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Summary. In rats the 3rd to 6th bronchi, measuring 500-700 ~ in diameter during inspi- 
ration, were investigated by light and electron microscopy. The histological appearance Of 
these bronchi is comparable to that of medium sized bronchioles of larger animals. 

The branched and lanceolate terminals are associated with the connective tissue of the 
lamina propria and the smooth muscle cell layer. In this way the terminals are bound to the 
myoelastic system of the bronchial wall. The myelinated afferent fiber is branched and the 
diameter measures about 4-6 microns. Besides afferent nerve terminals these are numerous 
efferent endings on the smooth muscle basement laminae. 

I t  is supposed that the described receptor represents the pulmonary stretch receptor of 
the Hering Breuer reflex. 
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Zusammen/assung. Lappenbronchien (3./6.) (Durchmesser bei mittlerer Inspirationslage 
500-700 ~x) yon m~nnlichen und weiblichen Wistarratten wurden licht- und elektronen- 
mikroskopiseh untersueht. Diese Bronehien entspreehen im Wandbau den mittleren Bronehioli 
grSl]erer Sgugetiere. 

Freie, verzweigte lanzettfSrmige Terminalfasern werden im Bindegewebe der lamina 
propria beschrieben. Sic sind in das elastisch muskulgre System der Bronchuswand eingebaut. 
Die zugeh6rige markhaltige afferente Nervenfaser ist verzweigt und hat einen Durchmesser 
yon 4-6 ~. AuBerdem werden efferente motorisehe Endigungen an der glatten Bronehial- 
muskulatur besehrieben. 

Die freien lanzettf6rmigen und verzweigten Terminalfasern sind mSglieherweise Dehmmgs- 
rezeptoren fiir den I-Iering Breuer Reflex. 

In t roduct ion 

Several  morphologica l  s tudies  have  been publ i shed  concerning the  inne rva t ion  
of the  lung (Larsell,  1921; Larsel l  and  Dow, 1933; E l f tmann ,  1943; Spencer  
et al., 1964; Benseh et al., 1965 ; Bli imcke,  1968 ; Lauweryns  et al., 1969, 1972 ; 
Fi l lenz,  1970; Hung  etal., 1972). Lauweryns  (1972) descr ibed in t raep i the l ia l  
receptors  in the  mucosa  of the  i n t r a p u l m o n a r y  a i rways  as "neuroepi the l ia l  
bodies" .  The in t raep i the l ia l  axons  are associa ted  wi th  specialized epi thel ia l  cells 
conta in ing m a n y  dense granules.  This recep tor  type ,  discussed as lung i r r i t an t  
recep tor  (Hung et al., 1973), is usua l ly  loca ted  a t  the  branching  sites of the  
bronchioles.  

Larsel l  (1923) descr ibed ano ther  t ype  of afferent  nerve t e rmina l  loca ted  in  the  
smooth  muscle bands  of the  bronehioles which he called "smooth-musc le  nerve 

* This study has been supported by the "Verein zur Un~ersuchung yon Einwirkungen der 
Luftverschmutzung auf die Volksgesundheit e.V. Bochum" and the Deutsche Forschungs- 
gemeinschaft (SI~'B Bionaeh). 
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sp indle" .  The  afferent  nerve f iber  is mye l ina ted .  On the  basis of physiological  
da ta ,  W i d d i c o m b e  (1953) sugges ted  t h a t  the  s lowly a d a p t i n g  p u l m o n a r y  s t re tch  
recep to r  of the  Her ing  Breuer  reflex is in close con tac t  wi th  the  smooth  muscle 
cells of the  p u l m o n a r y  a i rway,  while W e i d m a n n  et al. (1949) suggested this  
recep tor  to  be s i t ua t ed  below the  pleura.  

The  presen t  r epo r t  concerns the  morpho logy  of a mechanorecep tor  in the  
l amina  p rop r i a  of t he  b ronch ia l  wal l  in the  ra t .  

Mater ia ls  and Method 

Adult male and femal Wistar rats were used. The animals were anaesthetized by pheno. 
barbital injected intraperitoneally. The trachea was then cannulated, a tracheal cannula was 
inserted and the two lungs were inflated to a normal size. The tube was then closed so that 
the volume of the lungs remained constant. The animal was killed, the chest opened and the 
trachea and the lung removed. The heart lobe was prepared as previously described by 
Iravani (1971). After fixation for 2 hours in 3.5% buffered glutaraldehyde the tissue was 
dissected for microscopic investigation. The results presented here were obtained from the 
middle section of the bronchus 3./6. (see Iravani, 1971). The wall structure of this bronchus 
is identical to a bronchiolus of medium size of larger animals. The pieces were rinsed in 
phosphate buffer, postfixed in 4% osmiumtetroxide, dehydrated in graded ethanol and 
embedded in Araldite. 

Serial sections were made with a Porter Blum MT I. The ultrathin sections were cut on an 
Ultrotome (LKB III)  with a diamond knife, double-stained with uranyl acetate and lead 
citrate Reynolds 1963 and examined with an electron microscope (Philips 300). 1 

Light Microscopy 
A cross sect ion th rough  a smal l  b ronchus  (3./6.) shows the  single l ayered  

ep i the l ium wi th  c i l ia ted  cells, goble t  cells and  some brush cells. The l amina  
p rop r i a  consists  of re t icu la r  and  collagen connect ive  t issue wi th  m a n y  elast ic  
f ibers.  T h e y  are  mos t  p r o m i n e n t  jus t  below the  basemen t  lamina  as seen in  
F ig .  1. N e x t  to  the  mucosa  is a layer  of smoo th  muscle  cells. Numerous  elast ic  
f ibers  are  i n t i m a t e l y  associa ted  wi th  the  smooth  muscle cells. A ne twork  of b lood 
vessels and  l y m p h a t i c  vessels accompanies  and  pene t r a t e s  the  myoelas t ic  layer .  
Below or be tween  the  smooth  muscle  l ayer  a n u m b e r  of nerve  f iber  bundles  a re  
to  be seen. These consist  ma in ly  of u n m y e l i n a t e d  axons  b u t  among them between 
1 to  5 m y e l i n a t e d  fibers wi th  a d i ame te r  of a b o u t  4 -6  microns  are  of ten observed.  
Serial  sect ions of these bundles  show t h a t  the  per ineura l  shea th  is more p r o m i n e n t  
in  those  smal l  nerves  which  lie below the  smooth  muscles.  Be tween  the muscle  
cells, the  l amel la t ion  of the  per ineura l  shea th  becomes more  and  more  indis t inc t .  
Before i t  looses i ts  mye l in  shea th  the  axon  enlarges and  is found  to conta in  a 
g rea t  n u m b e r  of mi tochondr i a  in  the  axoplasm.  

I n  th is  region the  regula r  a r r a n g e m e n t  of the  smoo th  muscle  cells changes in 
a t yp i ca l  manner .  Much more  re t icu la r  connect ive  t issue and  elast ic  f ibers pene- 
t r a t e  the  layer  of the  smooth  muscle  cells. 

Observing the  l amina  p ropr i a  a n d  the  muscle  f ibers i t  is possible to d is t inguish  
ovoid  l ight  profi les of abou t  2 -5  microns  in d iameter .  E lec t ron  micrographs  show 
t h a t  these  profi les are  afferent  nerve  te rmina ls .  

1 We thank Mrs. Brigitte Decker for skilfull technical assistance. 
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Fig. 1. Cross section through the wall of a rat bronchus (3./6.) with the afferent myelinated 
nerve fiber (m]) of tile pulmonary stretch receptor. Terminals (arrows) of the branched re- 
ceptor axon lie between the connective tissue of the lamina propria and the smooth muscle 
cells (sin). The terminals of the receptor axon arc difficult to recognize. Respiratory epithelium 
(e), elastic network (e/), a small nerve (n) is located in the collagenous layer of the bronchus 

wall. Semithin section: X 1700 

Electron Microscopy 
After  losing the  myel in  sheath,  the  axon spl i ts  up into  several  branches  and  

t e rmina t e s  as b ranched  free lanceola te  t e rmina l s  (Andres, 1966). These t e rmina l s  
a re  loca ted  in the  connect ive  t issue be tween the  l amina  p ropr i a  and  the  layer  of 
smooth  muscle cells and  are  or ien ted  para l le l  to the  long axis  of the  bronchus.  
The  recep tor  axon  looses i t s  Schwann cell covering and  is p ro t ec t ed  only  b y  i ts  
basemen t  laminae.  F ina l ly ,  as observed in cross sections, the  two poles of the  
sp ind le -shaped  axon  t e rmina l  are  e longated.  They  are no t  comple te ly  covered 
b y  the  basemen t  laminae  (Fig. 2), b u t  are  in d i rec t  con tac t  wi th  the  sur rounding  
elas t ic  and  collagen fibers of the  connect ive tissue. I n  some cases the  elastic 
f ibers  in  con tac t  wi th  the  recep tor  t e rmina l  can be followed to the  basemen t  
l aminae  of the  smooth  muscle cell. The two e longated  poles or the  f ingerl ike 
processes of the  enlarged axon  t e rmina l  conta in  f i lamentous  ma te r i a l  s imilar  to  
t he  recep tor  ma t r ix .  The  receptor  m a t r i x  is in te rspersed  wi th  clear and  g ranu la t ed  
ves ic les  and  associa ted  wi th  l amel la tcd  corpuscles and  lysosomal  elements .  A 
g rea t  number  of round  and  ovoid mi tochondr ia  are  embedded  in the  center  of 
the  te rmina l .  I n  the  p r o x i m a l  region the  receptor  axon  conta ins  m a n y  axoplas-  
m~t ic  s t ruc tures  such as  a ne twork  of microtubules ,  axop la sma t i c  re~iculum a n d  
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Fig. 2. A cross-sectioned lanceolate terminal  (tax 1) of the pulmonary stretch receptor. 
The edges of the " lancet"  show t ight  contact  to collagen and elastic fibers (arrows). The 
basement  laminae (bl) does not  envelope the  axon terminal  completely. Rax  2 represents 
another  branch  of the  receptor axon. Receptor mat r ix  (rm), elastic fibers (el), collagen fibers 

(c/), smooth muscle cell (sin). • 25000 
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Fig. 3. Synaptical contact (sy) of an efferent nerve fiber with a smooth muscle cell (sin) 
within the receptor field of the pulmonary stretch receptor. Schwann cell (sc), basement 

laminae (bl), elastic fiber (e]), collagen fibers (c]). • 25000 

some neurof i laments .  These s t ruc tures  can be followed well in to  the  lanceola te  
t e rmina l ;  however  t h e y  g radua l ly  decrease and  d i sappea r  in the  recep tor  ma t r ix .  

Motor Innervation 

I n  con t ras t  to  the  silver technique,  e lectron microscopy allows the  r e a d y  
ident i f ica t ion  of afferent  nerve te rminals  from efferent  nerve terminals .  Al l  t he  
efferent  te rmina ls  belong to unmye l ina t ed  axons  and  inne rva te  the  smooth  
muscle cells. The axons  running  between the  smooth  muscle cells of ten enlarge 
a t  in te rva ls  and  wi thin  these enlargements  an  abundance  of clear vesicles is 
usual ly  present .  A n  add i t iona l  i m p o r t a n t  fea ture  m a y  serve to  d i f fe ren t ia te  t he  
efferent  nerve te rminal .  A t  the  point ,  where the  efferent  f iber  has  i ts  " synapse" ,  
the  Schwann cell cy top lasm re t rac t s  and  the  basement  laminae  of the  nerve 
t e rmina l  fuses wi th  the  basement  laminae  of the  smooth  muscle cell (Fig. 3). 
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Fig. 4. Schematic representation of a segment of a rat bronchus wall with the nerve endings 
(arrows) of the pulmonary stretch receptor. The lanceolate terminals are anchored within the 
reticular connective tissue below the respiratory epithelium (e). The smooth muscle cell 
layer (sin) is interrupted in the receptor field of the pulmonary stretch receptor. Efferent 
nerve terminals (sy) derive from nonmyelinated nerve fibers. Afferent myelinated nerve fiber 

(m/) of the receptor, elastic network (el), a small nerve (n), collagen fiber (c/) 

Discussion 
The pu lmona ry  stretch receptor described in  this paper  is a free branched 

and  lanceolate receptor. Based on our comparat ive  studies concerning the fine 
s t ructure  of cutaneous mechanoreceptors,  we can classify this pu l mona r y  receptor 
as belonging to the ma in  group of stretch receptors such as the Ru~fini corpuscle 
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(Chambers et al., 1972) and  the  Golgi t endon  organ (Houk et al., 1967; S t u a r t  
etal., 1970; Schoultz  etal., 1972). Common morphologica l  cr i ter ia  of these re- 
ceptors  are  the  ve ry  close con tac t  of the  nerve t e rmina l s  to  collagen and  elast ic  
fibers and  the  or ien ta t ion  of the i r  axis  in the  d i rec t ion  of the  mos t  f requent  
s t re tches  in the  corresponding organ (Andres, v. ])firing, 1973). 

W i t h  regard  to  the  local izat ion of the  free b ranched  and  lanceola te  t e rmina l s  
and  to  the i r  in t eg ra t ion  in to  the  myoelas t ic  sys tem of the  bronchus  wall  (Fig. 4) 
one can assume t h a t  the  descr ibed receptor  represents  the  p u l m o n a r y  s t re tch  
receptor  of the  t i e r ing  Breuer  reflex. This reflex was descr ibed b y  t i e r i ng  and  
Breuer  (1868). The  s t re tch ing  of the  bronchia l  wall  dur ing  insp i ra t ion  has an  
influence on the  recep tor  endings due to  increased tension in  the  myoelas t ic  
sys tem.  The tens ion of the  bronchia l  wall  dur ing the  insp i ra t ion  is an  i m p o r t a n t  
event  for the  response p a t t e r n  of the  receptor .  

On the  o ther  hand,  the  sens i t iv i ty  of the  nerve t e rmina l s  m a y  be modif ied  
b y  a n y  change of the  smooth  muscle tonus  of the  bronchus.  

The axon  d iamete rs  of the  b ranched  and  lanceo]ate recep tor  endings are  of the  
same magn i tude  as those of the  afferent  axons  repor ted  b y  Pa in t a l  (1953b) and  
Widd icombe  (1953) dur ing physiological  inves t iga t ion  of the  p u l m o n a r y  s t re tch  
receptors  ( I ter ing Breuer  reflex). 

Based  on the  compara t ive  morpho logy  of cutaneous  meehanoreceptors ,  Andres  
(1973) suggested t h a t  s imilar  s t ruc tu ra l  nerve endings responsive to  ident ica l  
mechanica l  s t imula t ion  migh t  also be presen t  in the  viscera.  The presen t  pape r  
confirms this  po in t  of view wi th  regard  to  the  b ranched  laneeola te  te rmina l .  
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