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Cells of d i f ferent  types we re  found in the p a r s  in te rmedia  of the p i tu i ta ry  in r a t s  i r r ad ia ted  once, the 
cy top lasm of which contained spec ia l ized  m i c r o c i l i a r y  organoids  and also s t r u c t u r e s  cor responding  to the 
va r ious  s tages  of the i r  f o rma t ion  (centr ioles  and the i r  p r e c u r s o r s ) .  I r r ad ia t ion  s t imula tes  different ia t ion 
of ce l l s  p o s s e s s i n g  s e n s o r y  mie roc i l i a .  

N e u r o s e c r e t o r y  hypotha lamic  f ibe r s ,  de tec table  in the p a r e n c h y m a  of the p i tu i ta ry  by G o m o r i ' s  method,  
a r e  known to run f r o m  the p o s t e r i o r  lobe into the p a r s  in te rmedia .  F ibe r s  of this type a re  now genera l ly  
cal led peptiderg:~c, in con t r a s t  to chol inergic  and ad rene rg ic  f ibers ,  which a re  m o r e  numerous  in the p a r s  
in te rmedia  than the f o r m e r  [3]. Informat ion  on the composi te  innervat ion of the p i tu i ta ry  gland and data on 
synchroniza t ion  of i ts  morpholog ica l  changes with reac t ions  of the n e u r o s e c r e t o r y  cells and neurohypophysis  
in an imals  during s t r e s s  [1, 2] have s t imula ted  invest igat ion of its fine s t ruc tu re .  

In the p r e s e n t  invest igat ion the e lec t ron  m i c r o s c o p e  was used to study s enso ry  s t r u c t u r e s  in the p a r s  
in t e rmed ia  of the p i tu i t a ry  in i r r ad i a t ed  r a t s .  

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

The p a r s  i n t e rmed ia  of the p i tu i t a ry  of August r a t s  i r rad ia ted  in a single dose of 600 R f r o m  a cobalt  
sou rce  and decapi ta ted 3 h l a t e r  was studied in the e lec t ron  n ic roscope .  Fixat ion with OsO 4 and embedding 
of the f r a g m e n t s  of p i tu i t a ry  were  c a r r i e d  out by P a l a d e ' s  method,  followed by embedding in me thac r y l a t e ,  
Ul t ra thin sect ions  were  studied in the JEM-5y  e lec t ron  m i c r o s c o p e .  

During the f i r s t  few hours  a f te r  single i r radia t ion ,  different iat ion of the cel ls  of the p a r s  in te rmedia  
took p lace  much m o r e  intensively,  some  of them fo rming  a s t ruc tu re  sui gener i s .  These were  in te rmedia te  
cel ls  containing spec ia l  organoids  o r  m ic roc i l i a  (Fig. l a b  As well  as these  cel ls  with cha r ac t e r i s t i c  f e a -  
tu res  of s e n s o r y  function there  were  less  highly di f ferent ia ted cel ls ,  the cy toplasm of which exhibited i n t e r -  
med ia te  s tages  of fo rma t ion  of the spec ia l  m ic roc i l i a .  Microci l ia  in the cel ls  of the p a r s  in te rmedia  as in 
many  other  typical  s e n s o r y  cel ls ,  p o s s e s s  the c h a r a c t e r i s t i c  f o rmu la  9 x 2 + 2, i .e. ,  they consis ted  of 9 p a i r s  
of p e r i p h e r a l  and 2 unpai red  cen t ra l  f i b r i l s .  

Organoids of this type were  local ized in the cy top lasm of light and dark  in te rmedia te  cel ls .  The cy to-  
p l a s m  of the l a t t e r  was fi l led with e l ec t ron -dense  dus t - l ike  granules ,  an a r ea  of which is i l lus t ra ted  in Fig. 
l a .  The s o - c a l l e d  dark  cel ls  were  subdivided into two ca tegor ie s .  The f i r s t  included cells  with a tong, 
dense nucleus,  an e x t r e m e l y  drawn out cytoplasm,  and polymorphic  p r o c e s s e s ,  in contact  with s i m i l a r  s t r u c -  
t u r e s .  The second ca tegory  included dark  cells  of i r r egu la r ,  polygonal  shape,  with a well developed cy to-  
p l a s m .  Thei r  ma t r i x  was fil led with numerous  f r e e - l y i n g  mic rog ranu l e s ,  a pa r t i a l ly  reduced Golgi complex,  
endoplasmic  m e m b r a n e s ,  and fully f o rm ed  ci l ia .  Cells of this type lay next to the res idua l  cavi ty  of the 
p i tu i t a ry  and were  the p r inc ipa l  components  of its lining. The mic roc i l i a  faced the p i tu i ta ry  cavity,  into 
which solid p r o c e s s e s  of cy top lasm frequent ly  p ro jec ted  deeply along with them.  These  mic roc i l i a  had a -  
typica l  definit ive a rch i tec ton ics ,  and no s t r u c t u r e s  cha r ac t e r i s t i c  of the in te rmedia te  s tages  of the i r  f o r m a -  
tion were  obse rved  in the cy top lasm.  However ,  in te rmedia te  s t r uc tu r e s  could be obse rved  in the cy toplasm 
of e x t r e m e l y  hyper t rophied ,  pale  ce l l s .  These  consis ted of ves i c l e s  and of s epa ra t e  f r agmen t  s of g ranular  

* Corresponding Mem ber ,  Academy of Medical Sciences of the USSR. 

L a b o r a t o r y  of Neuroendocr inology,  Inst i tute  of Medical Radiology, Obninsk. Trans la ted  f r o m  Byulleten '  
]~ksper imenta l 'noi  Biologii  i Meditsiny, Vol. 67, No. 5, pp. 94-98, May, 1969. Original  a r t c l e  submit ted  
Apri l  24, 1968. 

550 



Fig.  1. P a r s  intermedia of the pi tui tary of an i r -  
radiated ra t .  a) Microcil ia  (mc) of intermediate  
cells with mic rog ranu la r  cytoplasm,  bounding r e -  
sidual cavity of pi tui tary (18,000 • b) centr ioles 
(c) and mic roe i l i a  (mc) at different s tages of f o r -  
mation; mem) membrane  of microc i l i a  (18,000 • 
c) numerous  long and round mitochondria  in an 
intermediate  cell (18,000 • d) t r ansve r se  s e c -  
tion through developing microc i l ium (mc) with 
well marked  f ibr i l la ry  s t ruc ture  and e lec t ron-  
t ransparen t  center  (65,000 • 

and agranular endoplasmic reticulura, lying in different 
directions and forming a few tubules and cysterns. 
The cytoplasm of some of these cells contained nume- 

rous mitrochondria and also structures which were 
precursors of the developing cilia (Fig. 2). 

Not all cells of the pars intermedia reacted to 
irradiation by characteristic swelling of the mitochon- 
dria and partial reduction of their cristae. The mito- 
chondria illustrated in Fig. ic show signs of defrag- 
mentation of cristae with transformation into long 
vesicles. The extremely great increase in number of 
mitochondria in some epithelial cells of the pars inter- 
media may perhaps be the result of division of these 
structures. The mitochondria increased considerably 
in length and gave off smaller, round structures by a 
process of budding (Fig. le)o Besides mitochondria, 
the pale hypertrophied cells frequently contained round 
structures possessing a microgranu!ar matrix, the tiny 
granules being located more frequently around the 
periphery of the circular structure in one or several 
rows. The central part could be denser, but not granu- 
lar or electron-transparent (Fig. ld; Fig. 2). Finally, 
pale cells with cytoplasm filled with typical centrioles 
and cilia of different shapes as well as the structures 
described previously, were found in the parenchyma of 
the gland. The centrioles on longitudinal section con- 
sisted of a system of densely arranged fibrils. In 
transverse section the centriole or centrosome was 
formed of 9 groups of tubules, each ]50-200 A in dia- 
meter, arranged around the circumference, ciliary 
vesicles were also present, and as the cilium grew 
they surrounded it with a charac te r i s t i c  membrane  
(Fig. lb),  

Serial  comparisons  of the s t ruc tures  observed 
revealed a definite rule in the sequence of stages of 
formation of microci l ia  in the epithelial cells of the 
pa r s  intermedia of the ra t  pi tui tary.  Closely connected 
with the centr ic les  were  round s tructure~,  whose matr ix  
was filled with e lec t ron-dense  mic rog ranu la r  substance.  
In some cases ,  these s t ruc tures  contained on e lec t ron-  
t ransparent  center,  while the dense granules or  f ibri ls  
were displaced toward the per iphery ,  thus giving this 
s t ruc ture  some resemblance  to the centr icle .  Such 
s t ruc tures  were regarded  as p r e c u r s o r s  of cilia, i.e., 
as a definite stage in their formation,  when the m i c r o -  

granular  substance on t r ansve r se  section or  the sys tem of f ibri ls  on longitudinal section had not yet the 
charac te r i s t i c  tubules of the cent r ic les .  The basal pa r t  of the cilium, and hence the cilium as a whole, grew 
from the la t ter ,  A row of ves ic les ,  known as c i l iary  vesic les ,  lie above the growing cilium, creat ing a d i s -  
tinctive channel along which the cilium can grow f rom the region of the per ikaryon toward the cell surface.  
These confluent ves ic les  lined the path of the growing microc i l ium and were gradually converted into its 
membrane .  The data showing the format ion of cilia in cells of the pars  in termedia  a re  in agreement  with 
corresponding observat ions of the format ion of microc i l i a  in f ibroblasts  in vitro [4]. The gradual conver -  
sion of the centriole into a cilium with its charac te r i s t i c  s t ruc ture  was observed under these conditions. In 
the cells of the pars  intermedia,  on the other  hand, a ve ry  intensive formation of cilia were observed  in the 
p resence  of large  collections of centr ioles  and their p r e c u r s o r s  and derivat ives in the cytoplasm. Whether 
these were fo rmed in the cells de hove or  whether they were the resul t  of autoreproduction is not known. 
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Fig.  2. D iagram showing a mic roc i l i um 
and its t r a n s v e r s e  sec t ions  at d i f ferent  
s tages  of fo rmat ion ,  a) Init ial  s tage of 
ci l ium format ion;  b} fully f o r m e d  ci l ium.  

When compar ing  s e r i a l  sect ions through the in te rmeida te  cells 
and picking out those in which p r e c u r s o r s  of ci l ia  were  m o r e  
numerous ,  the poss ib i l i ty  of the i r  divis ion was accepted.  Ev i -  
dence of this is given by the close contact of these s t ruc tu r e s  
with each other,  signs of development  of a cent ra l  constr ic t ion,  
and the appearance  of pinhead f o r m s .  Another d i rec t ly  con-  
nected fac tor  could be the sharp  i nc rea se  in the number  of 
mi tochondr ia  in the cel ls ,  and f ragmenta t ion  of the mi tochondr ia ,  
p receded  by a cons iderable  i nc rea se  in thei r  length. These 
phenomena in other  cel ls  were  synchronized  with an inc rease  
in the number  of p r e c u r s o r s  of cil ia and an accompanying de-  
c r e a s e  in the number  of mi tochondr ia .  Poss ib ly  in the course  
of division the mi tochondr ia  gave off round bud-l ike  s t ruc tu r e s  
which, in turn,  divided, p a s s e d  through the centr io le  s tage,  and 
were  t r a n s f o r m e d  into a mic roc i l i um.  However ,  we have no 
solid evidence to compel  acceptance  of this explanation of the 
sha rp  i nc rea se  in number  of cent r io les  and of thei r  p r e c u r s o r s  
in the cel ls .  The abundance of mi tochondr ia  m a y  perhaps  ensure  
a definite level  of energy  supplied to the cell  when fo rming  this 
l a rge  number  of: additional spec ia l ized  organoids  in its cyto-  

p l a s m .  However ,  cen t r io les  and the i r  p r e c u r s o r s  a r e  unquestionably an or iginal  s t ruc tu re  in the p r o c e s s  of 
fo rmat ion  of m i c r o c i l i a  in cel ls  of the p a r s  in te rmedia .  

We cons ider  that i r r ad ia t ion  s t imula tes  the fo rmat ion  of spec ia l ized  organoids  or  m e t a p l a s m a t i c  s t r u c -  
tu res ,  taking the f o r m  of m i c r o c i l i a  in the cel ls  of the p a r s  in t e rmed ia .  This does not m e a n  that  such s t r u c -  
tu res  a r e  absent  in the p i tu i t a ry  of in tact  an imals .  We have obse rved  cilia in the in te rce l lu la r  spaces  of the 
p a r e n c h y m a  of the p i tu i ta ry  in intact  an imals .  The p r e s e n c e  of cilia with the fo rmula  9 • 2 + 2 among cells  
of the p a r s  in te rmedia  has  been  obse rved  in the r a t  and cat by Bargmann  [3] and Ziegler  [6]. Wheatley [5] 
desc r ibed  two cilia,  but with the fo rmula  9 + 0, in cel ls  of the r a t  adenohypophysis .  Stimulation of m o r p h o l o -  
gical and functional ac t iv i ty  of the gland, in the di rect ion of the fo rmat ion  of s e n s o r y  e lements  and their  d i s - ,  
charge  into the res idua l  cavi ty  of the p i tu i tary ,  has  not yet  been desc r ibed .  

Special ized organs  such as m i c r o c i l i a  a r e  a lso  cha r ac t e r i s t i c  of typical  r e c e p t o r  cel ls .  The fact  that 
l a rge  numbers  of m i c r o c i l i a  a r e  p r e s e n t  in cel ls  of the p a r s  in te rmedia  of the p i tu i ta ry  enables  the i r  phy-  
s iological  ro le  to be r e a s s e s s e d .  Microci l ia  local ized between the cel ls  of the p a r s  in te rmedia ,  and e s p e -  
c ial ly  those facing the r e s idua l  cavi ty  of the p i tu i ta ry ,  m a y  be c h e m o r e c e p t o r s ,  r ece iv ing  informat ion  f r o m  
the r e s e r v o i r  of hormone  products  of the adenohypophysis .  The p r e s e n c e  of t e rmina l s  of var ious  ne rve  
f ibe r s  in the p a r e n c h y m a  of the p a r s  in te rmedia  [3] does not ru le  out the poss ib i l i ty  of t r a n s m i s s i o n  of 
nervous  impulses  in a cent r ipe ta l  d i rec t ion.  
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