
842 SpeciaIia 15.8. 1969 

Innervation of P u l m o n a r y  Capillaries 

I n  t he  dog, b r a n c h e s  of t h e  p u l m o n a r y  a r t e r y  down to 
30 tz in  d i a m e t e r  h a v e  s m o o t h  muscle  cells in t h e i r  wal l  1 
a n d  receive a chol inergic  a n d  no rad rene rg i c  i n n e r v a t i o n  ~. 
A t  ~his d i a m e t e r  t h e y  lose t h e i r  s m o o t h  muscle  coa t  a n d  
the i r  i n n e r v a t i o n .  The  ar te r ies  are enci rc led  b y  b u n d l e s  
of n o n - m y e l i n a t e d  axons  which  of ten  a p p e a r  to  be  more  
closely r e l a t ed  to  po r t i ons  of t he  lung  p a r e n c h y m a  t h a n  
to t he  a r t e r y  t h e y  are i n n e r v a t i n g .  Ne rve  f ibres  i n t i m a t e l y  
associa ted  w i t h  p u l m o n a r y  capi l lar ies  h a v e  been  descr ibed 
in t he  k i t t e n  3 and  t he  snake  ~. 

The  re la t ion  of n e r v e  f ibres  to  p u l m o n a r y  alveol i  an d  
t h e i r  capi l lar ies  was  e x a m i n e d  w i t h  t he  e lec t ronmicro-  
scope. L u n g  lobes in  a n a e s t h e t i z e d  dogs were per fused  
t h r o u g h  t h e  p u l m o n a r y  a r t e r y  w i t h  2 .5% g l u t a r a l d e h y d e  
in  0 . 1 M  p h o s p h a t e  buf fe r ;  sma l l  pieces of t i ssue  were 
pos t f ixed  w i t h  1% ()sOt, e m b e d d e d  in ara ld i te ,  a n d  t h i n  
sect ions  s t a ined  w i th  lead and  e x a m i n e d  in an  A E I  6B 
e lec t ronmicroscope.  Be tween  t he  s m o o t h  musc le  l ayer  
of p u l m o n a r y  ar te r ies  100-200 ~ in d i a m e t e r  and  t h e  
p u l m o n a r y  alveoli  a n d  t h e i r  capil laries,  t h e r e  is a space 
of 3-4  ix occupied  b y  col lagen fibres,  processes  of f ibro-  
cy tes  a n d  bund l e s  of n o n - m y e l i n a t e d  axons  enclosed in 
S c h w a n n  ceils. The  axon  bund l e s  r un  a t  v a r y i n g  d i s tances  
f rom the  s m o o t h  muscle  cells of t he  p u l m o n a r y  ar ter ies .  

In  t h e  F igure  a b u n d l e  of axons  is seen in close a p p o s i t i o n  
to  a cap i l la ry  a n d  s e p a r a t e d  b y  t h e  full w i d t h  of t h e  
col lagen layer  f rom t h e  s m o o t h  muscle  cells of t h e  pul-  
m o n a r y  a r t e ry .  T h e  axon  b u n d l e  lies b e t w een  t h e  cap i l l a ry  
en d o t h e l i u m an d  t h e  process  of a per icy te .  Severa l  of t h e  
axon  profi les are pa r t i a l l y  ba r e  of S c h w a n n  cell cyto-  
p l a s m  a n d  c o n t a i n  vesicles. One  such  a x o n  is w i t h i n  
1000 A of t h e  endo the l i a l  cell a n d  a n o t h e r  w i t h i n  450 
of t h e  per icyte .  T h e  axons  are of 2 k inds  d e p e n d i n g  on  
t h e i r  vesicle c o n t e n t  : one k ind  con t a in s  a g r a n u l a r  vesicles 
500 A in d i a m e t e r  a n d  occas ional  vesicles a r o u n d  1000 
in d i a m e t e r  w i t h  a m o d e r a t e l y  e lec t ron-dense  core. Th i s  
is t h e  a p p e a r a n c e  cha rac t e r i s t i c  of chol inergic  t e r m i n a l  
f ibres  5. T h e  o the r  k i n d  of a x o n  con t a in s  3 types  of vesicles : 
vesicles 500 .&_ in d i a m e t e r  w i t h  a n  in t ense ly  e lect ron-  
dense  core;  vesicles of 1000 .~ w i t h  a m o d e r a t e l y  e lec t ron-  
dense  core, a n d  vesicles 850-1000 ~_ in d i a m e t e r  w i t h  a 
more  e lec t ron-dense  core. Th i s  is t h e  a p p e a r a n c e  charac-  
t e r i s t i c  of no rad rene rg ic  t e r m i n a l  fibresS, 6. 

Such  b u n d l e s  of vesicle-fi l led axons  closely r e l a t ed  to  
capi l lar ies  are n o t  in f requen t .  T h e  capil lar ies ,  wh ich  are  
close to  p u l m o n a r y  ar te r ies  or  ar ter ioles,  in  add i t i on  to  
t h e i r  endo the l i a l  l in ing  are  a lways  s u r r o u n d e d  b y  pro-  
cesses of per icy tes ,  b u t  h a v e  no  s m o o t h  muscle  cells 
r e l a t ed  to t h e m .  

T h e  g rea t  m a j o r i t y  of a lveo la r  capi l lar ies  are no t  
i n n e r v a t e d  ~, b u t  t h e  p re sen t  f ind ings  sugges t  t h a t  t h e r e  
are  some vessels in  t h e  lung  p a r e n c h y m a ,  l ack ing  a s m o o t h  
muscle  coat ,  an d  the re fo re  called capil laries,  wh ich  receive 
a double  m o t o r  i n n e r v a t i o n .  These  cap i l l a r i e s  all  h a v e  
pe r i cy tes  a n d  i t  m a y  be  these  cells wh ich  re spond  to t he  
re leased t r a n s m i t t e r  L 

Zusammenfassung. Nachweis  e iner  d o p p e l t  m o t o r i s c h e n  
I n n e r v a t i o n  eines Teiles der  K a p i l l a r e n  in der  H u n d e -  
lunge :  Bi inde l  m a r k l o s e r  N e r v e n f a s e r n  m i t  e lek t ronen-  
mik roskop i sche r  C h a r a k t e r i s t i k  cho l inerger  u n d  noradre -  
ne rger  N e r v e n e n d i g u n g e n  bis  1000 ~ E n t f e r n u n g  v o n d e r  
K a p i l l a r w a n d .  
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Bundle of axons, some containing vesicles, lying between capillary 
endothelium and process of a perieyte. Glutaraldehyde-OsO 4 fixed 
dog hmg. Calibration 1 ~. 
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Cell Prol i ferations in Lymantria dispar L. Larvae Infected with  the Nuclear  Polyhedros i s  Virus 

I n  i n v e r t e b r a t e s  b o t h  ~the p ro l i f e r a t i ng  processes  a n d  
the i r  causes  h a v e  been  less s tudied .  The  m a l i g n a n t  degen-  
e r a t ion  of some t issues  in  th i s  g roup  is d i f f icul t  to  d e m o n -  
s t ra te ,  a n d  because  of lack of m a t e r i a l  some a l t e r a t i ons  
wh ich  h a v e  b e e n  obse rved  especial ly  in  insec ts  c a n n o t  be  
c o m p a r e d  w i t h  t he  t r ue  m a l i g n a n t  processes�9 in  ve r t e -  
b r a t e s  1. 

There  are  t u m o u r s  k n o w n  to be  p roduced  in insec ts  
b y  some pa ras i t e s  or e x p e r i m e n t a l l y  i nduced  b y  inocu la t -  
ing nucleic  acid e x t r a c t s  2-5. PAILLO'r ~ descr ibed ac t ive  
neop lasm- l ike  t i ssue  p ro l i fe ra t ions  induced  b y  v i ruses  in  
Agrotis segetum L., an d  BIRD 7 obse rved  a b n o r m a l  cell 
g r o w t h  a n d  p ro l i fe ra t ion  of t h e  m i d g u t  in  t h e  r egene ra t i ve  
n id i  area.  I n  1959, L'HF-LIAS 8 succeeded in pu r i fy ing  a 
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t u m o u r - i n d u c i n g  v i ra l  f ac to r  in  Pieris brassicae L. a n d  
l a t e r  HUKUHARA 9 recorded  t u m o r a l  f o r m a t i o n s  in t h e  
h y p o d e r m i s  of Bombyx mori L. l a rvae  in fec ted  b y  t h e  
Tipula iridescent Virus.  

D u r i n g  our  i nves t i ga t i ons  on  t h e  nuc lea r  po lyhedros i s  
of Lymantria dispar L. we obse rved  obv ious  cell prol ifer-  
a t i ng  processes  in some k inds  of t issues.  I n  t h e  fol lowing 
expe r imen t ,  t h e  L. dispar L. l a rvae  in fec ted  e x p e r i m e n t a l l y  
w i t h  t he  nuc lea r  po lyhedros i s  v i rus  b y  a p rocedu re  pre-  
v ious ly  descr ibed  x~ were  f ixed in Ca rnoy ' s  a n d  D u b o s c q  
Bras i l ' s  f ixa t ives  a n d  e m b e d d e d  in paraf f in .  6 mic ron  
sec t ions  were s t a i ned  w i t h  ferr ic  h e m a t o x y l i n - e o s i n  an d  
w i t h  h e m a l a u n - e o s i n - l i g h t  g reen  or m e t h y l e n e  blue. 
Feu lgen ' s  h i s t ochemica l  r eac t ion  a n d  s t a in ing  w i t h  m e t h y l -  
g reen  p y r o n i n e  were also used. 

Fo l lowing  v i r a l  infect ion,  t h e  nuclei  show p r o n o u n c e d  
h y p e r t r o p h y .  I n  t he  nuc l ea r  cen t re  t h e r e  emerged  from 
the  nucleolus  t h e  v i rogenic  s t roma ,  a cen t r a l  mass  in i t i a l ly  
r ich  in R N A  a n d  l a t e r  s t rong ly  enr iched  in I )NA,  where  
v i ra l  inc lus ions  were  formed.  

P ro l i f e r a t ing  processes  were found  in  h y p o d e r m i s  a n d  
t r acheae ,  a p p e a r i n g  a t  f i rs t  as a mass  of a c c u m u l a t i n g  
ceils h a n g i n g  in t h e  b o d y  c a v i t y  upon  o t h e r  t i ssues  (Fig- 
ure  1). A t  a l a t e r  s tage,  t he se  cell accumt i l a t ions  t o o k  up  
a l a rger  v o l u m e  a n d  such  h y p o d e r m i c  areas  a p p e a r e d  to  
be  p lu r i s t ra t i f i ed .  The  s u b s e q u e n t  evo lu t ion  of t he  p a t h o -  
logical  process  gave  t h e  h y p o d e r m i s  t he  a p p e a r a n c e  of a n  
i n v a d e d  t i ssue  w i t h  u n l i m i t e d  g rowth ,  p ress ing  u p o n  t h e  
a d j a c e n t  t i ssues  (Figure  2). 

I n  a v e r y  large n u m b e r  of t r acheae ,  p r o n o u n c e d  prol i fer-  
a t i n g  processes  occurred.  These  are  o b v i o u s  in cross a n d  
l o n g i t u d i n a l  sect ions  of t h e  t r a c h e a l  ep i the l i um (Figures  3 
a n d  4). 

F r o m  these  resu l t s  i t  is obv ious  t h a t ,  in  L. dispar L. 
l a rvae  infec ted  w i t h  t h e  nuc lea r  po lyhedros i s  virus,  
d e s t r u c t i v e  cell p ro l i fe ra t ions  (s imilar  to  neoplasm)  occur  
in t h e  h y p o d e r m i s  a n d  t r achea l  t issues.  

I n  b o t h  t h e  h y p o d e r m i s  a n d  t r a c h e a l  ep i the l ium,  t h e  
new cells r e su l t ing  f rom a b n o r m a l  d iv is ions  show t h e  
pa tho log ica l  a l t e r a t i ons  usua l ly  i n d u ced  b y  t h e  nuc lea r  
po lyhedros is  virus .  These  changes  are cha rac t e r i zed  b y  
nuc lea r  a n d  nuc leo la r  h y p e r t r o p h y  a n d  t h e  f o r m a t i o n  of 
a v i rogenic  s t r o m a  followed b y  t h e  a p p e a r a n c e  of v i r a l  
inc lus ion bodies. This  o b s e r v a t i o n  suggests  t h a t  t h e  nee-  
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Fig. I. Cross section of the infected larva showing cell proliferation 
of the hypodermis. The bypodermis usually formed by a single 
row of cells becomes pluristratified after infection. The cells show 
characteristic changes to the level of nucleus (n) with vfrogenic 
stroma (vs) and polyhedral bodies (pb). c, cuticle. 

Fig. 2. Massive proliferations which give the hypodermis the 
appearance of a tissue with unlimited growth, vs, virogenic stroma; 
c, cuticle. 
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Fig. 3 and 4. Cross and longitudinal sections of the trachea. The tracheal epithelium is formed of many rows of cells. The nuclei 
show hypertrophy having virogenie stroma (vs) and polyhedrM bodies (pb). 

p lasm-l ike  prol i fera t ing processes are induced  by  nuclear  
polyhedrosis  virus. 

In  an a t t e m p t  to  correlate  t he  a l tera t ions  observed  by  
us w i th  the  a l tera t ions  induced  by  o ther  viruses  which  
are known to genera te  ma l ignan t  tumours ,  i t  is found  t h a t  
only  the  viruses conta in ing  D N A  or double  s t r anded  R N A  
can induce  tumours ,  for example  t h e  viruses f rom the  
var iola-vaccina  and P a p o v a  group. The viruses inducing 
the  nuclear  polyhedros is  in insects  also have  D N A  11-12. 
On the  o the r  hand ,  i t  was r epor ted  t h a t  t he  pathological  
a l te ra t ions  which  occur in general  in b o t h  the  cell nuclei  
infected wi th  the  po lyhedra l  viruses,  and  the  prol i fera t ing 
cells, are similar  to  the  a l tera t ions  recorded in m a m m a l i a n  
turnouts .  Thus  the  nuclear  h y p e r t r o p h y ,  t he  c h r o m a t i n  
marg ina t ion  process,  t he  increase of D N A  which  are 
a lways found in t he  nuclear  polyhedros is  of Lep idop te rous  
larvae  13-~, are also specific a l te ra t ions  in ma l ignan t  
t umour s  ~8-20. Moreover,  t he  occurrence of ch romat i c  
mass  in the  nuclei  of ma l ignan t  Cells, s imilar  to  virogenic 
s t roma  f rom the  po lyhedra l  infection,  was also r epor ted  in 
r a t  t u m o u r s  induced  by  the  po lyoma  virus 2~ in t he  green 
monkey  k idney  cells infec ted  ill v i t ro  w i th  SV 40 ~2. 

The grea t  s imi lar i ty  of t he  a l te ra t ions  r epor ted  above 
t o  those  of a ma l ignan t  k ind suggests  t h a t  t he  nuclear  
polyhedros is  virus  of L. dispar L. can induce tumours .  
This  is r epo r t ed  for f i rs t  t ime  in tile p re sen t  inves t igat ion.  
A ques t ion  which  remains  to  be answered  is w h e t h e r  our  
virus strain,  which  was always p resen t  in these  neoplasm-  
like cell prol i ferat ions,  is alone involved in t he  et iology 
of these  tumours .  F u r t h e r  s tudies  are in progress  in an 
a t t e m p t  to answer  th is  quest ion.  

Rdsumd. Dans  l ' h y p o d e r m e  et  l '6pi thel ium trach6al  de 
chenilles de Lymantria dispar L. infect4es exp4r imenta le-  
merit  avec le virus  de la polyh4drose  nuclgaire, nous avons  
d6couver t  des prol if6rat ions cellulaires de t y p e  n6oplas- 
mique.  Dans  les cellules des t issus de prol i f4rat ion on 
observe  une h y p e r t r o p h i e  du noyau  et  du nucl6ole, la 
fo rma t ion  d ' u n e  s t rome  viroggnique et  l ' appar i t ion  d ' in-  
clusions virales - modif ica t ions  caract6r is t iques  produi tes  
par  le virus de la polyh6drose  nucl6aire. 
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