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B l o o d - F o r m i n g  T i s s u e s  in O r t h o p t e r a n  Insec t s :  An 

The  b lood  of insec ts  (hemolymph)  con ta ins  n u m e r o u s  
smal l  c i rcu la t ing  cells, t e r m e d  hemocy tes ,  t h e  origins of 
which  h a v e  been  a m a t t e r  of con t rove r sy  for a long period.  
In  severa l  morpholog ica l  s tud ies  ~-3 we h a v e  s h o w n  t h a t  
the  ' phagocy t i c '  t i ssues  a n d  organs  s i t u a t e d  in t he  v i c in i ty  
of t he  dorsa l  vessel  in  O r t h o p t e r a n  insects  (review b y  
NUTTING 4) h a v e  t h e  classical  fea tu res  of hemopo ie t i c  
organs.  Re t i cu la r  cells, loosely aggrega ted  in v a s t  ne tworks  
show the  same  charac te r i s t i c s  as t h e  r e t i cu la r  ceils of t h e  
v e r t e b r a t e  l y m p h  t i ssue  or spleen for example .  T h e y  d iv ide  
ac t ive ly  a n d  some of t h e m  unde rgo  d i f f e ren t i a t ion  leading 
to  t he  f o r m a t i o n  of h e m o c y t o p o i e t i c  i s lands  w i t h  y o u n g  
b lood ceils of t he  same cell t y p e  a t  t he  same  s tage of 
m a t u r a t i o n .  I n  b o t h  Locusta and  Gryllus, t h e  d i f fe ren t ia -  
t ion  of t he  3 m a i n  c i rcu la t ing  h e m o c y t e s  was easi ly 
a sce r t a ined  in these  t issues.  

As in v e r t e b r a t e  hemopo ie t i c  t issues,  t he  re t i cu la r  ceils 
of O r t h o p t e r a n  b lood- fo rming  t issues  a n d  organs  are also 
concerned  w i t h  r e m o v i n g  debr is  f rom the  c i rcu la t ion  
(which p r o p e r t y  a c c o u n t e d  for t he  r e s t r i c t ive  t e r m  of 
' phagocy t i c  t issues ' ) .  The  s t i m u l a t i o n  of t he  mac rophag i c  
capac i ty  can  easi ly be  i nduced  b y  in j ec t ing  i ne r t  powders  
in to  t h e  hemocoele.  Such  a s t i m u l a t i o n  resul t s  in  a 
t e m p o r a r y  b lockage  of t he  hemocy topo i e t i c  func t ion ,  as 
t he  re t i cu la r  ceils become  m a c r o p h a g e s ;  t h e i r  h e m o c y t o -  
poie t ic  d i f f e r en t i a t i on  is t h u s  p r e v e n t e d  for a t  leas t  some 
t ime.  I n  Locusta, t h e  in j ec t ion  in to  t he  hemocoe le  of a 
s t rong  dose of i ron s a c c h a r a t e  ac tua l l y  has  a d r a m a t i c  
effect  on  hemocy topo ies i s :  t he  n u m b e r  of c i rcu la t ing  
h e m o c y t e s  decreases  b y  some 85% d u r i n g  t he  3 days  
fol lowing t he  in jec t ion  5. 

I n  O r t h o p t e r a n  insects,  t he  c i rcu la t ing  h e m o c y t e s  are  
able  to  divide,  a l t h o u g h  such  divis ions  are no t  v e r y  
f requen t .  An  i m p o r t a n t  ques t ion ,  no t  answered  b y  t h e  
p receed ing  obse rva t ions ,  is t h a t  of t he  func t iona l  impor -  
t ance  of t h e  h e m o c y t o p o i e t i c  t i ssue  u n d e r  n o r m a l  condi-  
t ions .  Do these  t i ssues  p roduce  and  release h e m o c y t e s  
d u r i n g  t h e  en t i r e  l i fe -span  of a n o r m a l l y  deve lop ing  insect ,  
or is t h e i r  a c t i v i t y  r e s t r i c t ed  to per iods  of agression,  such 

A n a l o g u e  to Vertebrate  H e m o p o i e t i c  O r g a n s  

as hemor rhages ,  wound-hea l ing ,  e n c a p s u l a t i o n  of pa ra -  
sites, etc., where  s t r i n g e n t  r e q u i r e m e n t s  for in tense  a n d  
r ap id  h e m o c y t e  p r o d u c t i o n  exis t  ? - A t t e m p t i n g  to answer  
th i s  ques t ion  we i r r ad i a t ed  select ively t h e  h e m o c y t o -  
poie t ic  t i ssue  of f o u r t h  an d  f i f th  i n s t a r  l a rvae  an d  male  
an d  female  adu l t s  of Locusts (25,000 R a d m i n i s t e r e d  over  
a 5 sec period),  t h e  a n a t o m i c a l  s i t ua t ion  of th i s  t i ssue  in 
Locusts al lowing select ive X - i r r ad i a t i o n s  wh ich  do n o t  
affect  o the r  rad iosens i t ive  t issues,  such  as the  d iges t ive  
t r ac t .  - The  results ,  t h e  de ta i l s  of wh ich  are  g iven  else- 
where  6, show- t h a t  24 h a f te r  t h e  single X - r a y  t r e a t m e n t ,  
t h e  h e m o c y t e  c o u n t  has  fa l len  b y  some 50% (Figure 2). 
All  h e m o c y t e  t ypes  are af fected b y  th i s  s t rong  decrease.  
S h a m - i r r a d i a t i o n s  of s imi lar  surface  areas  on o the r  body  
regions  do n o t  affect  t h e  h e m o g r a m m e .  T h e  h e m o c y t o -  
poie t ic  t i ssue  t h u s  ap p ea r s  to  p l ay  a p r i m a r y  role in t h e  
p r o d u c t i o n  of d i f f e ren t i a t ed  b lood cells d u r i n g  t h e  life 
h i s t o ry  of th i s  insect .  

The  v e r y  s t rong  decrease  in t h e  n u m b e r  of h e m o c y t e s  
a f te r  t h e  X - r a y  t r e a t m e n t  of t h e  h emo cy t o p o i e t i c  t i ssue  is 
fol lowed 3 days  l a t e r  b y  a r ecove ry  per iod  du r ing  wh ich  
t h e  h e m o c y t e  c o u n t  increases  progress ive ly  (Figure 2). 
D u r i n g  th i s  per iod  t h e  n u m b e r  o t  c i rcu la t ing  h e m o c y t e  
d iv is ions  does n o t  rise s ign i f i can t ly :  t h e  r ecove ry  is 
essent ia l ly  due  to  t h e  in t ens i f i ca t ion  of t h e  hemocy topo ie -  
t ic  f u n c t i o n i n g  of those  s t em cells w h i c h  were n o t  af fected 
a t  t h e  t i m e  of t h e  sho r t  X - i r r a d i a t i o n  of t h e  h e m o c y t o -  
poie t ic  t issue. A microscopic  s t u d y  of th i s  t i ssue  d u r i n g  t h e  
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Fig. 2. Modifications of the hemogramme of 5th larval instar larvae 
of Locusts migratorie after selective irradiation of the hemoeyto- 
poietic tissue. Abscissa: 0, 1, 2, 3, 4 days after the single administra- 
tion of 25,000 R; ordinate: number of hemocytes per mm 3 of hemo- 
Iymph (in thousands). 

Fig. 1. Paraffin section through the pericardial sinus of a normal male 
adult of Locusta migratoria. The hemocytopoietic tissue consists of a 
large band of loosely aggregated cells, extending on the upper 
surface of the dorsal diaphragm (arrows) from the 1st to the 5th 
abdominal segment. Note the absence of connective layers around 
the hemocytopoietic tissue, the cell clusters being directly in 
contact with the hemolymph. The section also shows the cardiac 
vessel, 2 tracheal trunks on both sides of the vessel, as well as 
pericardial cells, fat body and fragments of the cuticle and epidermis. 
• 130. 
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recovery  per iod  of t h e  h e m o g r a m m e  revea ls  obv ious  signs 
of a func t i0na l  s t i m u l a t i o n :  t h e  i n t ense  p ro l i f e ra t ion  of 
t he  h igh ly  p o l y m o r p h o u s  r e t i cu la r  cells a n d  t he  g rea t  
increase  in m a t u r a t i n g  b lood  cell c lus ters  resu l t s  in a 
m a r k e d  h y p e r t r o p h y  of th i s  t i s sue  wh ich  i n v a d e s  large 
po r t i ons  of t h e  per icard ia l ,  s inus,  a n d  even,  to  a lesser 
ex ten t ,  p e n e t r a t e s  in to  t h e  per iv iscera l  sinus.  

I t  appea r s  n o w  t h a t  t h e r e  exis t  in  O r t h o p t e r a n  insec ts  
r e t i cu la r  cells showing  b o t h  m a c r o p h a g i c  a n d  h e m o c y t o -  
poie t ic  po ten t i a l i t i t e s .  These  cells are g rouped  t o g e t h e r  
e i t he r  in diffuse t i ssues  or more  closely i n t e g r a t e d  in ~ar 
more  complex  organs  (Gryllus, see a). T h e  norms1 func t ion -  
ing of these  t i ssues  a n d  t h e  r e a c t i v i t y  in  a b n o r m a l  an d  
e x p e r i m e n t a l  cond i t ions  are b o t h  r e m a r k a b l y  close to  
those  of t h e  V e r t e b r a t e  hemopo ie t i c  organs.  Whi l e  t h e i r  
i m p o r t a n c e  in t h e  c o n t i n u o u s  p r o d u c t i o n  of m a t u r e  
h e m o c y t e s  is essential ,  t h e  m a c r o p h a g i c  capac i t y  of these  
t i ssues  enables  t h e m  to  p l ay  an  i m p o r t a n t  role in e l imina t -  
ing worn -ou t  h e m o c y t e s  an d  va r ious  debris ,  an d  especial ly  
in  c o n t r i b u t i n g  to  t h e  defense  r eac t ions  a n d  to  res i s tance  
to bac te r i a l  infect ion.  W h a t  is more,  se lec t ive  X - r a y -  
p r o v o k e d  lesions of th i s  t i ssue  affect  t h e  n o r m a l  evo lu t ion  of 
t h e  p ro te inemia ,  or t h e  h u m o r a l  d e t e r m i n a n t  of m o u l t i n g  7 
a n d  o v a r i an  m a t u r a t i o n  s as r ecen t  resu l t s  h a v e  s h o w n  in 
Locusts. These  d i f fe ren t  func t iona l  aspects  are  a t  p r e s en t  
u n d e r  inves t iga t ion .  

Rdsumd. Des cellules sangu ines  diff6renci6es son t  pro-  
dui tes  t o u t  au long de la vie l a rva i re  et  imag ina l e  des 
Insec tes  Or thop t~ re s  p a r  des t i ssus  h6matopo~6t iques  
sp~cialis~s. Nos ~tudes  morpho log iques  et  exp~r imen ta l e s  
sou l ignen t  l ' ana log ie  que  p r 6 s e n t e n t  ces t i ssus  avec  les 
organes  h~matopo i~ t iques  des Vert6br6s ,  5. la fois sur  le 
p Ian  s t r u c t u r a l  e t  sur  la p l an  fonct ionnel .  
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Fig. 3. Intensely proliferating hemocytopoiefic tissue of a male aduIt 
of Locusta migratoria, 5 days after selective X-irradiation (time of 
recovery of the hemogramme). Glutaraldehyde-osmium tetroxyde 
fixation; araldite embedding medium, 1 ~xm thick section. • 160. 

J. A. HOFFMANN, C. r. hebd. S6anc. Acad. Sci. Paris 273, 2568 (1971). 
8 F. GOLTZENs and J. A. HOFFMANN, C. r. hebd. S6anc. Aead. 

Set. Paris, in press. 

T h e r m o - r e g u l a t o r y  R e s p o n s e s  to  H y p o t h a l a m i c  H e a t i n g  in  D e h y d r a t e d  R a b b i t s  

T h e r m a l  p a n t i n g  a n d  swea t ing  are k n o w n  to be  r educed  
in h o t  e n v i r o n m e n t  in  d e h y d r a t e d  steers1, -~ a n d  deser t  
an ima l s  a-5. Similar ly ,  t he  r a t e  of swea t ing  is d imin i shed  
in m e n  d u r i n g  t h e r m a l  or exercise d e h y d r a t i o n  ~-s. 

One of t he  reasons  for t he  above  p h e n o m e n a  m a y  be a 
decreased  r e a c t i v i t y  of t h e  h y p o t h a l a m i c  t h e r m o r e g u l a -  
t o r y  sys tem.  I n  order  to  check  t h i s  poss ibi l i ty ,  t h e r m o r e -  
gu la to ry  responses  to  a d i rec t  h e a t i n g  of t he  h e a t  loss 
cen te r  were i n v e s t i g a t e d  in w a t e r - d e p r i v e d  and  in nor-  
m a l l y  h y d r a t e d  rabb i t s .  

Material and methods. A t h e r m o d e  a n d  a copper-con-  
s t a n t a n  t h e r m o c o u p l e  were inse r t ed  s t e reo tax ica l ly  u n d e r  
h e x o b a r b i t a l  anes thes i a  in to  t he  p reop t i c  an t e r i o r  hypo-  
t h a l a m i c  a rea  (POA) of 12 ma le  r abb i t s .  The  t h e r m o d e  
cons is ted  of a m i n i a t u r e  c a r b o n  res is tor  h e a t e d  electri-  
ca l ly  b y  pass ing  a d i rec t  cur ren t .  The  t e m p e r a t u r e  sensor  
was p laced  a t  a d i s t ance  of 1,5 m m  f rom the  hea te r .  

The  e x p e r i m e n t s  s t a r t e d  n o t  ear l ier  t h a n  14 days  fol- 
lowing su rge ry .The  an ima l s  were  p laced  in a 45 • 15 • 15 c m  
cage a n d  were no t  res t ra ined .  H y p o t h a l a m i c  a n d  rec ta l  
t e m p e r a t u r e s  as well  as t he  t e m p e r a t u r e  of t he  ou te r  
surface  of t he  ear  p i n n a  were t a k e n  b y  m e a n s  of copper-  
c o n s t a n t a n  sensors  and  d i sp layed  on  a Motor-Nora- 

p e n s a t o r  2 m V  t y p e  E K N  ( V E B  Messger~tewerk  E. 
Weine r t ,  Magdeburg) .  The  accu racy  of m e a s u r e m e n t s  
was  w i t h i n  t h e  r ange  of 0.2~ R e s p i r a t o r y  m o v e m e n t s  
were t r a n s f o r m e d  to vo l t age  osci l la t ions us ing  a res i s tance  
t r a n s d u c e r  f a s t ened  a r o u n d  t h e  a n i m a l ' s  ches t  and,  a f t e r  
ampl i f i ca t ion ,  were recorded  co n t i n u o u s l y  on  a po lygraph .  
A m b i e n t  a i r  t e m p e r a t u r e  was 23 =~ 3~ 

U n d e r  con t ro l  cond i t ions  t h e  r a b b i t s  were fed w i t h  d r y  
pel le ts  an d  o b t a i n e d  w a t e r  ad  l i b i t um.  D e h y d r a t i o n  was  
ach ieved  b y  dep r iv ing  t h e  an ima l s  of w a t e r  for  3 days,  
w i t h  no r e s t r i c t ion  of food in take .  
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