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POLYFUNCTIONAL ROLE 

CELLS IN THE RAT LUNG 

L. K.  Romanova 

O F T H E  A L V E O L A R  B R U S H  

UDC 612.215.3.014.2 

An invest igat ion by scanning and t r a n s m i s s i o n  e lec t ron  m i c r o s c o p y  r evea l ed  an i nc r ea se  in 
the number  of vacuoles  in the apica l  pa r t  of the cy top lasm in the a lveolar  brush ce i l s  of the r e -  
genera t ing r a t  lung, hype rp la s i a  of the l amel la r  complex,  and act ivat ion of the p ro t e in - syn the -  
s iz ing appara tus .  I m m a t u r e  sur fac tan t  m a t e r i a l  and s e c r e t o r y  granules  with an osmiophi l ic  
center  we re  found in the cy top lasm of the brush  ce i l s .  Colchicine, injected i n t r amuscu l a r l y  
into r a t s  s ix t imes  in the course  of the 24 h before  sac r i f i ce  in a dose of 0.1 mg/100 g body 
weight, affected nei ther  the number ,  topography,  nor  the s t r u c t u r e  of the bundles of m i c r o -  
f ib r i l s  p r e s e n t  in la rge  number s  in the brush cel ls .  Meanwhile, under the influence of coichi -  
cine, some  of the mic rov i l l i  of the a lveolar  brush  cel ls  undergo des t ruc t ion  and reso rp t ion .  
These  data on the u l t r a s t r uc t u r a I  organizat ion of these  cel ls  indicate that  they can p e r f o r m  
s e v e r a l  functions: absorp t ive ,  contract i le ,  and sec re to ry .  

KEY WORDS: regenera t ion ;  surfactant ;  lung chemorecep to r s .  

I n t e r e s t  in the study of c h e m o r e c e p t o r s  of the lung has  inc reased  cons iderably  in r e cen t  y e a r s .  Accord -  
ing to some observa t ions  [7], single Kulchitsky cel ls  or  concentra t ions  of them (neuroepithet ial  bodies), capable  
of r eac t i ng  to a change in the gaseous med ium through inc rea sed  sec re t ion  of granules  containing biogenie 
amines ,  a r e  p r e se n t  in the epithel ial  layer  of the bronchi of the m a m m a l i a n  and human lung. No Kulchitsky 
cel ls  a r e  found in the r e s p i r a t o r y  bronchioles ,  a lveo l a r  p a s s a g e s  or  alveoli .  Meanwhile, ce l l s  desc r ibed  by 
Meyr ick  and Reid as "brush  cel ls"  [8] a r e  found in the epi thel ial  lining of the a i r  pa s sages  and also of the 
alveoli.  The pa r t i cu la r  f ea tu res  of the u l t r a s t r u c t u r a l  organizat ion of these  cel ls ,  located in the alveoli ,  or  
a lveola r  brush  cel ls  (for instance,  the p r e s ence  of numerous  vacuoles  in the apica l  cytoplasm,  and of m i c r o -  
villi  on the cel l  su r face  facing the lumen of the alveolus) suggest  that  these  cel ls ,  which p e r f o r m  an absorp t ive  
function, a r e  a lveolar  c h e m o r e c e p t o r s  [3, 6, 8]. 

The wr i t e r  has  prev ious ly  postulated pr inc ip les  of autonomous regula t ion of su r f ace  tension within the 
"sur fac ton  *,  the functional analog of the acinus of the lungs, in which the a lveo la r  b rush  ce l l s  play a leading 
ro le .  This hypothes is  is  based  on the assumpt ion  that al l  ce l ls  of the surfacton,  including a lveolar  brush cel ls ,  
~surfacton,"* the functional with a r i ch  network of feedback [3]. The a lveolar  brush  cel ls  analyze the compos i -  
tion of the hypophase and sur fac tan t  and respond  p r i m a r i l y  to a change in su r face  tension of the alveoli .  The 
u l t r a s t ruc t~ve  of the a lveo la r  brush  ce l l s  of the lungs of in tact  an ima l s  has  been desc r ibed  s e v e r a l  t imes  [3, 6, 
8]. However,  none of the authors  cited s t a t e s  that  these  cel ls  abso rb  sur fac tan t  ma te r i a l .  Yet this phenomenon 
is  evidently the f i r s t  s tage that  is e s sen t i a l  for  the ro le  of a lveo la r  brush ce l l s  in the regula t ion  of the intensi ty  
of su r fac tan t  secre t ion .  

The objects  of the p re sen t  invest igat ion were  accordingly:  1) to d i scover  whether  a lveola r  brush Cells 
can abso rb  su r fac tan t  and, in pa r t i cu la r ,  a t  the t ime  of i ts  act ive  secre t ion;  2) to study the nature  of t h e m i c r o -  
f ib r i l l a ry  appara tus  of these  cel ls .  

* T h e t e r m  ~surfacton" was suggested or iginal ly  in the Russ ian  h t e r a t u r e  [3]. 
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Fig. 1. Alveolar  b rush  cel ls  of r egene ra t i ng  r a t  lung: a) ex te rna l  appea rance  of cell.  Surfactant  can 
be seen  on su r f ace  of microvi l l i .  Scanning e lec t ron  mic roscopy ,  24,000x; b) contact  of b rush  cel l  with 
type II a lveolocyte  sec re t ing  surfactant .  OsmiophiI ic  granules  of i m m a t u r e  sur fac tan t  d is t r ibuted on 
sur face  and between microv iUi  of brush  cell ,  8000x; c) s ec t i on th roughbasa l  par t  of b rush  cel l  of r e -  
genera t ing lung of r a t  r ece iv ing  colchicine.  I m m a t u r e  su r fac tan t  v is ib le  in cytoplasm,  10,000x. Here  
and in Figs.  2 and 3: AL) a lveo la r  lumen; ACII)~type II a iveolocyte;  IS) i m m a t u r e  surfactant ;  N) nucleus; 
MV) microvi l l i ;  MF) m i c r o f i b r i l s ;  LC) l ame l l a r  complex;  V) vacuoles;  BM) basemen t  m e m b r a n e  of 
alveolus;  CACI) cy top l a sm of type I alveolocyte;  SG) s e c r e t o r y  granule.  

E X P E R I M E N T A L  M E T H O D  

To study the pa r t i cu la r  f ea tu res  of the u l t r a s t r u c t u r a l  organizat ion of the a lveo la r  brush  cei ls  at  a t ime  
of m a r k e d  hyper t rophy  of the alveoli  and act ive  sec re t ion  of surfactant ,  expe r imen t s  we re  c a r r i e d  out on non- 
inbred albino r a t s  weighing 200-25'0 g, in which 37-63% of the total  lung t i s sue  had been r emoved .  The an imals  
we re  ki l led on the 4th-6th day af ter  the operat ion [2, 4]. 

In another  group of exper iments ,  i n t r amuscu la r  inject ions of colchicine in a dose of 0.1 mg/100 g body 
weight began to be given to r a t s  4-5 days af ter  r e m o v a l  of 63% of thei r  lung t i s sue  and a lso  to control  r a t s .  
During the 24-h per iod  before  sac r i f i ce  the an imals  r ece ived  colchicine six t imes  at  in t e rva l s  of 4 h. Colchi-  
cine causes  depolymer iza t ion  of the tubulins of the micro tubu les  but without affect ing cont rac t i l e  pro te ins  (G 
actin, actomyosin)  [1]. I t  was  accordingly decided to study the effect  of colchicine on bundles of mic ro f ib r i l s ,  
which a r e  p r e sen t  in la rge  number s  in the cy top lasm of the brush  cel ls .  

The lungs for  t r a n s m i s s i o n  e lec t ron  m i c r o s c o p y  were  fixed by perfus ton with 2.5% glutaraldehyde (pH 
7.4) in 0.1M cadocyla te  buffer through the pulmonary  a r t e ry ,  followed by postf ixat ion of p ieces  of t i s sue  with 
1% OsO 4. The m a t e r i a l  was  dehydrated in ace tones  of inc reas ing  concentra t ion and propylene  oxide; the t i s sue  
was  embedded in Epon and Araldi te .  Sections 40-60 nm thick w e r e  s ta ined with lead c i t r a t e  and examined in 
the IEM-100B e lec t ron  mic roscope .  
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Fig. 2. External appearance of two alveolar brush ceils of regenerating r a t  lung. Scanning electron 
microscopy: a) "cra ter"  visible on the surface of one ceil, 25,000• b) fragment of Fig. 2a, 50,000• c) 
zone of lamellar complex. Secretory granule visible. Fragment of Fig. 3a. Here and in Fig. 3: C) 
capillaries; SS) site of secretion; G) glycogen. 

For scanning electron microscopy the lungs were fixed by intratracheal injection of 2.5% glutaratdehyde 
solution in 0.1M cacody[ate buffer (pH 7.4). The tissue was dehydrated in mixtures of alcohols and acetones 
of increasing concentration. The cri t ical  drying point of the sample was obtained with CO 2 [5]. The specimens 
were sprayed with gold and examined in the Hitachi S-500 microscope. 

EXPERIMENTAL RESULTS 

A study of alveolar brush cells by scanning microscopy during active secretion of surfaetant by the type 
II alveolocytes, showed that the external appearance of these cells in the lungs of the experimental animals was 
almost indistinguishable from that in the controls. They were oval or circular in shape (Figs. 1 and 2). The 
length of the microvilli was 0.6- i. 1 #m, ~d most of them were 0.2-0.3 #m wide. The surface area of the cell 
body, excluding the apical part, containing the crown of microvilli, was covered by cytoplasmic veils of several 
type I alveolocytes. The borders of the veils were closely applied to the base of the microvi[li, forming a 
ridge around them. Where two or three microvi[li were covered by the cytoplasmic processes of type I alveo- 
locytes they appeared duplicated in structure (Figs. 1 and 2). Microvesicular bodies, the functional role of 
which is not yet known, were seen in the cytoplasm of the type I alveolocytes in the zone of the ridge (Fig. 3b). 

The surface of the type I alveolocytes, covering the brush cells and facing the lumen of the alveolus, was 
nodular, and covered with mounds, hollows, and craters. The irregularities of the ceil surface that could be 
observed were evidently due to a change in the configuration of the body of the alveolar brush cells as a resuR 
of uneven contraction of its microfibrillary apparatus in different parts of the cell. The appearance of dome- 
shaped evaginations, of "crater, n and holes indicates probably a process of secretion of mater~al, the nature of 
which is unknown (Fig. 2a, b). Considering the particular features of the shape and topography of the alveolar 
brush cells, they were described as Actinia-like cells (because of their external similarity to sea anemones). 
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Fig. 3. Alvoolar  brush  cel l  of r egene ra t ing  lung of r a t  r ece iv ing  colchicine:  a) reduct ion of m i c r o -  
villi;  apical  pa r t  of cel l  r i ch  in vacuoles;  l amel Ia r  complex  shows hype rp Ias i a  and s e c r e t o r y  granules  
can be seen  in i ts  zone. Numerous  bundles of mie ro f ib r i l s .  C i s t e rns  of cy top lasmic  r e t i c u l u m d i -  
lated,  7000x; b ) m i c r o v e s i c u l a r b o d y i n  cy top lasmic  p r o c e s s  of type I a lveolocyte.  F ragmen t  of Fig. 
3a, 50,000x. 

Different  s tages  of contact  of i m m a t u r e  surfactant ,  p r e sen t  as shape less  granules  of osmiophi l ic  m a t e -  
r ia l ,  with the su r face  of the mic rov i l l i  could be obse rved  in the r egene ra t ing  lungs (Fig. lb). Pa r t  of the s u r -  
factant  was s i tua ted  deeply between the villi and near  thei r  base.  The sur fac tan t  pene t ra ted  into the cy top lasm 
of the brush cel ls  (Fig. lc) and could r e m a i n  there  unchanged in appearance .  These  obse rva t ions  sugges t  that  
the brush cei ls  can abso rb  surfactant .  Examinat ion of a lveola r  brush cel ls  in the lungs of an imals  r ece iv ing  
colchicine r e v e a l e d  that  it a f fec ts  the s t r u c t u r e  of the m i c r o f i b r i l l a r y  s y s t e m  of the cel ls  (Figs. 2c and 3a), 
i .e . ,  the m i c r o f i b r i l s  do not cons i s t  of tubulins, but they evidently contain cont rac t i le  p ro te ins  of a di f ferent  
nature .  The number  of bundles of m i c r o f i b r i i s  and their  d imensions  and location in the cy top lasm of the a l -  
veolar  brush  cel ls  w e r e  the s a m e  in the expe r imen ta l  s e r i e s  as  in the control .  Meanwhile, some microv i l l i  
of the a lveolar  brush ce i l s  underwent  des t ruc t ion  and r e s o r p t i o n  as a r e s u l t  of des t ruc t ion  of the micro tubu les  
contained in them (Fig. 3a). The s a m e  round s t r u c t u r e s  ( remnants  of des t royed  villi) could be seen  in the 
vacuoles  of the a p i c a l  pa r t  of the cel l  and on the su r face  of the cell  actual ly  at  the s i te  of r e so rp t i on  of the 
mic rov i l l i .  Des t ruc t ion  of the micro tubu les  in the cy top lasm was r e f l ec t ed  in the s t a te  of the cy top lasmic  
r e t i cu lum of the a lveo la r  b rush  cei ls :  i ts  c i s t e rn s  we re  dilated and amorphous  contents of a v e r a g e  e lec t ron  
density appea red  in them. 

Single s e c r e t o r y  granules  sur rounded  by a m e m b r a n e  and containing an e l ec t ron -dense  center  could be 
seen in the brush  cel ls  in the lungs of the exper imen ta l  an imals  (Figs. 2c and 3a). These  granules  we re  located 
in the zone of the l ame l l a r  complex  and w e r e  s im i l a r  in thei r  u l t r a s t r u c t u r a l  o rgan iza t ion  to granules  of Kul-  
chitsky cei ls  containing and sec re t ing  sero tonin  [7]. Ind i rec t  evidence that  the a lveolar  brush  cel ls  can s e c r e t e  
was given by the w e l l - m a r k e d  hype rp l a s i a  of the l amel la r  complex and act ivat ion of the p ro te in -syn thes iz ing  
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apparatus in the cells  of the regenera t ing  lung (Figs. lc and 3a). Scanning e lec t ron  microscopy  showed that the 
brush cel ls  a re  in fact  capable of secre t ion  (Fig. 2a, b). 

The e l ec t ron-mic roscop ic  data thus show that a lveolar  brush cei ls  can p e r fo rm  severa l  functions: absorp-  
tive, contract i le ,and sec re to ry .  The mic ro f ib r i l l a ry  apparatus of the alveolar  brush ceils  contains prote ins  
that differ f rom the tubulins of microtubules .  
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E LE  C T R O N - M I  C R O S C O  P I C  

A N D E L E C T R O N - A U T O R A D I O G R A P H I C  C H A R A C T E R I S T I C S  

O F  E M B R Y O N I C  L U N G  C E L L S  IN O R G A N  C U L T U R E S  

N. A.  F i l i p p o v a  a n d  T .  S. K o l e s n i c h e n k o  UDC 616-24-013-086.3 

E lec t ron -mic roscop ic  and e lec t ron-autorad iographic  investigations of embryonic  mouse lung 
cel ls  were  undertaken during the ear ly  stages of organotypical  culture.  The fate of undif- 
fe ren t ia ted  cells  could be t raced  by e lec t ron  autoradiography. 

KEY WORDS: E lec t ron -mic roscop ic  autoradiography; histological  differentiation; u l t r a -  
s t ruc tu ra l  differentiation. 

The re la t ionship  between differentiat ion at the histological  (tissue, organ) and subcel lular  levels,  and in 
which they occur  have not ye t  been adequately studied [1, 6, 8, 9, 11], and this is an obstacle to our understand-  
ing of the mechanisms  of morphogenesis  taking place under  physiological  ( regenerat ion etc.) and pathological 
(tumor growth etc.) conditions. Organ cul tures  of embryonic  t issues ,  in which morphogenet ic  p roces se s  
s imi lar  to those in vivo a re  p rese rved ,  consti tute a convenient model  with which to study this problem [3, 5, 7]. 
The object  of the presen t  investigation was to study the degree  of differentiat ion of cei ls  in the developing 
embryonic  lung under conditions when his tological  differentiat ion of the t i ssue  had not ye t  r eached  the postnatal  
level. 

E X P E R I M E N T A L  M E T H O D  

The lungs of 18-19-day line A mouse embryos  were  used for organ culture.  The technique of organotypi-  
eel  cul ture was descr ibed  previously  in detail  [31. Organ cul tures  were  invest igated 24, 48 and 72 h af ter  the 
beginning of cul ture.  Thymidine-3I-I (specific activity 24 mCi /mmole)  was added to the organ cul ture  in a dose 
of 5 m C i / m l  medium 24 h af ter  the beginning of culture.  The thymidine-aH was washed out of par t  of the mate -  
r i a l  af ter  1 h and of the r e s t  af ter  24 h. P ieces  of lung t i ssue  were  fixed in 2.5% glutaraldehyde solution in 
cacodylate buffer, pH 7.4, postfixed in 1% OsO 4 solution, dehydrated, and embedded in Epon 812. Sections 10 ]~m 
thick were  p repa red  by the method of Rengol 'd  et al [4], coated with I l ford L-4 emulsion, and exposed for 14 
days at 4~ After development of the autoradiographs ,  pieces  of t i ssue containing the label were  select ively  
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