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is ob ta ined .  (At t he  end  of th i s  procedure ,  screw No. 2 also 
serves  to  ho ld  t h e  sect ion s t r e t che r  in  place, as m e n t i o n e d  
above) .  This  a d j u s t m e n t  b y  m e a n s  of screw No. 2 is m a d e  
possible  b y  t he  fac t  t h a t  t he  axis  of t h e  ho lder  (No. 4) is 
a r r anged  in such  a way  t h a t  t r i ang le  B (the sec t ion  
s t re tcher )  is pos i t ioned  s l ight ly  to  the  r i gh t  p r io r  to  fas ten-  
ing. T h r o u g h o u t  the  in i t ia l  p rocedure ,  t r i ang le  B is guided 
b y  the  f ea the r  (No. 5). Techn ica l  de ta i l s  of t h e  a p p a r a t u s  
are g iven  in  F igure  3. 

S e m i t h i n  and  u l t r a t h i n  sect ions  w i t h  a n d  w i t h o u t  the  
s y n t h e t i c  coa t ing  descr ibed  b y  BOLL et  al. s h a v e  been  
p roduced  w i t h  th i s  sect ion s t r e t c h i n g  appara{us .  

A d v a n t a g e s  of t he  a p p a r a t u s  descr ibed  are t h a t  i t  
p rov ides  a n  ideal ly  f i t t i ng  sec t ion  s t re tcher ,  a l lowing for  
good o b s e r v a t i o n  of t he  c u t t i n g  process,  a n d  t h a t  even  
sect ions  can  be  o b t a i n e d  w i t h o u t  t he  use of a f loa t ing  

med ium.  The  r e m o v a l  of t h e  f rozen sections,  wh ich  usua l ly  
a d h e r e  to  the  glass knife  (A in F igures  1 an d  2), can  follow 
w i t h o u t  t h e  use of l iquids  b y  a n y  of t h e  k n o w n  m e t h -  
ods2, a,~,7, ~-~1. I n  a n y  case, i t  is a d v a n t a g e o u s  t h a t  t he  
sect ions  are p ro t ec t ed  f rom d r y i n g  un t i l  t h e  open ing  of t he  
sect ion s t r e t che r  a t  t h e  desired m o m e n t .  Our  exper ience  
has  been,  fu r the rmore ,  t h a t  s t a t i c  e lec t r ic i ty  causes  less 
d i s t u r b a n c e  w i t h  t h e  use of t h i s  me t h o d .  

Zusammen/assung. Es  wird  ein Schn i t t s t r eck -Ger / i t  fiir 
die U l t r a m i k r o t o m i e ,  besonders  Iiir die t r ockene  Gewin-  
n u n g  u n d  A b n a h m e  yon  s emi d i i n n en  u n d  u l t r a d i i n n e n  
Gef r i e r schn i t t en  beschr ieben .  Das  P r inz ip  des Ger~tes  
b e s t e h t  dar in ,  y o n  d en  bet  der  H e r s t e l l u n g  (Brechen)  v o n  
Glasmessern  aus  Vie recken  e r h a l t e n e n  be iden  komple-  
men t / i r en  Dre iecken  je eines als Messer, das  zweite  als 
S c h n i t t s t r e c k e r  zu ve rwenden .  
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An'Autoradiographic Method for the Demonstration of.Vagal Afferent Nerve Fibres 
in the Lower, Respiratory Tract of the Chicken (Gallus gallus dornesticus) 

The  i n n e r v a t i o n  of t he  lungs  a n d  e x t r a p u l m o n a r y  
a i rways  of the  ch icken  h a v e  been  ex tens ive ly  s tud ied  1-~. 
I n  these  a n d  o the r  i nves t iga t ions  of t h e  i n n e r v a t i o n  
of viscera,  one of t he  m o s t  diff icul t  p rob l ems  ha s  been  to  
d i s t i ngu i sh  b e t w e e n  a f fe ren t  and  ef ferent  fibres. W e  
bel ieve t h a t  we h a v e  overcome th i s  p r o b l e m  b y  
ut i l iz ing axona l ly  t r a n s p o r t e d  aH-leucine. Au to rad io -  
g raph ic  t echn iques  h a v e  p rev ious ly  b e e n  used to s t u d y  
ne rve  p a t h w a y s  w i t h i n  t he  CNS 5, cen t r a l  connec t ions  of 
dorsM roo t  ganglia% t h e  r a t e  of a x o n a l  t r a n s p o r t  7, an d  
t he  opt ic  p a t h w a y s  of severa l  species s-l~ The  p r e s en t  
s t u d y  was u n d e r t a k e n  to  d e t e r m i n e  t h e  feas ib i l i ty  of 
us ing  t h i s  m e t h o d  to  d e m o n s t r a t e  t h e  d i s t r i b u t i o n  of 
a f fe ren t  ne rve  f ibres  to  t he  lower r e s p i r a t o r y  t r a c t  of t h e  
chicken.  

Materials and methods. The  nodose  gangl ia  of 2 adu l t  
hens  each  weigh ing  1.5 kg were  t r e a t e d  w i t h  3I-I-leueine. 
A slow i.v. in fus ion  of a so lu t ion  of 400 m g / m l  of u r e t h a n e  
in a v i a n  R inge r s  so lu t ion  was g iven  u n t i l  a c o n s t a n t  
p l ane  of an ae s t h e s i a  was  ob ta ined ,  a t  a dose of a b o u t  
1.5 g /kg  b o d y  weight .  This  gave  deep an aes t h e s i a  t h r o u g h -  
ou t  the  d u r a t i o n  of t h e  e x p e r i m e n t  (12 18 h). T h e  r i gh t  
nodose  gangl ion  wh ich  lies in  t h e  t ho rac i c  in le t  was  
exposed a n d  careful ly  d issec ted  free, t h e  b i rd  m a i n t a i n e d  
b y  ar t i f ic ia l  resp i ra t ion .  A smal l  shee t  of d e n t a l  wax  was 
p laced  b e n e a t h  t h e  gangl ion  to fo rm a shal low b a t h  a n d  
t h e  gangl ion  was b a t h e d  for 30 m i n  in a 1% solu t ion  of 
h y a l u r o n i d a s e  (Koch-L igh t  L a b s ;  Cat. No. 3137 t) in 
n o r m a l  saline. T h e  gangl ion  was t h e n  s u r r o u n d e d  b y  
smal l  pieces of ge la t in  foam soaked in  ~H-leucine so lu t ion  
(Rad iochemica l  Centre,  A m e r s h a m ,  Bucks ;  Cat. No. 
T E N  70) which  were m a i n t a i n e d  in pos i t ion  b y  w r a p p i n g  
t h e  d e n t a l  wax  careful ly  a r o u n d  t h e  ganglion.  A specific 
a c t i v i t y  of 5 mCi /ml  was o b t a i n e d  b y  f reeze-dry ing  t h e  
3H-leucine a n d  t h e n  red isso lv ing  in t h e  a p p r o p r i a t e  
vo lume  of n o r m a l  saline.  I t  was a s sumed  t h a t  t h e  r a t e  of 
r ap id  t r a n s p o r t  was  a b o u t  400 m m / d a y ,  the re fore  t h e  
10 or  more  h w h i c h  t h e  b i rd  r e m a i n e d  a l ive  shou ld  h a v e  
been  suff ic ient  to  p e r m i t  the  r ap id  t r a n s p o r t  of t h e  amino  
acid to the  r ecep to r  endings.  T h e  hens  were f ina l ly  ki l led 
b y  i n t r aca rd i ac  per fus ion  w i t h  10 % formal in .  The  nodose  
ganglion,  the  vagus  j u s t  d i s t a l  to  t h e  gangl ion,  t he  

Fig. 1. Nodose ganglion from the treated side. The cell bodies (A) 
have taken up the ~H-leucine but there is little activity present 
between the cells (B). • 550. 
Fig. 2. Syrinx. A labelled nerve (A) can be seen lying beneath the 
epithelium (B) of the air sac wall. The epithelium has shrunk more 
than the other tissue and is out of focus. • 550. 
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Reflectance measurements demonstrating labelling of nervous 
structures 

Region No. of fields Photometer readings 
measured (arbitrary units) 

Range Mean 

A) Experimental nodose ganglion 
a) Interstitial tissue 4 2-3 
b) Cell bodies 4 
Control nodose ganglion 
a) Interstitial tissue 4 
b) Cell bodies 4 

B) Experimental vagus just 
a) Background 4 
b) Transverse section 

of the nerve 4 
Control vagus just distal 
to the nodose ganglion 
a) Background 4 
b) Transverse section of 

the nerve 4 

C) Experimental syrinx 
a) Syrinx wall 4 
b) Outer plexus 4 
c) Inner plexus 
d) Epithelium 
Control syrinx 
a) syrinx wall 
b) region of outer plexus 
c) region of inner plexus 
d) epithelium 

D) Experimental lung 
a) Background 
b) labelled structures 
Control lung 
a) Background 
b) labelled structures 

2.25 
140-175 159.50 

2-3 2.50 
4-5 4.50 

distal to the nodose ganglion 
4-6 5.25 

19-25 21.50 

2-3 2.5 

4-6 4.75 

7-11 8.25 
28-33 30.25 

4 27-30 28.00 
4 7-9 7.75 

4 10 12 10.75 
4 11-13 11.50 
4 11 13 11.50 
4 9-11 9.75 

4 12-15 13.25 
4 58 65 61.5 

4 11-13 11.75 
No labelled structures seen 

All readings were taken using a green filter (580 am) in the path of 
the reflected light. Field sizes within groups A, B, C, D, were the 
same. 

Fig. 3. An example of a fine meshed nerve plexus found in the ex- 
change area of lung. Note that the radioactivity is almost entirely in 
the interstitial tissue and not within the cell bodies. • 550. 

Fig. 4. The heavily labelled structure (A) is probably a btmdle of 
nerve fibres with a small branch (B) leaving the bundle. Artifacts such 
as C would be distinguished from labelled structures such as A and B 
the intensity and organisation of the reflecting area. • 550. 

t rachea ,  the  syrinx,  p r i ma ry  b ronchus  and lung f rom the  
t r e a t ed  and  un t r ea t ed  sides were t aken  for histological  
examina t ion .  Lung  f rom an un t r ea t ed  hen  was t aken  as 
a control .  Serial sect ions were made  and every  10th sect ion 
was m o u n t e d  on a ' subbed  slide'.  The slides were coa ted  in 
the  da rk  wi th  I l ford K 2 nuclear  emulsion di luted 1:1 
wi th  a 1% solut ion of glycerol. The slides were placed on a 
cold p la te  for a few min, t h e n  left to d ry  for 4-5 11. They  
were packed  in l igh t - t igh t  boxes  conta in ing  anhydrous  
calcium su lpha te  as a desiccant .  At  t he  same time, slides 
p repa red  f rom the  un t r ea t ed  side and  f rom the  un t r ea t ed  
hen  were processed in the  same way  to  act  as controls  
agains t  pos i t ive  and nega t ive  chemography .  All slides 
were exposed  for 4-6 weeks a t  4 ~ and were subsequen t ly  
developed in the  usual way  using P h e n - X  (Ilford) di luted 
1 : 1 wi th  dist i l led water .  The sect ions of nodose ganglion 
were coun te r s t a ined  wi th  cresyl violet  and  those of syr inx  
and lung wi th  h a e m a t o x y l i n  and  eosin. The slides were 
viewed by  means  of d i rect  and  ref lected l ight  using a 
Vickers M74 au torad iographic  microscope.  The ref lect ivi ty  
of var ious  pa r t s  of the  sect ions was measured  by  means  of 
a pho tomul t ip l i e r  (EMI 9592B) l inked to a digi tal  
m i c r o p h o t o m e t e r  (Vickers M720050). The ref lec t iv i ty  has 
been shown to  be l inear ly  re la ted to t he  n u m b e r  of si lver 
grains ll, 12, and is a conven ien t  m e t h o d  of compar ing  the  
r ad ioac t iv i ty  of d i f ferent  pa r t s  of the  slide. 

Results. Nodose ganglion. 3 slides, each conta in ing  
4 sect ions of the  nodose ganglion, were examined  in detail ,  
i slide f rom the  p rox ima l  p a r t  of the  ganglion,  1 f rom the  
middle  and  1 f rom the  dis ta l  par t .  These sect ions were 
chosen r a n d o m l y  and o thers  were found  to be similar.  In  
the  t r ea t ed  ganglion the  ~H-leucine was t aken  up in to  
the  cell bodies  wi th in  the  ganglion and  very  l i t t le  was 
seen in the  in ters t i t ia l  t issue (Figure 1). Ref lec tance  mea- 
su remen t s  (see Table) confi rms th is  aff ini ty  of the  neurones  
for 8I-t-leucine. Marked differences in p h o t o m e t e r  readings  
for background  and nerve  cell bodies  were seen in sect ions 
f rom the  t r ea ted  side, bu t  were no t  ev iden t  in t he  contra-  
la tera l  nodose ganglion nor  in the  un t r ea t ed  control .  
I t  is thus  possible to  rule out  pos i t ive  and  negat ive  
chemographic  ar t i fac t  and to conclude t h a t  t he  3H-leucine 
was select ively t aken  up b y  neurones  wi th  the i r  ceil bodies  
in the  ganglion. I t  has  been shown previous ly  5 t h a t  
axons  do no t  t ake  up 8H-leucine and  thus  only those  
neurones  w i th  the i r  cell bodies in t he  nodose ganglion 
were labelled. 

Vagus distal to the nodose ganglion. 3 slides each con- 
t a in ing  4 sect ions  of vagus  jus t  dis ta l  to  t he  nodose 
ganglion were examined  in detail .  Silver grains were 
sca t t e red  t h r o u g h o u t  t he  t ransverse  sect ion of the  vagus  
(see Table). They  were no t  seen in the  cont ra la te ra l  vagus  
or t he  u n t r e a t e d  vagus,  ind ica t ing  t h a t  t h e  aH-leucine 
had been  t r a n s p o r t e d  per iphera l ly  along the  distal  vagus.  

Syrinx. 2 dis t inc t  bands  of r ad ioac t iv i ty  were found  in 
the  wall of t he  t rea ted  syr inx  (Figure 2) and no t  in the  
control .  These bands '  pos i t ions  correspond to the  locat ions 
of the  inner  and outer  nerve  plexuses.  

Lung. 9 sect ions were examined  in detail ,  3 each f rom 
the  t r ea t ed  side, the  cont ra la te ra l  side and the  un t r ea t ed  
hen. 3 areas of exchange  t issue f rom each of t he  sect ions 
were.  examined  and  the  n u m b e r  of pos i t ive ly  labelled 
s t ruc tures  counted.  In  order  t h a t  the  in te rp re ta t ions  of 
the  results  should be as unequivocal  as possible,  only  
those  s t ruc tures  which  p roduced  a p h o t o m e t e r  reading  of 
a t  least  twice the  background  were coun ted  as be ing  
pos i t ive ly  labelled (see Table). The s t ruc tures  so labelled 
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var ied  f rom nerve- l ike  t h r e a d s  to  comp lex  p lexuses  in 
w h i c h  i nd iv idua l  f ibres  could be  seen (Figures  3 a n d  4). 
I n  t he  3 areas f rom each  of t he  e x p e r i m e n t a l  sect ions  a t  
leas t  4 label led  s t ruc tu re s  were found,  t yp i ca l  p h o t o m e t e r  
read ings  be ing  as shown  in t he  Table .  No such s t ruc tu re s  
were found  in lung  t i ssue  f rom the  c o n t r a l a t e r a l  side or t h e  
u n t r e a t e d  con t ro l  hen.  

Conclusion. W e  conclude  t h a t  t h i s  t e c h n i q u e  can  b e  
used to  d e m o n s t r a t e  t he  pe r iphe ra l  d i s t r i b u t i o n  of vaga l  
a f fe ren t  n e r v e  f ibres wh ich  h a v e  t h e i r  cell bodies  in  t h e  
nodose  gangl ion  and  th i s  work  is now in progress.  

Rdsumd. P a r  m a r q u a g e  du  gangl ion  n o d o s u m  avec  la  
*H-leucine nous  avons  6tudi6 Ia r e p a r t i t i o n  des aff6rences 
vagales  an  n i v e a u  de la p a t t i e  inf6r ieure du sys t6me 
resp i ra to i re  du  pou le t  p a r  des t echn iques  d ' a u t o r a d i o -  
graphic .  
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d natomy, University of Liverpool, Brownlow Hill, 
P.O. Box 147, Liverpool L69 3BX (England), 
12 November 1974. 

Samplin~ of the Rodent Dorsal Lateral Geniculate 

I n  our  l a b o r a t o r y  we h a v e  been  concerned  w i t h  t h e  
e lec t ron  mic roscopy  of r e t ina l  axon  t e r m i n a t i o n  a n d  
d i s t r i bu t i on  of t h e  neu rons  of the  dorsa l  l a te ra l  gen icu la te  
nuc leus  (DLGN) in t h e  r a t .  I n  o rder  t h a t  co r re l a t ion  could  
be m a d e  w i t h  o the r  a n a t o m i c a l  and  physiological  d a t a  
i t  was  necessa ry  to deve lop  a n  accura te  s ampl ing  t e c h n i q u e  
to  insure  precise local iza t ion  w i t h i n  t he  D L G N  of i n fo rma-  
t i on  o b t a i n e d  in u l t r a s t r u c t u r a l  s tudies .  

The  b ra ins  of l a b o r a t o r y  r a t s  were per fused  t h r o u g h  t h e  
a o r t a  w i t h  a m i x t u r e  of 4 %  p a r a f o r m a l d e h y d e  a n d  0.5% 
g l u t a r a l d e h y d e  w i t h  4 %  sucrose in 0.1 M p h o s p h a t e  
buf fe r  (pH 7.3). The  pe r fusa t e  was used a t  r oom t e m p e r -  
a ture .  Suff ic ient  pressure  for g r a v i t y  per fns ion  was 
ach ieved  b y  m a i n t a i n i n g  t he  pe r fusa t e  reservoi r  a t  a 
h e i g h t  of 3.5 feet  (78.5 m m  Hg) above  t he  animals .  
The  per fus ions  c o n t i n u e d  for a t o t a l  of 20 min.  

I m m e d i a t e l y  a f t e r  pe r fus ion  each  a n i m a l  was  de-  
c a p i t a t e d  b y  f i rs t  sever ing  t he  sof t  t i ssue  s t ruc tu re s  
a r o u n d  t he  neck  region. This  was  followed b y  a l amin-  
e c t o m y  to expose t he  u p p e r  cervical  cord. The  cervical  
sp inal  cord  was t r a n s e c t e d  w i t h  a s h a r p  razor  blade.  This  
s tep  is pe r fo rmed  to  avo id  s t r e t c h i n g  a r t i f ac t  of t h e  
b r a i n s t e m .  The  c a t v a r i u m  was r e m o v e d  w i t h  a smal l  pa i r  
of ' rongeurs ' .  

Nucleus for Electron Microscopy 

After  r e m o v i n g  t h e  b r a i n  f rom t h e  c ran ia l  cav i ty ,  t he  
b r a i n  was sliced sagi t ta ly .  E a c h  hal f  of t h e  b r a i n  was 
t r i m m e d  so t h a t  t h e  en t i re  desired nuc lea r  region was 
c o n t a i n e d  in one  t i ssue  block.  T h e  t issue b lock  was im- 
mersed  for two hour s  in cold 4 %  g l u t a r a l d e h y d e  in t he  
same  buffer  as t h e  per fusa te .  T h e  b lock  was t r a n s f e r r e d  
to  a r inse so lu t ion  of 0.1 M p h o s p h a t e  buffer  a n d  4 %  
sucrose. T h e  b lock  of b r a i n  t i ssue  was f u r t h e r  t r i m m e d  
u n d e r  a d issec t ing  microscope  to t h e  smal les t  d imens ions  
t h a t  sti l l  c o n t a i n e d  t h e  en t i r e  nuc lea r  g roup  of choice. 
W i t h  t h e  aid of a S m i t h - F a r q u h a r  t i ssue  sec t ioner  th i s  
t i ssue  b lock  was cu t  in to  serial  slices 250 [~m th ick .  
I n t e g r i t y  of t h e  slice series was  m a i n t a i n e d  b y  the  aga r  
med ia  used to s u p p o r t  t h e  block.  The  slices were p laced  
serial ly in  p a r t i t i o n e d  p las t ic  cases t h a t  c o n t a i n e d  t h e  
r inse solut ion.  Sect ions  were r insed  for a n  add i t i ona l  
10 rain.  P r io r  to  pos t - f ixa t ion  each  slice was  t r a n s f e r r e d  to  
a smal l  pe t r i  d i sh  t h a t  c o n t a i n e d  a so lu t ion  of 0 .5% 
o s m i u m - t e t r o x i d e  an d  4 %  sucrose in 0.1 M p h o s p h a t e  
buffer .  Af te r  1 to  2 m i n  in th i s  so lu t ion  t h e  surface  of t he  
slice acqu i red  a l ight  b r o w n  color. E a c h  slice was n e x t  
t r an s f e r r ed  to a pool  of p h o s p h a t e , b u f f e r e d  sucrose on  a 
clear  p las t i c  d isk  on  t h e  t r a n s i l l u m i n a t i n g  s tage  of a dis- 
sec t ing  microscope (Figure 1). T h e  osmica ted  m y e l i n a t e d  

Fig. 1 and 2. Transverse slices through the diencephalon of the rat. The slice has been lightly osmieated. Note the prominent landmarks of 
myelinated fibre tracts and blood vessels. An arrow in Figure 2 indicates sample taken for eleetron microscopy. Dorsal and ventral lateral 
geniculate nuclei (DLGN, VLGN) ; superior thalamie radiation (str); crus cerebri (cc); blood vessels (b). • 12. 


