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Summary. Using the potassium pyroantimonate technique for ultrastructural localization 
of cations and X-ray elemental analysis with both energy dispersive and wave-length dis- 
persive systems, calcium-containing precipitates were found in normal, hyperplastic and 
adenomatous human parathyroid glands. Differences were observed between oxyphil cells, and 
suppressed, stimulated and active chief cells in the content and localization of intracellular 
precipitation. The oxyphil cells and suppressed chief ceils possessed precipitates mainly in 
nuclei and medium-sized and large mitoehondria, whereas the stimulated chief cells possessed 
precipitates in normal-appearing and morphologically altered mitochondria, and in smooth- 
surfaced vacuoles and cytosol. The active chief cells usually showed a rather sparse precip- 
itation. 
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Introduction 

There is still a l imited knowledge, both as to man  and other species, about  the  
interrelationship between the  different para thyro id  parenchymal  cell types  and 
about  the correlation between structure and funct ion in these cell types.  I t  is usu- 
ally believed tha t  the various para thyro id  cell types  are interchangeable and 
possess different functional act ivi ty  (Alten/ihr, 1972; Black et al., 1973; Boquist  
and F~hraeus, 1975; Capen, 1971; Roth,  1971). However,  opinions differ as to 
what  really characterizes para thyro id  cells with low or high endocrinological 
activity.  Because of this, a t tempts  were made in preceding experimental  studies on 
Mongolian gerbils to differentiate s t ructural ly between para thyro id  cells with a 
high and low functional  act ivi ty;  dist inction was made between atrophic, sup- 
pressed, s t imulated and active chief cells, differing from each other mainly  in 
cytoplasmic densi ty  and content  of organelles; a difference, believed to  be of 
functional  significance, was also found between these chief cell variants  in the con- 
ten t  and distr ibution of calcium-containing precipitates (Boquist and Fs 
1975; Boquist  and Lundgren,  1975). The present s tudy,  using the  potassium 
pyroan t imona te  technique and X- ray  elemental analysis for ul t rastructural  
localization and identification of cation precipitation, was under taken with the  
aim to see whether  calcium-containing precipitat ion is a feature also of human  
para thyro id  cells and, if so, whether  differences exist also between human  para- 
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t h y r o i d  p a r e n c h y m a l  cell t y p e s  as to  t he  conten t  and  d i s t r ibu t ion  of t he  precipi-  
t a t ion .  A s imi lar  s t u d y  of h u m a n  p a r a t h y r o i d  glands  has  no t  p rev ious ly  been 
r epo r t ed .  

Mater ia l  and Methods 

Parathyroid glands were obtained for examination from 3 female and 5 male patients, 
aged 18 to 67 years, operated upon because of hyperparathyroidism; two glands were obtained 
from 4 patients, three glands were obtained from 2 patients, and three and a half glands were 
obtained from 2 patients. Immediately after removal, the parathyroid glands were fixed by 
immersion for 2 hours in 3 per cent glutaraldehyde and 2 per cent potassium pyroantimonate 
adjusted to pH 7.4 with 0.01 N acetic acid with postfixation for I hour in 1 per cent osmium 
tetroxide and 2 per cent potassium pyroantimonate (Gomba eta/., 1972; Schiifer, 1973; Seh~fer 
and K15ppel, 1974). Embedding was carried out in Epon 812 and toluidine blue-stained thick 
sections were used for light microscopic diagnosis and identification of suitable areas for the 
thin sections. After staining with uranyl acetate and lead citrate the sections were viewed in a 
Siemens Elmiscope 101 electron microscope. 

The specificity of the precipitation was investigated by X-ray analysis performed at the 
Technical High School, Lules Sweden, using unstained 2500A pyroantimonate-treated 
sections analyzed with two different methods: a) an energy-dispersive system (Kevex X-ray 
Energy Spectrometer Subsystem 5000 A) combined with a JEOL JSEM 200 Scalming- 
Transmission Electron Microscope, operated in the transmission microscope mode at 80 kV 
accelerating voltage with a counting time of 180 seconds at each point of analysis; an X-Y re- 
corder (Hewlett-Packard) was used for plotting of the spectra; and b) a wave-length dispersive 
system (JEOL JXA-50 A) combined with a JEOL JSM 50 A Scanning Microscope, used at 
10 to 35 kV accelerating voltage with a counting time of 180 seconds at each point of analysis. 

Results 

Light microscopic examination of t he  t h i ck  sect ions disclosed four  pa t i en t s  
wi th  one a d e n o m a ;  t h e  o ther  g lands  examined  f rom everyone  of these  pa t i en t s  
were normal .  Diffuse hype rp l a s i a  was found  in t h e  r ema in ing  four pa t ien ts .  The 
l ight  microscopic  examina t ions  also showed the  presence bo th  in t he  normal ,  
hype rp l a s t i c  and  adenomatous  glands  of l ight  and  d a r k  chief cells, and  oxyph i l  
cells in v a r y i n g  propor t ions .  I~o obvious  water -c lear  cells were encountered .  

The  ultrastructural examinations were m a i n l y  d i rec ted  to  t he  occurrence of 
e lec t ron dense  p rec ip i t a t ion  in t he  di f ferent  p a r a t h y r o i d  p a r e n c h y m a l  cell types ,  
among which  t h e  chief cells u l t r a s t ruc tu ra l Iy  were d i f fe ren t ia ted  in to  suppressed,  
s t imu la t ed  a n d  ac t ive  var ian t s ,  ba sed  u p o n  the  d e n s i t y  of t he  cy top la sm and  the  
con ten t  and  appea rance  of organel les  (Boquist  and  Fs  1975; Boquis t  and  

Lundgren ,  1975). 
I n  all  g lands,  e lec t ron dense  p rec ip i t a t es  were found a t  a f requency  which 

va r ied  in di f ferent  pa t i en t s  and  dif ferent  glands.  Some va r i a t ions  were also recor- 
ded  in  t h e  conten t  of e lec t ron dense  p rec ip i t a t es  be tween  dif ferent  cells of the  
same va r i an t ,  local ized to  one and  the  same gland.  Despi te  of these  va r ia t ions  
the re  were clear differences be tween  the  p a r e n c h y m a l  cell t y p e s  in the  conten t  and  
d i s t r i bu t i on  of in t race l lu la r  p rec ip i t a t ion .  

The  oxyphf l  cells showed a r a the r  r ich p rec ip i t a t i on  in many ,  bu t  no t  all, mito-  
chondr ia  and  somet imes  also in  t h e  nuclei .  The  mi tochondr ia l  deposi ts  were 
s i t u a t e d  in  t h e  inner  c o m p a r t m e n t ,  occas iona l ly  in  e lec t ron lucent  areas,  w i thou t  
a n y  clear associa t ion  to  cr is tae  or m e m b r a n e s  (Fig. 1). These  mi tochondr ia  were 
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Fig. 1. Port ion of oxyphit cell in human  parathyroid  adenoma showing numerous ra ther  l~rge 
mitochondria with electron dense precipitation in the  inner compartment .  Glycogen particles 

are seen outside the mitoehondria.  • 20000 



Fig. 2. Portion of suppressed chief cell in hyperplastie parathyroid gland showing electron 
dense precipitation in the inner compartment of two mitoehondria with vastly augmented 
matrix, and in other mitochonch.ia with a normal appearance. A few precipitates are seen at  the 

periphery of the mitochondria. • 16000 
Fig. 3. Cytoplasm of stimulated chief cell in parathyroid adenoma showing electron dense 
precipitation in electron lucent smooth-surfaced vacuoles with a more or less evident associ- 

ation to mitochondria. • 18000 
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Fig. 4. Area of normal parathyroid gland showing portion of two active chief cells with a 
moderate cytoplasmic density and two stimulated chief cells with a low cytoplasmic density 
and few organelles. The latter cells possess electron dense precipitates, often in small groups, 

diffusely in the cytosol. Interdigitating membranes are also seen. • 

either medium-sized or enlarged. The nuclear precipitates were si tuated in the 
euchromatin.  The suppressed chief cells also showed a ra ther  rich precipitation in 
medium-sized or enlarged mitochondria  (Fig. 2) and nuclei, and occasionally also 
in rough-surfaced cytoplasmic vacuoles. 

The st imulated chief cells possessed a slight precipitat ion in normal-appearing 
mitochondria,  and a more rich precipitation in electron lucent areas of the inner 
compar tment  of s t ructural ly altered mitoehondria.  Precipitates were also seen 
in smooth-surfaced vacuoles with (Fig. 3) or wi thout  a connection with mitoehon- 
dria. A finely granular precipitat ion was also found diffusely in the cytosol (Fig. 4). 
Ra the r  large smooth-surfaced vacuoles wi thout  connection with mitochondria  
were also seen peripherally close to the  cell membranes  both in the  st imulated 
cells and in cells interpreted to be in a t ransi t ion from the  st imulated to  the active 
stage (Fig. 5). A few precipitates could occasionally be observed in cisterns of 
rough endoplasmic reticulum, in Golgi cisterns, and in secretory granules. 

The active chief cells showed only a sparse precipitat ion (Fig. 6). A precipi- 
ta t ion  of varying severi ty was also found intercellularly (Fig. 7) and pericapillary. 
No clear differences in precipitat ion were recorded between parenchymal  cells 
f rom the normal,  hyperplast ic  and adenomatous  glands. 

2 Virchows Arch. A Path.  Anat.  and t t is tol .  
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Fig. 5. Chief cells interpreted to be in a transition from the stimulated to the active stage in 
parathyroid adenoma showing a moderate cytoplasmic density, lamellae of rough-surfaced 
endoplasmic reticulum, rather small mitochondria, interdigitating membranes and rather large 
smooth-surfaced, electron lucent vacuoles with electron dense precipitation. These vacuoles are 
localized close to and in contact with the cell membranes. Precipitates are also seen in the 

interstitial area (I) and a few precipitates are observed in the mitochondria. • 12000 

The X-ray analysis gave significant peaks over precipitates localized to  nuclei, 
mitochondria ,  rough-surfaced and smooth-surfaced vacuoles, cytosol, as well as 
intercellular and pericapil lary spaces. However,  small single precipitates ( <  0.1 ~) 
could no t  be analyzed.  Using the  energy dispersive system, a peak was found for 
calcium and an t imony  (Fig. 8); the  spectrum for calcium ( C a ~ = 3 . 6 9  KeV) 
could no t  clearly be differentiated f rom tha t  of an t imony  (SbLa=3.60 KeV;  SbLt ~ 
=3 .84  KeV). Wi th  the  wavelength dispersive system it was possible to resolve the  
peaks for calcium and ant imony,  and significant peaks for calcium were obtained 
over precipitates with the  localizations described above (Fig. 9). No significant 
peaks were obtained over the  precipitates for other cations with any  of the  dis- 
persive systems, apar t  f rom those associated with the  techniques used for prepa- 
ra t ion  and mount ing  of the  specimens, e.g. copper (Cu) and rhodium (Rh) in the  
grids. 
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Fig. 6. Portion of active chief cells (to the left) in hyperplastic parathyroid gland showing a 
moderate cytoplasmic density, prominent lamellar rough-surfaced endoplasmie reticulum, and 
sparse mitoehondrial electron dense preeipitation (arrow). Portion of a stimulated chief cell 

(to the right) with electron dense precipitation (p) in the eytosol is also seen. • 17000 
Fig. 7. Intercellular are~ in hyperplastic parathyroid gland showing electron dense precip- 

itation between interdigitating cell membranes. • 28000 

Discussion 

The  ~indings show t h a t  ca lc ium-conta in ing  p rec ip i t a t i on  occurs in  h u m a n  
p a r a t h y r o i d  p a r e n c h y m a l  ceils. I n  preceding  exper imen ta l  s tudies  (Boquist  and 



I06 L. l~oquist 

Fig. 8. Data plots of energy dispersive spectra of pyroantimonate precipitations in three 
different parathyroid chief cells showing peaks for calcium/antimony (arrows). To the right of 

this are shown the peaks for copper (CuKa and Cutcz) from the grids used 
Fig. 9. Wavedength dispersive spectrum of pyroantimonate precipitation in stimulated 

parathyroid chief cell showing peak for calcium 
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FAhraeus,  1975; Boquis t  and  Lundgren ,  1975), i t  was t e n t a t i v e l y  suggested t h a t  
t he  ca lc ium-conta in ing  p rec ip i t a t ion  could be of funct ional  significance since the  
amoun t  and  d i s t r ibu t ion  of th is  p rec ip i t a t ion  was d i s t i nc t ly  different  in active,  
s t imu la t ed  and suppressed  chief cells. The  presen t  s t u d y  does not  allow any  
def ini te  appra i sa l  of the  possible  associa t ion be tween funct ional  ac t iv i ty  and  
ca lc ium-conta in ing  p rec ip i t a t ion  in h u m a n  p a r a t h y r o i d  cells. However ,  since t he  
d i s t r ibu t ion  of t he  p rec ip i t a t ion  in the  h u m a n  p a r a t h y r o i d  cells was s imilar  to  t h a t  
recorded  in gerbi l l ine cells, the  poss ib i l i ty  remains  t h a t  the  calcium~containing 
p rec ip i t a t ion  in the  h u m a n  p a r a t h y r o i d  cells is of func t iona l  significance. I n  
ano the r  expe r imen ta l  s t u d y  (Boquist ,  1975), occurrence of oxyph i l  cells was 
recorded  in p a r a t h y r o i d  glands ma in t a ined  at  a high calcium concen t ra t ion ;  i t  
was suggested t h a t  oxyphi l  cells a t  least  under  cer ta in  condi t ions  might  develop in 
p a r a t h y r o i d  glands  subjec ted  to  a high calcium concent ra t ion  and t h a t  the  mito-  
chondr ia  of these  cells had  accumula ted  calcium. Since a r ich mi tochondr ia l  
ca lc ium-conta in ing  p rec ip i t a t ion  was found in t he  oxyph i l  cells also in the  present  
s tudy,  t he  suggested mode  of oxyphi l  cell fo rmat ion  is wor th  of cons idera t ion  also 
as to  h u m a n  p a r a t h y r o i d  glands.  Calcium is well known to p l ay  an i m p o r t a n t  role 
in t he  funct ion  of endocr ine  cells. Thus, ex t race l lu lar  calcium is an absolu te  
r equ i remen t  for t he  induc t ion  of insul in  release f rom the  pancrea t i c  B-cells. 
I t  is also known  t h a t  the  ambien t  calcium concent ra t ion  regula tes  t he  secret ion 
of p a r a t h y r o i d  hormone.  F u r t h e r  s tudies  are  needed  in order  to  clarify the  role of 
the  ca lc ium-conta in ing  p rec ip i t a t ion  in t he  h u m a n  p a r a t h y r o i d  cell types .  
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