  2 i n c u b a t i o n  tubes ,  such  t h a t  each  
t u b e  c o n t a i n e d  2 glands,  one f rom each  a n i m a l  (spli t  
pairs)  15 

Results and discussion. The  an ima l s  used in these  
e x p e r i m e n t s  fo rmed  a n  oo theca  eve ry  3-4  days,  while  dye  
p e n e t r a t i o n  tes t s  show t h a t  each  b a t c h  of oocytes  spen t  
6-8  days  in t he  s t a t e  of ac t ive  vi te l logenesis .  Shor t ly  a f t e r  
o v u l a t i o n  of t he  T oocytes  t he  new basa l  oocytes  (previ-  
ous ly  T- l )  are 2.0-2.3 m m  in l e n g t h  a n d  a l r eady  a t  a n  
a d v a n c e d  s tage in vi te l logenesis ,  whereas ,  t he  new 
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