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Fig. 1. Whole mount of mesothoracic neurohaemal organ (nho). 
rag, mesothoraeic ganglion; igc interganglionic connective. 

Fig. 2. A portion of mesothoracic dorsal nerve (mdn) to show the 
neuroseeretory material (nsrn). ptg, prothoraeic gland. 

b y  s t a in ing  w i t h  reduced  m e t h y l e n e  blue  so lu t ion  in s i tu  
(0.5% ascorbic  acid in 2% of aqueous  m e t h y l e n e  blue).  

The  base  of t h e  meso thorac i c  dorsa l  ne rve  of t h e  l a rva  
of Philosamia ricini, which  arises f rom t h e  in te rgangl ion ic  
connec t ives  b e t w e e n  t h e  p ro tho rac i c  an d  meso thorac i c  
ganglia ,  bea r s  a d i s t i nc t  d i l a t ion  (Figure 1) r ep resen t ing  
t h e  thorac ic  n e u r o h a e m a l  organ.  Granules  of nenro -  
secre tory  m a t e r i a l  were found  a t  2 places in  the  meso-  
tho rac ic  dorsa l  ne rve  (Figures 1 a n d  2) which  i n n e r v a t e s  
t h e  p ro tho rac i c  gland.  

HINKS 3 cons idered  t h e  presence  of wel l -developed 
thorac ic  n e u r o h a e m a l  o rgans  to be  a p r i m i t i v e  feature ,  
p r o b a b l y  because  such  o rgans  are  also r epo r t ed  in B la t -  
t a r i a  4. He  f u r t h e r  r epo r t ed  t h a t  these  o rgans  m i g h t  
h a v e  been  s imp ly  over looked  in o the r  insec ts  or been  
inconspicuous ,  b u t  i t  was  possible  t h a t  some insects  
re lease  thorac ic  neu rosec re t ion  f rom o the r  end  organs.  
DELPHIN 5 showed  t h e  neu rosec re to ry  Lranspor t  alozag 
t h e  v e n t r a l  n e r v e  cord,  a n d  BURGESS ~ found  t h e  presence  
of neurosecre t ion  t h r o u g h  t h e  l o n g i t u d i n a l  axons  of 
t h e  v e n t r a l  n e r v e  cord of ce r t a in  Dip te ra .  CHALAVE 7 
r epo r t ed  t h a t  one t y p e  of t h e  neu rosec re to ry  p r o d u c t  of 
t h e  suboesophagea l  neu rosec re to ry  cells is t r a n s p o r t e d  to 
t h e  corpora  ca rd i ac s  or corpora  a l l a t a  a n d  a second type ,  
p roduced  b y  o the r  cells, passes  b a c k  in to  t h e  v e n t r a l  
ne rve  cord. HINKS s bel ieves  t h a t  t ho rac i c  a n d  a b d o m i n a l  
( la tera l  an d  medial )  n e u r o h a e m a l  o rgans  each  s tores  a n d  
releases a s ingle  b u t  d i f fe ren t  t y p e  of neorosecre t ion  unl ike  
t h e  corpora  cardiaca ,  wh ich  in all insec ts  s tore  an d  release 
severa l  d i f fe ren t  secre t ions  3. 

Rdsumd. Dans  la  l a rve  de Philosamia ricini, le neff  
dorsa l  m6so tho rac ique  poss~de s sa base  u n  organe  
n e u r o h 6 m a l  c o n t e n a n t  des 616ments neurosfcr6t i fs .  
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The  Effect of L y m p h o s t a s i s  on  the  I so la ted  W o r k i n g  Rat  Heart  

The  imporLance of t he  mechan i ca l l y  induced  r e s t r i c t ion  
of t he  l y m p h a t i c  c i rcu la t ion  in r e l a t i on  to t he  d a m a g e  of 
t he  m y o c a r d i u m  has  o f ten  been  e m p h a s i z e d  in r ecen t  
years  b y  F6LDI et  al. l-s. The i r  f ind ings  sugges t  t h a t  
i m p a i r m e n t  of t h e  card iac  l y m p h  flow af te r  l iga t ion  of t h e  
l y m p h  vessels is fol lowed b y  severe  changes  in t he  myo-  
c a r d i u m  wh ich  are caused b y  card iac  l y m p h e d e m a  a n d  b y  
n a r r o w i n g  of t he  co rona ry  ar ter ies  as a resu l t  of p l a s m a  
i m b i b i t i o n  of t he  vascu la r  wal l  4. 

I n  c o n t r a s t  to  these  f indings ,  o the r  i nves t iga to r s  did  
no t  obse rve  a n y  myoca rd i a l  changes  a f t e r  l iga t ion  of t h e  
l y m p h a t i c s  5,6. There fo re  t h e  i m p o r t a n c e  of t he  l y m p h o -  
s ta t i c  m y o c a r d i a l  d a m a g e  was d i spu t ed  a n d  d o u b t s  arose 
w h e t h e r  a n  impa i r ed  l y m p h  flo w would  ac tua l l y  resu l t  in  
cardiac  fa i lure  7. I n  compar i son  w i t h  t he  co rona ry  flow, 
the re  is a v e r y  low card iac  l y m p h  flow of a b o u t  4.8 ml /g  

h e a r t  t i s sue /24  h a t  i ts  m a x i m u m  s. On t h e  o the r  h a n d ,  t he  
ve loc i ty  of t h e  card iac  l y m p h  flow as shown  in t h e  isola ted 
h e a r t  b y  ind ia  ink  in j ec t ion  is considerable ,  wh ich  suggests  
the  presence  an d  ef fec t iveness  of l y m p h o v e n o u s  anas to -  
moses 3. In  our  s tudies ,  i t  was  of special  i n t e r e s t  to  e s t ab l i sh  
w h e t h e r  a p a r t i a l  r e s t r i c t ion  of t h e  l y m p h  flow was a 
f ac to r  l imi t ing  t h e  p e r fo rman ce  of t h e  h e a r t  (as measu red  
b y  t h e  m i n u t e  o u t p u t  of t h e  aor ta) ,  an d  if so, a f t e r  wh ich  
per iod  of t i m e  func t iona l  a n d  morpholog ica l  changes  
would occur. 

Materials and methods. H e a r t s  of ma le  a lb ino  r a t s  w i t h  
a n  ave rage  we igh t  of 230 g were p r e p a r e d  a n d  per fused  by  
a modi f ied  MORGAN t e c h n i q u e  *~ : pe r fus ion  a t  37~ 
p H  7.4, a r t e r i a l  pO2 646 m m  Hg, venous  pO 2 360 m m  Hg 
(Langendorff )  a n d  200 m m  t t g  (working hear t ) .  The  
isola ted h e a r t s  were sub jec t ed  to  r e t rog rade  pe r fus ion  
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Fig. 1. Behaviour of the aortic output and coronary flow of the 
isolated Langendorff and working rat heart. One group with lympho- 
stasis (by ligature) and 2 groups without lymphostasis (controls), 
but perfused with an insulin-containing or insulimfree medium 
(glucose 5.5 mM). The performance of the working heart is rapidly 
decreased during lymphostasis, while the controls do not indicate 
changes of the aortic output. 

t h ro u g h  the  aor ta  for 30 min  by  the  m e t h o d  of Langen-  
dorff, followed by  an o r th rograde  perfus ion via the  left 
a t r ium.  To produce  a lymphos tas i s ,  the  lung hill being 
l igated including the  p u l m o n a r y  a r t e ry  and  pe r ica rd ium 
and moreover  the  per iaor ta l  connec t ive  t issue jus t  above 
the  aort ic  cannula,  t ak ing  in to  cons idera t ion  the  course 
of the  grea t  l y m p h  vessels in the  dog hea r t  2,11,1~, because 
i t  is ve ry  diff icult  to isolate the  l ympha t i c s  in the  ra t  and  
l igate t h e m c o m p l e t e l y .  Lymphos t a s i s  was d e m o n s t r a t e d  
by  in jec t ing  india  ink in to  the  wall of the  left hear t .  
Re t en t i on  of the  indian  ink in jec ted  was only found  in 
animals  wi th  l igature of lung hill and per iaor ta l  connec t ive  
tissue. To compare  the  funct ional  d a t a  w i th  the  morpho-  
logical f indings,  the  animals  were d iv ided in to  3 groups:  
group 1 included animals  wi th  comple te  l igature of t he  
lung hill and the  per iaor ta l  connec t ive  t issue ( lympho-  
stasis group),  group 2 and  group 3 consis ted of animals  
w i t h o u t  obs t ruc t ion  of the  l ympha t i c s  (controls), bu t  in 
t he  3rd group insulin (10 IU  of insulin/l) was added  to  the  
medium.  

For  l ight  microscopical  examina t ion ,  pa ra f f i n - embedded  
s tage cut  cross sect ions (6 / ,m in thickness)  and meta -  
c ry l a t e - embedded  semi th in  sect ions (0.5-1 #m) were 
p repa red  and  s ta ined  wi th  h a e m a t o x y l i n  and  eosin (HE) 
or Mova t  for si lvering b a s emen t  membranes .  

For  e lectron microscopical  examina t ion ,  small  pieces 
(1 • 1 mm) of the  myoca rd ium (right vent r ic le  and  inner  
layer  of the  left ventricle)  were used, f ixed wi th  cacodyla te  
buffered osmium te t roxide ,  and e m b e d d e d  in Ves topa l  
W. U l t r a th in  sect ions were ob ta ined  by  means  of L K B  
u l t r a tome  and s ta ines  sect ions were examined  using the  
E lmiskop  Ia  (Siemens AG). 

Resul ts  and  discussion.  A progress ive  decrease in the  
aort ic  o u t p u t  of the  l igated group was no ted  af ter  a per iod 
of 15 min,  while the  coronary  flow was unchanged  
(Figure 1). Histologically,  in ters t i t ia l  and cellular edema 
were found in the  hear t s  wi th  a reduced  l y m p h  flow, mos t  
f r equen t ly  accompanied  wi th  d i la ta t ion  of the  subepi-  
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Fig. 2. Enlargement of the interstitial spaces and dilatation of the 
lymph capillaries, as well as severe edema of the muscle cells, are 
shown after long-lasting perfusion of the working rat heart (a). The 
same findings are noted ill animals with cardiac lymphostasis, but 
they are lacking in the controls or short-time perfused hearts (b). 
Semithin sections, Movat's silver staining. • 320. 
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cordia l  l y m p h  vessels even  a f t e r  60 min  of per fus ion  in t h e  
work ing  hea r t .  The  i n t e r s t i t i a l  spaces  as well as t he  l y m p h  
capil lar ies  were enlarged.  These  f ind ings  are  iden t i ca l  w i t h  
those  a f t e r  l ong- t ime  per fus ions  (Figure  2a  a n d  b). 
E l e c t r o n  microscopical ly ,  t h e  muscle  cells showed a n  
e d e m a  especial ly  in  t he  s u b s a r c o l e m m a l  space, a loss in  
m i t o c h o n d r i a l  g ranules  and  severe  changes  in t h e  cell 
s t r u c t u r e  such  as swell ing of t he  m i t o c h o n d r i a  p a r t l y  w i t h  
g rea t  e lec t ron-dense  I locculent  granules ,  c o n t r a c t i o n  
b a n d s  of t he  myof i l amen t s ,  d i s i n t eg ra t i on  of t he  Z-bands ,  
a n d  f ibri l lolysis  (Figure 3). E d e m a  of t he  cap i l la ry  
e n d o t h e l i u m  w i t h  a n a r r o w i n g  of t he  l u m e n  of t he  b lood  

capi l lar ies  was  usua l ly  recognized.  Foca l  necrosis  of 
t h e  muscle  cells was  obse rved  on ly  in  t h e  work ing  left  
hea r t .  The  changes  descr ibed  above  d id  n o t  occur  in  
an i ma l s  w i t h o u t  b lock ing  t h e  l y m p h  flow, excep t  some 
smal l  changes  in t h e  muscle  cells a n d  b lood  cap i l la ry  
en d o t h e l i u m.  I n  al l  groups,  en la rged  l y m p h a t i c s  h a v e  been  
seen p a r t l y  w i t h  ' open  endo the l i a l  j u n c t i o n s '  i3 increas ing  
w i th  t h e  seve r i ty  of e d e m a  1~ (Figure 4). Compar ing  t he  
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Fig. 3. Part of a muscle cell (mc) 
of the isolated working rat heart 
(left ventricle) with edema, fibrillo- 
lysis, and floeculent dense granula 
within swollen mitochondria. Be- 
side a blood capillary (e) with 
enlarged endothelial cell (e) and a 
normal perieyte (pc). Group 1 
(lymphostasis). Electron microse. 
12,000, total magnification 24,000. 

Fig. 4. Wide opened lymphatic 
capillary (lc) without basement 
membrane beside an arteriole in 
the left ventricle of the isolated 
working rat heart. Overlap (-->) of 
an endothelial cell surrounded by 
anchoring filaments (af). Group 2 
(control). Electron mierosc. 12,000, 
total magnification 24,000. 
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2 con t ro l  groups,  an  i n t e r e s t i ng  fac t  was  n o t e d :  in t he  
h e a r t s  pe r fused  w i t h  a n  i n s u l i n - con t a i n i ng  m ed i um,  in 
a g r e e m e n t  w i t h  t h e  f u n c t i o n a l  f indings ,  no  d a m a g e  to  t he  
muscle  cells or e n l a r g e m e n t  of t he  s a r cop l a sma t i c  re t i -  
cu lum (T- tubul i )  was  found  as seen in  long- t ime  L angen -  
do r f f -p repa ra t i ons  1~. 

Our  f ind ings  m a y  be  i n t e r p r e t e d  t h u s  : T he  f o r m a t i o n  of 
ca rd iac  e d e m a  is in tens i f i ed  b y  t he  l iga t ion  of l y m p h  
vessels in  t h e  i so la ted  work ing  hea r t .  Moreover ,  a n  
in te r fe rence  w i t h  mic roc i r cu la t ion  due  to  edema,  swell ing 
of t he  endo the l i a l  cells a n d  closed or  col lapsed b lood 
capi l lar ies  is increased  b y  lyn lphos tas i s .  Therefore ,  t h e  
i r revers ib le  d a m a g e  to  t he  m y o c a r d i u m  is no t  on ly  t he  
resu l t  of t he  l y m p h e d e m a  b u t  also due to ischemia,  
acco rd ing  to  o t h e r  i nves t iga to r s  16. 
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The  reduced  l y m p h  flow causes  a n  i m p a i r m e n t  of 
m e t a b o l i s m  because  oxygen  t r a n s p o r t ,  s u b s t r a t e  u t i l iza-  
t ion,  and  r e m o v a l  of m e t a b o l i t e s  m a y  be h indered .  I f  
insu l in  is added  to  t he  med ium,  t he  s u b s t r a t e  u t i l i za t ion  is 
cons ide rab ly  improved ,  so t h a t  t he  d i s t u r b a n c e  of micro-  
c i rcu la t ion  is c o m p e n s a t e d  for a ce r t a in  per iod  of t ime.  
R e c e n t  i nves t i ga t i ons  17-2~ h a v e  shown  t h a t  glucose a n d  
insu l in  h a v e  a p r o t e c t i v e  effect  on  hypox i ca l l y  i nduced  
i n j u r y  of t he  hea r t .  W h e t h e r  a s imi la r ly  f a v o u r a b l e  effect  
occurs  in  l y m p h o s t a s i s  will h a v e  to  be shown in f u r t h e r  
expe r imen t s .  

Zusammen/assung. Die expe r imen te l l e  L y m p h s t a u u n g  
b e w i r k t  a m  isol ier ten,  a r b e i t e n d e n  R a t t e n h e r z e n  t r o t z  
k o n s t a n t e m  Koronar f luss  eine progress ive  A b n a h m e  de r  
Auswur f l e i s tung  des l inken  Ventr ike ls ,  die morpho log i sch  
u n t e r  a n d e r e m  m i t  e inem in te r s t i t i e l l en  u n d  in t r a -  
zellul/ iren 0 d e m ,  in sbesonde re  der  Herzmuske lze l l en  ul ld 
K a p i l l a r e n d o t h e l i e n  sowie m i t  pa r t i e l l en  Herzmuske l -  
ze l lnekrosen  e inhergeh t .  

t-I. GUSKI, P. ]~UNTROCK, H. BRASELMANN a n d  
I. MARX 21 

Pathologisches Institut des Bereichs Medizin, 
Rudol[- Virchow-Haus der Charitd, 
Humboldt-Universiliit Berlin, Schumanmtrasse 20/21, 
704 Berlin (German Democratic Republic, DDR),  
24 June 1974. 

Degeneration in the Adult Rat Spinal Cord Following Systemic Treatment with 6-Hydroxy-  
dopamine.  Electron Microscopic Study 

Whi le  t h e r e  is now  cons iderab le  ev idence  a t  t he  u l t r a -  
s t r u c t u r a l  level  to  show t h a t  t he  sys temic  a d m i n i s t r a t i o n  
of 6 - h y d r o x y d o p a m i n e  (6-OHDA) in a d u l t  an i m a l s  causes  
degene ra t i on  of pe r iphe ra l  no rad rene rg i c  (NA) ne rve  
t e r m i n a l s  1-9, t h e  effect  of t he  d rug  v ia  th i s  rou te  on  t he  
cen t r a l  N A  sys t ems  would  a p p e a r  to  be m u c h  more  severe  
if t he  an ima l s  t r e a t e d  were n e o n a t e s  t h a n  if t h e y  were 
adults10 15. Th i s  has  been  a t t r i b u t e d  to t he  g rea te r  
p e r m e a b i l i t y  ot 6 - O H D A  across t he  b lood -b ra in  ba r r i e r  in  
t i le  fo rmer  t h a n  in t h e  l a t t e r  (see TI~OENEN a n d  TRANZER 16 
for discussion).  On t he  o the r  h a n d ,  in  a d u l t  an imals ,  w h e n  
a p p r o p r i a t e  doses of t he  d rug  were in jec ted  e i the r  direct ly ,  
i n t r a c i s t e r n a l l y  or i n t r a v e n t r i c u l a r l y ,  in severa l  nuclei  
t h a t  are k n o w n  to h a v e  a r ich  N A  i n n e r v a t i o n ,  e lec t ron  
mic roscopy  showed degene r a t i on  of n e r v e  t e r m i n a l s  17-22. 
This  suggests  t h a t  6 - O H D A  can  cause  se lect ive  degenera-  
t i on  of cen t r a l  N A  n e r v e  t e r m i n a l s  as well as p e r i p h e r a l  
ones. Recen t ly ,  a rev iew on t he  cen t r a l  effects of 6 - O H D A  
suggests  t h a t  in  a d u l t  an ima l s  a l i t t l e  of t he  d rug  m a y  cross 
t he  b lood -b ra in  ba r r i e r  2~. W h e t h e r  th i s  a m o u n t  of 
d i f fus ion  of 6 - O H D A  would  cause  a suff ic ient  degree of 
d e g e n e r a t i o n  of cen t r a l  N A  n e r v e  t e r m i n a l s  t h a t  can  be 
de t ec t ed  u l t r a s t r u c t u r a l l y  is no t  known.  The  p r e s en t  p a p e r  
descr ibes  a n  e lec t ron  microscopic  s t u d y  of th i s  p r o b l e m  
in t he  i n t e r m e d i o l a t e r a l  c o l u m n  (ILC) of t he  adu l t  r a t  
sp ina l  cord, a nuc leus  t h a t  is k n o w n  f rom f luorescence 
h i s tochemica l  s tud ies  to  be  r i ch ly  i n n e r v a t e d  b y  N A  
n e r v e  t e r m i n a l s  24. 

A d u l t  a lb ino  r a t s  we igh ing  be t w een  250-300 g were 
g iven  a single i.v. i n j ec t i on  t h r o u g h  t he  s a p h e n o u s  ve in  
of 100 m g / k g  6 - O H D A  HC1 (25 m g / m l  6 - O H D A  HC1 
dissolved in a so lu t ion  c o n t a i n i n g  1 m g / m l  ascorbic  acid). 

Cont ro l  r a t s  were in jec ted  i.v. w i t h  a n  e q u i v a l e n t  v o l u m e  
of ascorbic  acid. A t  24, 48 a n d  72 h a f t e r  i n j ec t ion  of 
6 -OHDA,  t h e  sp ina l  cord was f ixed b y  i n t r a c a r d i a c  
per fus ion  witt l  a so lu t ion  con ta in ing  2% p a r a f o r m a l d e h y d e  
a n d  2.5% g l u t a r a l d e h y d e  in 0.1 M cacody la t e  buf fe r  
c o n t a i n i n g  0.5 rag/1 CaCI~. The  per fus ion  t i m e  was a b o u t  
20 rain.  A sho r t  s egmen t  of t i le mid - tho rac i c  sp ina l  cord  
was t h e n  carefu l ly  d issected  ou t  and  f u r t h e r  sliced 
t r a n s v e r s e l y  in to  t h i n n e r  segments .  The  l a t t e r  were k e p t  
o v e r n i g h t  in  ice-cold f resh f ixa t ive ,  a f te r  wh ich  t h e y  were 
pos t - f ixed  in 1% o s m i u m  t e t rox ide  ~s, d e h y d r a t e d  w i t h  
ace tone  and  e m b e d d e d  ill a ra ld i te .  S e m i - t h i n  t r a n s v e r s e  
sect ions  of t he  sp ina l  cord were s t a ined  w i t h  m e t h y l e n e  
blue  a n d  p r e p a r e d  for l igh t  microscopy.  U l t r a - t h i n  
t r a n s v e r s e  sect ions  were s t a ined  w i t h  aqueous  s a t u r a t e d  
u r a n y l  a ce t a t e  2G a n d  lead c i t r a t e  ~7 a n d  e x a m i n e d  in a 

H i t a c h i  HS-8  e lec t ron  microscope.  
The  obse rva t i ons  were conf ined  to t he  ILC of t h e  a d u l t  

r a t  sp ina l  cord (Figure 1, inset) .  The  resu l t s  will  be  ex- 
pressed  in t e r m s  of those  pos i t ive  fea tu res  t h a t  were 
p r e s e n t  in  t h e  e x p e r i m e n t a l  m a t e r i a l  b u t  were  a b s e n t  in  
t he  controls .  The  e v a l u a t i o n  of t h e  presence  oi degenera-  
t ion  was a ided  b y  reference  to  t he  p a p e r  of GLEES a n d  
HASAN ~s and  to p rev ious  s tud ies  on t h e  d e g e n e r a t i o n  of 
cen t r a l  N A  ne rve  t e r m i n a l s  fol lowing t r e a t m e n t  w i t h  
6_Ot-IDA1~-~2. 

A s t u d y  of t he  24 h m a t e r i a l  showed  t h a t  s ca t t e r ed  
sparse ly  in t he  genera l ly  no rma l - look ing  neurop i l  were 
ne rve  t e r m i n a l s  t h a t  were more  e lec t ron-dense  t h a n  o the r s  
t h a t  were p r e s e n t  (Figure  1). These  e lec t ron-dense  
ne rve  t e r m i n a l s  a p p e a r e d  col lapsed w i t h  c rowding  of 
vesicles, t he  m a j o r i t y  of which  were of t h e  smal l  spher ica l  


