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The Parafollicular Cells of the Thyroid Gland as a Possible  Site of Product ion of Thyrocalcitonin.  
An Electron-Microscopic  Examinat ion  of the Thyroid Gland of the Rat after St imulat ion by Calcium 
Acetate and Vitamin Ds 

NONINDEZ 1 was t h e  f i rs t  t o  d i f f e r en t i a t e  2 d i f fe ren t  cell  
t y p e s  in  t h e  t h y r o i d  g l a n d  of m a m m a l s ,  t h e  fol l icular  a n d  
t h e  pa ra fo l l i cu la r  cells. T h e  p a r e n c h y m a t o u s  ceils of 
BABER, ( the  p r o t o p l a s m a - r i c h  cells of HORTHLE, t h e  
M a c r o t h y r e o c y t e s  of ZECKEL * a n d  t he  l igh t  cells of 
LEGLOND" are  iden t i ca l  w i t h  pa ra fo l l i cu la r  cells. I t  was  
n o t  poss ible  to  e s t ab l i sh  a n  i d e n t i t y  w i t h  t h e  so-cal led 
m i t o c h o n d r i a - r i c h  cells*. T h e  ex i s tence  of t h e  pa ra fo l l i cu la r  
cells c a n  also be  d e m o n s t r a t e d  b y  e l ec t ron -mic roscopy  TM. 

I t  ha s  b e e n  poss ible  r ecen t l y  to  ver i fy  t h e  p resence  in 
t he  t h y r o i d  of e x p e r i m e n t a l  a n i m a l s  of ca lc i ton in ,  a 
h o r m o n e  wh ich  reduces  t he  p l a s m a  c a l c i u m L  E l e c t r o n -  
microscopic  e x a m i n a t i o n  shows a s t r o n g  r e l a t i onsh ip  be-  
t w e e n  t h e  C-cells of t h e  t h y r o i d  g l a n d  a n d  ca l c i t on in  ~. On  
t h e  o t h e r  h a n d ,  some  a u t h o r s  c la im t h a t  t h e  m i t o c h o n d r i a -  
r i ch  cells p r o d u c e  t h y r o c a l c i t o n i n  *. E x p e r i m e n t a l l y ,  a 
r e d u c t i o n  in t he  n u m b e r  of t he  so-called sec re to ry  g ranu les  
in  t h e  pa ra fo l l i cu la r  cells can  be  obse rved  s h o r t l y  a f t e r  
t r e a t m e n t  w i t h  CaClz s, a n  ind i r ec t  p roof  of t he  assoc ia t ion  
of t h y r o c a l c i t o n i n  p r o d u c t i o n  w i t h  t he se  cells. 

I n  o rde r  to  e luc ida te  t h e  r e l a t i o n s h i p  b e t w e e n  parafo l -  
l icu lar  cells a n d  t hy roca l c i t on in ,  we c o m p a r e d  b y  e lec t ron-  
mic roscopy  t he  t h y r o i d  g l and  of n o r m a l  r a t s  w i t h  those  of 
r a t s  t r e a t e d  w i t h  0 . 5 M  ca lc ium a c e t a t e  so lu t ion  con t a in -  
ing v i t a m i n  D,  (100 ml  of  t h e  ca lc ium a c e t a t e  so lu t ion  
c o n t a i n e d  4000 I U  v i t a m i n  Da). T h e  r a t s  were  ki l led b y  
n e m b u t a l  narcos i s  a t  d i f fe ren t  t i m e  i n t e r v a l s  a f t e r  t h e  
b e g i n n i n g  of t h e  e x p e r i m e n t  a n d  t he  t h y r o i d  g l a n d  o s m i u m  
fixed a n d  e m b e d d e d  in t he  usual  m a n n e r  in E p o n  812. 
U l t r a t h i n  secre t ions  were cu t  w i t h  t he  L K B - U l t r o t o m e ,  
a n d  e x a m i n e d  u n d e r  t h e  Zeiss EM 9 e lec t ron-microscope .  

The  morpho log ica l  resu l t s  a re  as follows (Figures  1-3) : 
T h e  fol l icular  cells are  c h a r a c t e r i z e d  b y  wide  c i s t e rnae  in 
t h e i r  e n d o p l a s m i c  r e t i cu lum.  T h e  pa ra fo l l i cu la r  cells, 
however ,  are  d i s t i n g u i s h e d  b y  t h e  pa leness  of t h e i r  cy to-  
p l a s m  a n d  t he  v a r i a t i o n  in e lec t ron  d e n s i t y  of t h e i r  
g ranu les ;  t h e y  are  also l a rger  t h a n  t h e  fol l icular  cells, are  
e longa ted ,  t h o u g h  r o u n d e d  nea r  t h e  capil lar ies ,  a n d  do 
n o t  e x t e n d  to  t h e  fol l icular  l u m e n  W i t h i n  t h e  basa l  
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Fig. 2. Part of a parafollicular cell after stimulation for 14 days by 
calcium acetate and vitamin D~ showing numerous secretory gran- 
ules, A Golgi complex, multivesieular bodies and flattened sacs of 
the rough endoplasmic reticulum, x 5500. 
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Fig. 1. Group of parafotlicular cells of the rat after stimulation by Fig. 3. Parafollicular cell containing many residual bodies. (After 
calcium acetate and vitamin D e (for 14 days), x 1800. stimulation by calcium acetate and vitamin D e for 14 days.) x 5500. 
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l a m i n a  of t he  t h y r o i d  follicles t h e y  o f t en  lie singly,  or  in  
g roups  of up  to  5 cells, b e t w e e n  w h i c h  t he re  are  m a n y  f ine 
i n t e rd ig i t a t i ons .  T h e  pa ra fo l l i cu la r  cell nuc le i  h a v e  ir-  
r egu l a r  c o n t o u r s  a n d  1 or  2 nucleoli .  I n  t h e  cy top l a sm,  
t h e  e r g a s t o p l a s m  h a s  m a n y  f l a t t e n e d  sacs a n d  t h e r e  a re  
m a n y  free r ibosomes .  T h e r e  a re  t y p i c a l l y  r e s idua l  bodies,  
dense  sec re to ry  g ranu les  a n d  occas ional  cil ia (Figure  3). 

A f u r t h e r  specific in f luence  of ca l c ium a c e t a t e  a n d  
v i t a m i n  D 3 on  t h e  pa ra fo l l i cu la r  cells was  s h o w n  b y  de te r -  
m i n i n g  w i t h  t he  e lec t ron  microscope  t h e  p e r c e n t a g e  of 
pa ra fo l l i cu l a r  cells in  e v e r y  500 cells of t h y r o i d  secre t ions  
se lected a t  r a n d o m .  T h e  re su l t s  are  p r e s e n t e d  in t he  
Table .  

The  resu l t s  show t h a t  w i t h  t he  longes t  e x p e r i m e n t a l  
pe r iod  t he  p e r c e n t a g e  of pa ra fo l l i cu la r  cells was  nea r ly  4 

t imes  t h a t  of t he  control .  T h e  app l i c a t i on  of ca lc ium 
a c e t a t e  to  t h e  solut ion,  w i t h  a s i m u l t a n e o u s l y  increased  
a b s o r p t i o n  of ca lc ium in t h e  i n t e s t i ne  due  to  t h e  v i t a m i n  
Ds, resu l t s  in  a n  a u g m e n t e d  p r o d u c t i o n  of t hy roca l c i t on in .  
The  inc reased  n u m b e r  of pa ra fo l l i cu la r  cells shows  a close 
r e l a t i onsh ip  b e t w e e n  these  cells on  t h e  one  h a n d  a n d  t h e  
increased  ca lc ium c o n c e n t r a t i o n  of t he  b lood in t h e  o ther .  
The  o b s e r v e d  v a r i a b i l i t y  of t he  e lec t ron  d e n s i t y  of t h e  
s ec r e to ry  g ranu les  of t he  parafo l l i cu la r  cells m a y  be  
i n t e r p r e t e d  as d i f f e ren t  s tages  of m a t u r a t i o n  of t he se  
granules ,  whereas  t he  p resence  of res idua l  bodies  sugges t s  
a l y soma l  p a r t i c i p a t i o n  in t h e  con t ro l  of the  syn thes i s  a n d  
sec re t ion  of t he  ho rmone .  The  resu l t s  show t h a t  t h y r o -  
ca l c i ton in  is p r o b a b l y  syn the s i zed  in the  pa ra fo l l i cu la r  
cells of t he  t h y r o i d  g land.  

No. of Duration of Total quantita of % of para- 
rats experiment calcium acetate follicular 

and vitamin D 3 cells 

2 controls - 2.1 
2 9 days 350 ml 4.1 
2 14 days 505 ml 6.5 
4 28 days 1300 ml 7.1 

Zusammenfassung. N a c h  l a n g d a u e r n d e r  V e r a b r e i c h u n g  
v o n  C a l c i u m a c e t a t  u n d  V i t a m i n  D s k a n n  eine V e r m e h r u n g  
de r  pa ra fo l l iku l / i ren  Zel len b e o b a c h t e t  werden .  Die  
m6gl iche  B e d e u t u n g  de r  pa ra fo l l iku l~ren  Zellen bei  de r  
B i l d u n g  v o n  T h y r e o c a l c i t o n i n  wird  d i sku t i e r t .  
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E i n f l u s s  v o n  A n g i o t e n s i n  auf  d a s  a r g e n t a f f i n e  S y s t e m  d e s  M e e r s c h w e i n c h e n s  

I m  R a h m e n  e iner  U n t e r s u c h u n g  f iber  das  V e r h a l t e n  
de r  a r g e n t a f f i n e n  Zellen (a.Z.) des  M e e r s c h w e i n c h e n d a r m s  
in  v i t r o  u n t e r  d e m  Ein f luss  ve r sch i edene r  S u b s t a n z e n  fiel 
auf,  dass  die Zah l  de r  a.Z. n a c h  Z u g a b e  v o n  H y p e r t e n s i n  
(CIBA) zur  Inkuba t ions f l f i s s igke i t ,  e n t g e g e n  u n s e r e n  E r -  
w a r t u n g e n ,  z u n a h m .  S y s t e m a t i s c h e  U n t e r s u c h u n g e n  a n  
e iner  gr6sseren  Re ihe  v o n  T ie ren  bes t i i t i g t en  d iesen Be-  
fund .  

Material und Methode. Die Ver suche  w u r d e n  m i t  d e m  
D u o d e n u m  des Meer schwe inchens  g e m a c h t .  Es  h a n d e l t e  
s ich u m  Tiere  be ider le i  Geschlechts ,  600-900 g schwer,  
aus  d e m  Sta l l  des K a n t o n s s p i t a l s  L a u s a n n e .  Als I n k u b a -  
t i ons l6 sung  d i e n t e  ein K r e b s - R i n g e r - B i k a r b o n a t - P u f f e r  
( pH  7,4), der  vo r  u n d  wXhrend des  V e r s u c h s  m i t  Oxy-  
c a r b o n  (95% O,  u n d  5 %  CO,) b e g a s t  wurde .  Die  I n k u b a -  
t ionsgefAsse m i t  je  10 m l  de r  L 6 s u n g  w u r d e n  wAhrend  
des  V e r s u c h s  in e i n e m  W a s s e r b a d  v o n  37 °C m e c h a n i s c h  
gesch i i t t e l t .  Die V e r s u c h s d a u e r  b e t r u g  i m m e r  10 rain.  

Die  Mee r schwe inchen  w u r d e n  m i t  Ch lo ro fo rm ge t6 te t .  
Die  E n t n a h m e  des  D u o d e n u m s  erfolgte  u n m i t t e l b a r  n a c h  
d e m  Tod.  Das  D a r m s t i i c k  w u r d e  1Xngs ge6f fne t  u n d  que r  
in  ungef / ih r  5 m m  bre i t e  S t re i fen  geschn i t t en ,  die v o n  
p r o x i m a l  n a c h  d i s t a l  n u m e r i e r t  wurden .  N a c h  Absch luss  
de r  Ve r suche  erfolgte  die F i x a t i o n  in e iner  4 % i g e n  ge- 
p u f f e r t e n  Formol l6sung .  Das  Mate r i a l  wurde  in P a r a p l a s t  
e i n g e b e t t e t  u n d  10 /z d ick  geschn i t t en .  Die a lka l i sche  
D i a z o k u p p l u n g s r e a k t i o n  m i t  E c h t r o t s a l z  B (Bayer)  u n d  
die M e t h o d e  n a c h  MASSON-HAMPERL d i e n t e n  zur  Dars te l -  
l ung  de r  a.Z. I h r e  A n z a h l  w u r d e  l i ch t m i k r os kop i s ch  a n  
100 1/ ingsgetroffenen K r y p t e n  b e s t i m m t  1. 

D a  die Zah l  de r  a.Z. a m  u n b e h a n d e l t e n ,  sofor t  n a c h  de r  
T 6 t u n g  des  Tieres  e n t n o m m e n e n  u n d  f ix ie r t en  D u o d e n u m  
y o n  p r o x i m a l  n a c h  d i s t a l  s t a r k  a b n i m m t ,  h a b e n  wir  in  

d ieser  A r b e i t  n u r  das  orale  D r i t t e l  des  D u o d e n u m s  ber i ick-  
s ich t ig t .  

Das  U n t e r s u c h u n g s g u t  u m f a s s t  i n s g e s a m t  26 Meer- 
schweinchen .  I n  e iner  e r s t e n  Serie v o n  10 T ie ren  wurde  de r  
e rs te  D a r m s t r e i f e n  sofor t  n a c h  d e m  Tode  des Tieres in 
de r  F o r m o l l 6 s u n g  f ix ier t  (Gruppe  A). Die Gewebss t i i cke  
Nr .  2 u n d  3 w u r d e n  inkub ie r t .  H y p e r t e n s i n  (CIBA) wurde  
wechselweise in  e iner  Dosis yon  2 / lg /ml  den  St re i fen  2 
oder  3 zugesetz t .  Das  a n d e r e  D a r m s t i i c k  b l ieb  w ~ h r e n d  
des Ve r suchs  in de r  r e inen  I n k u b a t i o n s l 6 s u n g  liegen. Die 
m i t  H y p e r t e n s i n  b e h a n d e l t e n  St re i fen  w u r d e n  in de r  
G r u p p e  B zusammenge fa s s t ,  d ie jenigen,  die w ~ h r e n d  de r  
g le ichen Zei t  in  de r  r e inen  I n k u b a t i o n s l 6 s u n g  lagen,  in  
de r  G r u p p e  C. 

I n  de r  zwei ten  Serie w u r d e  die H y p e r t e n s i n k o n z e n t r a -  
t i on  au f  1 n g / m l  reduzier t .  Bei  d e n  e r s t en  8 T i e r e n  w u r d e  
sons t  gleich v o r g e g a n g e n  wie be i  de r  e r s t en  Serie, be i  d e n  
2 l e t z t en  T ie ren  w u r d e n  dagegen  die S t re i f en  Nr .  3 sofor t  
f ixiert ,  die S t i i ckchen  1 u n d  2 i n k u b i e r t  u n d  d e n  S t re i f en  
2 das  H y p e r t e n s i n  zugesetz t .  W i e d e r u m  w u r d e n  die en t -  
s p r e c h e n d e n  Gewebss t i i cke  in G r u p p e n  A, B u n d  C zu- 
s ammenge fa s s t .  

D a  d e m  im H a n d e l  be f ind l i chen  H y p e r t e n s i n  n o c h  
M a n n i t  beigef t igt  wird,  u n t e r s u c h t e n  wi t  schl iessl ich das  
V e r h a l t e n  der  a.Z. des D u o d e n u m s  v o n  6 we i t e r en  Meer-  
s chwe inchen  u n t e r  d e m  Ein f luss  v o n  1 n g / m l  M a n n i t .  

Ff i r  die e inze lnen  G r u p p e n  w u r d e  das  a r i t h m e t i s c h e  
Mi t te l  (M) u n d  die S t a n d a r d a b w e i c h u n g  (a) b e r e c h n e t .  
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