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Peritoneal Inacrophages from nude mice nu/nu (a) and their Iitter mates nu /+  and + / +  (b) 30 rain after plating into plastic dishes at 37~ 
The maerophages of Ilude mice show extensive spreading and some phase-dense and phase-lucent vesicles. • 400. 

This  is superf ic ia l ly  i n c o m p a t i b l e  w i t h  f ind ings  of 
CHEERS S wh ich  ind ica te  suppress ion  of t he  g r o w t h  of i.v. 
inocu la ted  Lisleria in  t i le l iver  and  spleen. B u t  t he  dis- 
a g r e e m e n t  can  be reconci led  if i t  is a s sumed  t h a t  macro -  
phages  of n u d e  mice  are he t e rogenous  w i t h  respec t  to  
bac te r i c ida l  ac t iv i ty ,  a n d  t h a t  f ixed m a c r o p h a g e s  in t h e  
l iver  and  spleen a n d  p e r h a p s  those  r e m a i n i n g  in t h e  
p e r i t o n e u m  u n d e r  our  e x p e r i m e n t a l  cond i t ions  are m u c h  
super ior  to  those  o b t a i n e d  in per i tonea l  washings .  

Zusamme~/assung. Ein  gewisser  Grad  yon  M a k r o p h a -  
genak t iv i e rung ,  gemessen  an  der  F~thigkeit  der  Lis te r ien-  

E l i m i n a t i o n ,  wird  auch  in adu l t  t h y m e k t o m i e r t e n ,  m i t  
K n o c h e n m a r k  r e k o n s t i t u i e r t e n  M~iusen sowie in n u d e /  
nude-IK/iusen b e o b a c h t e t  u n d  d a r a u s  der  Schluss  gezogen, 
dass  die M a k r o p h a g e n a k t i v i e r u n g  n i c h t  u n t e r  al len U m -  
s t / inden  m i t  der  A n w e s e n h e i t  v o n  T - L y m p h o z y t e n  ver-  
kn i ip f t  sein muss.  
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Flashing Phenomenon in Blood Platelets Stained with Fluorescent Basic Drugs 

Fluorescen t  bas ic  d rugs  such  as mepacr ine ,  ac r id ine  
o range  and  d a u n o m y c i n  (an a n t i t u m o r  agent)  h a v e  been  
shown  to  se lec t ive ly  a c c u m u l a t e  in t he  5 - h y d r o x y t r y p t -  
amine  (5HT) s torage  organel les  of b lood  p la te le t s  1, ~. The  
p r e sen t  work  deals  w i t h  t he  f luorescence p rope r t i e s  of 
i sola ted p la t e l e t s  loaded  in v i t r o  or  in  v ivo  w i t h  these  
compounds .  

Materials and methods. R a b b i t s ,  guinea-pigs  an d  r a t s  
were e x s a n g u i n a t e d  us ing  d i s o d i u m e t h y l e n e  d i amine -  
t e t r a c e t a t e  (EDTA,  1/10 vol. 5%) as a n t i c o a g u l a n t  a. 
P l a t e l e t - r i ch  p l a s m a  o b t a i n e d  b y  cen t r i f uga t i on  of t h e  
blood for 20 m i n  a t  300 •  was  i n c u b a t e d  (37~ 30 rain) 
wi th  var ious  c o n c e n t r a t i o n s  (10 -5, 5 X 1 0  -5, M)  of me-  
pac r ine  (K & IK Labs ,  USA) ,  ac r id ine  o range  (DIFCO 
Labs,  U.K.)  or d a u n o m y c i n  (Fa rmi ta l i a ,  I ta ly) .  P la te le t -  
r i ch  p l a s m a  was also o b t a i n e d  f rom r a b b i t s  60 ra in  a f t e r  
i.v. i n j ec t ion  of 10 m g / k g  of mepacr ine ,  ac r id ine  o range  or 

d a u n o m y c i n .  T h e  p la te le t s  were t h e n  s e d i m e n t e d  and  
w a s h e d  twice  w i t h  modi f ied  Tyrode  buffer  ~, an d  t he  
whole  p la te le t s  or t h e i r  5I-tT organelles ,  i so la ted  as 
p rev ious ly  descr ibed  3, 4, s u b m i t t e d  to f luorescence micro-  
scopy. 

F o r  q u a l i t a t i v e  f luorescence mic roscopy  a m e r c u r y  
super  pressure  l a m p  H B O  200 W / 4  was  used. Ep i - i l lumina-  
t ion  was  pe r fo rmed  w i t h  a Lei tz  f luorescence ve r t i ca l  
i l l u m i n a t o r  5 equ ipped  w i t h  an  in te r fe rence  d iv id ing  p la t e  
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Fig. 1. Rabbit blood platelets incubated with mepacrine 5 • 10 .5 M. 
4000:1 (125 X 10). 5 ~xm. a) Phase contrast mierograph. 5 platelets 
are shown prior to irradiation with violet-blue light. Tile platelets 
appear attached to the cover glass, and some pseudopods are visible. 
b) Fluorescence mierograph of the platelets shown in Figure I a. On 
irradiation with violet-blue light the platelets exhibit green-yellow 

fluorescent granular structures on a virtually non-fluorescent back- 
ground. Due to long exposure time some of the granules appear 
confluent, c) Fluorescence mierograph of the platelets shown in 
Figures I a and b after violet-blue irradiation for 40 see. Fluorescence 
has spread out in quick flashes from the granules to illuminate the 
entire platelets including their pseudopods. 

(ZH a t  495 rim). Vio le t -b lue  exc i t a t i on  l igh t  for mepacr ine ,  
acr id ine  o range  a n d  d a u n o m y c i n  was selected w i t h  a 
3 m m  B G  3 coloured glass f i l te r  or a n  in te r fe rence  b a n d  
f i l ter  P A L  437.5 n m  (half w i d t h  16 rim, p e a k  t r ans -  
m i t t a n c e  41%)  m a n u f a c t u r e d  b y  S C H O T T  et  al. Mainz,  
F e d e r a l  R e p u b l i c  of G e r m a n y .  The  f luorescence i n t e n s i t y  
of single p la te le t s  was  m e a s u r e d  w i t h  a Lei tz-Microscope-  
P h o t o m e t e r  M P V  equ ipped  w i t h  a m e r c u r y  super  pressure  
l a m p  H B O  100 W/2,  a 3 m m  B G  3 fil ter,  a ve r t i ca l  illu- 
m i n a t o r  for  ep i - i l lumina t ion  as descr ibed  above ,  a n  oil 
immers ion  ob jec t ive  100 • (NA 1.30) and  a n  E.M.I .  t y p e  
9558 QA pho to -mul t ip l i e r .  

Results and discussion. E x a m i n a t i o n  w i t h  t h e  fluo- 
rescence nl icroscope in v io le t -b lue  l igh t  of i so la ted  live 
p la te le t s  loaded  w i t h  m e p a c r i n e  in v ivo  or ill v i t ro  
revea led  t h e  presence  of f luorescent  green-yel low 
g ranu l a r  s t ruc tu re s  on a v i r t u a l l y  non- f luorescen t  back-  
g round  (Figure 1, a a n d  b). The  d i a m e t e r  of t h e  
granules  a m o u n t e d  to  a b o u t  400 nm,  t h e i r  n u m b e r  to  
approx .  17, 11 and  8 in r abb i t s ,  guinea-pigs  a n d  rats ,  
respect ively .  I n  r abb i t s ,  t h i s  n u m b e r  was  of t he  same  
order  as t h a t  of t h e  5HT s torage  organel les  e s t i m a t e d  
ear l ier  b y  e lec t ron  microscopy  6. F u r t h e r m o r e ,  5 H T  
s torage  organel les  i so la ted  f rom r a b b i t  p la te le t s  previ -  
ously  loaded  w i t h  m e p a c r i n e  could also be  v isual ized  b y  
f luorescence microscopy.  T h e y  h a d  a s imi la r  a p p e a r a n c e  
a n d  d i a m e t e r  (about  400 nm)  as t he  5HT s torage  organ-  
elles seen ill whole  p la te le t s  s t a ined  w i t h  mepacr ine .  T h e  
subce l lu la r  d i s t r i bu t i on  s tud ies  of mepac r ine  1 t o g e t h e r  
w i t h  t he  microscopic  f ind ings  ind ica te  t h a t  t he  f luorescent  
g r anu l a r  e l ement s  obse rved  in p la te le t s  loaded  w i t h  
m e p a c r i n e  cor respond  to  t he  5HT organelles.  The i r  

increased  d i a m e t e r  c o m p a r e d  to t h a t  of 5 H T  organel les  
v isual ized  b y  e lec t ron  mic roscopy  (150-200 nm)  m a y  be  
connec ted  w i t h  s ca t t e r ing  of t h e  e m i t t e d  f luorescent  l ight .  

On i r r ad i a t i o n  w i t h  v io le t -b lue  l igh t  for 10 or more  sec 
(depending  on  t h e  i n t e n s i t y  of t h e  l ight) ,  i so la ted p la t e l e t s  
loaded  w i t h  mepac r ine  s t a r t e d  to  emi t  s u b s e q u e n t  f lashes 
(peaks in F igure  2). These  were cha rac te r i zed  b y  a n  
e n h a n c e m e n t  of the  green-yel low f luorescence wh ich  was 
f i rs t  observed  a r o u n d  t h e  granules  a n d  t h e n  genera l ly  
spread  ou t  over  t h e  en t i re  p la te le t s  inc lud ing  the i r  
p seudopods  (Figure 1, c). T h e  increase  was followed b y  a 
r ap id  decrease  of t h e  f luorescence in tens i ty .  Nea r ly  all t h e  
p la te le t s  exh ib i t ed  th i s  p h e n o m e n o n .  Accord ing  to micro-  
f luor imet r ic  r eg i s t r a t ion  a single r a b b i t  p l a t e l e t  e m i t t e d  as 
m a n y  as 10-25 s u b s e q u e n t  f luorescence peaks.  Af te r  
cessa t ion of t h e  f lashing,  t h e  a p p e a r a n c e  of t h e  p la te le t s  
(as obse rved  b y  phase  c o n t r a s t  a n d  f luorescence micro-  
scopy) was s imi la r  to  t h a t  before  t h e  f lash ing  h a d  s ta r ted ,  
w i t h  t h e  excep t ion  t h a t  t h e  f luorescen t  g r anu l a r  s t ruc-  
tu res  h a d  v i r t u a l l y  d i sappeared .  E x p o s u r e  to  v io le t -b lue  
l igh t  of 5 H T  organel les  i so la ted  f rom p la te le t s  pre-  
i n c u b a t e d  w i t h  m e p a c r i n e  also induced  n u m e r o u s  f lashes 
(1 f lash pe r  granule)  s imi la r  to  those  obse rved  in i n t a c t  
p la te le ts .  

I so la t ed  5 H T  organel les  loaded  w i t h  m e p a c r i n e  
exh ib i t ed  (on i r r ad i a t i o n  w i t h  v io le t -b lue  l ight)  a m u c h  
h igher  f luorescence i n t e n s i t y  w h e n  lysed in dis t i l led 
w a t e r  t h a n  a f t e r  suspens ion  in phys io logica l  med ia  such  as 
T y r o d e L  Lysis  of t h e  organel les  in  dis t i l led w a t e r  has  

6 j .  p. TRANZER, personal communication. 
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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 

~ -  2b 3b 4b s~o.ds 
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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