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Observations on Two Types of Protein Granules 
in Primate and Avian Parathyroid Cells 

My previous  a t t e m p t  to discover  in t racel lu lar  s t ruc-  
tures  associated wi th  t he  physiological  funct ions  of  t he  
pa ra thyro id  cells has been rewarded  by  the  demons t ra t ion  
of a t ype  of prote in  granule  which is p resumed to be 
correla ted wi th  the  secre tory  ac t i v i t y  of t he  cells 1. A 
fur ther  approach  in th is  l ine has recent ly  led me  to  
visualize two types  of pro te in  granules exhib i t ing  posi t ive 
2, 2 ' -d ihydroxy-6,  6 ' -d inaph thy l  disulphide (DDD) diazo 
blue ]3 and  2-hydroxy-3-naphtho ic  acid  hydraz ide  
(HNAH)  diazo blue 13 react ions  respec t ive ly  in the  cyto-  
p lasm of bo th  the  monkey  (Macaca cyclopis) and quai l  
(Coturnix coturnix japonica) p a r a t h y r o i d  cells. The  need 
for morphologica l  e x a m i n a t i o n  of these  granules in dif- 
ferent  cell types  and under  va r ied  condi t ions  for precise 
charac te r iza t ion  of t he  g ranu la r  react ions  a n d  for conse- 
q u e n t  e lucidat ion of  t he  cytophys io logica l  significance of 
t he  granules  has p rompted  the  work  recorded in the  
present  report .  Pa r a thy ro id  glands were ob ta ined  f rom 
anaes the t i zed  monkeys  (Macaca cycIopis) and f rom l ive 
laying and non- laying quails  (Coturnix coturnix japonica). 
The tissues were  incuba ted  in f ixa t ives  such as 1 or  2% 
t r ichlor  acet ic  acid e thano l  a n d  Carnoy ' s  f luid a t  room 
t e m p e r a t u r e  for 1 to 24 h. Paraf f in  sections a t  a th ickness  
of 8 # were  cut  and s ta ined wi th  DDD diazo blue B and 
H N A H  diazo blue B for the  respect ive  demons t ra t ions  
of p ro te in  bound  su l fhydry l  and  ca rboxy l  groups,  as 
prescr ibed or iginal ly  by  BARRNETT and SELIGMAN 2,3 The 
former  s ta in ing was, a t  t imes,  done in combina t ion  wi th  
previous  t r e a t m e n t  w i th  thioglycol ic  acid or  N-e thy l  
male imide  po tass ium cyan ide  sequence for de tec t ing  pro-  
te in  bound  disulfide groups 4,5. The  la t te r  was occa- 
s ional ly  accompanied  by  sod ium hydrox ide  or e thanol  
t r e a t m e n t  in order  to  dis t inguish pro te in  bound  side chain  
f rom a- te rmina l  ca rboxy l  groups *,7. 

I n  t he  paraf l ly ro id  gland of the  monkey ,  D D D  diazo 
btue B reac t ive  granules  occur  in the  cy top lasm of bo th  
chief  and  oxyphi l  cells, being re la t ive ly  smal ler  in a m o u n t  
in the  l a t t e r  cell t ype  than  in the  former  (Figure 1). The  
morphologica l  d is t r ibut ion  of the  granules  is wor thy  of 
a t t en t ion ,  pa r t i cu la r ly  in chief  cells ; the  granules  axe f ie-  
quen t ly  concen t ra ted  in per ipheral  loci of the  cytoplasm,  
rest  on the  outer  surface of the  p lasma m e m b r a n e  and 
are  seen wi th in  t he  ext race l tu lar  space. Such a dis t r ibu-  
t ion pa t t e rn  appears  suggest ive  o f  the passage of the  
granules t h rough  the  p lasma membrane .  In  the  para-  
t hy ro id  cells of the  quail ,  D D D  diazo blue B reac t ive  
granules  are  a lmos t  ident ica l  in d is t r ibut ion  pa t t e rn  wi th  
those visual ized in chief cells of the  m o n k e y  pa ra thy ro id  
gland, thus  occurr ing bo th  in the  cy top lasm and  wi th in  
t he  extracel lulax space (Figure 2). A larger  a m o u n t  of 
more in tensely  DDD diazo blue B reac t ive  granules  is 
discernible in the  pa ra thyro id  p a r e n c h y m a  taken  f rom 
lay ing  quails  t h a n  in t h a t  f rom non- laying birds  (Figure 3). 
Since the  pa ra thyro id  cells of laying birds are conceived 
to be more ac t ive  in secretory funct ion  than  those of non- 
laying individuals ,  th is  would imply  t h a t  the  a m o u n t  and  
s ta in ing in tens i ty  of D D D  diazo blue ]3 reac t ive  granules  
are closely correla ted wi th  the  ex t en t  to which the  para-  
thy ro id  cells are  e labora t ing  thei  r p roducts  of secretion.  

I n  t he  m o n k e y  pa ra thy ro id  gland H N A H  diazo blue B 
reac t ive  granules  are  th ick ly  condensed in the  cy top lasm 
of oxyphi l  cells (Figure 4), which is e leet ronmicroscopic-  
al ly conf i rmed to  conta in  an  exclusive abundance  of 
mi tochondr i a  s. So i t  appears  t h a t  the  m a j o r i t y  of this  
t ype  of pro te in  granules represents  a mi tochondr ia l  figure. 
I n  line wi th  such in te rpre ta t ion ,  H N A H  diazo blue B 

Fig. 1. Parathyroid gland of a monkey (Macaca cyclopis). In the 
cytoplasm of an oxyphil cell DDD diazo blue B reactive granules are 

relatively smaller in amount than in that of chief cells. × 1300. 

Fig. 2. Parathyroid glmxd of a non-laying quail (Colurnix coturnix 
japonica). DDD diazo blue B reactive granules are demonstrated in 

the glandular parenehyma, x 1300. 
Fig. 3. Parathyroid gland of a laying quail (Coturnix coturnix 
japonica). DDD diazo blue B reactive granules are more pronounced 

in amount and stainability than those in Figure 2. x 1300. 

Fig. 4. Parathyroid gland of a monkey (Macaca eyclopis). HNAH 
diazo blue B reactive granules are thickly condensed in the cytO- 
plasm of an oxyphil cell, while being moderate in amount in that of 

chief cells, x 1300. 

Fig. 5. Parathyroid gland of a non-laying quail (Conturnix coturniX 
japonica). HNAH diazo blue 13 reactive granules are seen prepon- 

derantly in the cytoplasm of the glandular cells, x 1300. 

Fig. 6. Parathyroid gland of a laying quail (Coturnix coturniX 
japonica). HNAH diazo blue B reactive granules are larger in amount 
and stain more intensely compared with those in Figure 5. x 1300. 
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reactive granules tend to be distributed preponderantly 
in the cytoplasm of chief cells (Figure 4). However, i t  
deserves a t tent ion tha t  a small amount  of H N A H  diazo 
blue ]3 reactive granules is localized outside the monkey 
parathyroid cells. Wi th  regard to the morphology of 
H N A H  diazo blue B reactive granules, the quail  para- 
thyroid cells appear identical with chief cells of the 
monkey parathyroid gland, thus containing a prepon- 
derant distribution of the granules, while denoting the 
extracellular location of their small amount  (Figure 5). 
Further,  H N A H  diazo blue B reactive granules are more 
prominent in amount  and stainabili ty in laying quails 
than in non-laying birds (Figure 6), pointing, therefore, to 
a parallelism of both properties of the granules to the 
secretory function of the parathyroid cells. 

Previous thioglycolate reduction cannot  decidedly in- 
crease the staining intensity of DDD diuzo blue B reactive 
granules, and prior N-ethyL maleimide potassium cyanide 
sequence fails to yield a significantly intense reaction of 
the granules. Accordingly, protein bound sulfhydryl 
groups are primarily responsible for the reaction of the 
granules. H N A H  diazo blue B reactive granules nearly 
fail to colour when the staining technique is accompanied 
by sodium hydroxide or ethanol t reatment .  Therefore, 
their stainability is considered to be due mainly to protein 
bound side chain carboxyl groups, 

The present morphological examination of the two 
types of protein granules in different cell types and under 
varied conditions and the characterization of the granular 
reactions have provided an important  clue to the accurate 
recognition of the cytophysiotogical significance of the 
granules. From their morphological features, DDD diazo 
blue B reactive granules can be conceived to reflect to an 
appreciable extent  the cellular act ivi ty  of secretion. This 
concept is particularly plausible in view of the recent 
electronmicroscopic evidence tha t  in the human and deer 
parathyroid glands secretory granules can morphologic- 
ally be followed from their formation in the glandular 
cells almost to their extrusion into the bloodL Moreover, 
in the l ight of the biologically act ivating effect of a sulf- 

hydryl group containing reducing reagents like cysteine 
upon parathyroid hormone preparations ~0,n, the chemi- 
cal nature of the groups responsible for the granular reac- 
tion gives support to the theory tha t  the granules exis t  in 
association with the hormone. The possibility tha t  the 
granules display mitochondrial  figures should be denied, 
because despite their  ext reme mitochondrial  abundance s 
oxyphil  cells have been shown to contain a relatively 
small amount  of the granules in the monkey parathyroid 
gland. The morphology of H N A H  diazo blue B reactive 
granules may indicate tha t  their major i ty  represents a 
mitochondrial pattern, whereas the extracellular presence 
of their  small number is suggestive 6f their possible parti- 
cipation in the secretory function of the cells. In  connec- 
tion with the latter idea, the biochemical data  may de- 
serve at tent ion in that  parathyroid hormone preparations 
involve a significant number  of g h t a m i c  and aspartic 
acid residues n and, therefore, of side chain carboxyls, 
which are found here to be the very groups responsible 
for the stainability of H N A H  diazo blue B reactive 
granules. 

Zusammenfassung. In Parenchymzellen der Epithel-  
k6rperchen yon Allen (Macaaa cyclopis) und Wachteln 
(Coturnix coturnix ]aponica)lassen sich zwei Typen yon 
Proteingranula histochemisch unterscheiden. Die cyto- 
physiologische Wertung dieser Granula wurde diskutiert. 
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E i n b a u  y o n  H S - D - G l u c o s e  w i i h r e n d  d e r  
O o g e n e s e  b e i  Apis mellifica L. 

In  die wachsenden Oocyten der Insekten werden erheb- 
liche Mengen verschiedenartiger Reservestoffe einge- 
lagert, die insgesamt als Dot ter  bezeichnet werden kSn- 
nen. Die Eizellen erreichen dadurch - meist in wenigen 
Tagen - in cytologischen Dimensionen betrachtet  riesen- 
hafte Ausmasse. ~Vie neuere, vor allem mit  autoradio- 
graphischer 1 und serologischer ~ Methodik durchgeffihrte 
Untersuchungen fiber die Bildung der Proteinkompo- 
nenten des Dottersystems gezeigt haben, werden die hier- 
bei erforderlichen Syntheseleistungen nicht yon der 
Oocyte atlein voltbracht:  Die bei ihrem euplasmatischen 
Eiweissaufbau verbrauchte R N S  s tammt  aus den poly- 
ploiden N~ihrzellen, und die Proteine der Dotterschollen 
werden bereits als Makromolekiile aus der Haemolymphe 
aufgenommen 3, wodurch das ausserordentlich schnelle 
Wachstum der Oocyten verst~ndIich wird 4. t3ber Kohlen- 
hydrate  liegen noch keinerlei entsprechende Befunde vor. 
Die vorhandenen Angaben sind vorwiegend deskriptiv 

und beziehen sich auf das weitverbreitete Vorkommen 
yon Glykogen meist im Eizellplasma sp~.ter Oogenese- 
stadien 5,e, yon PAS-positiven Dotterschollen s,~-xo oder 
auch beidem nebeneinanderS, n -Is. Unter  Verwendung 
yon Glucose als Tracer wurde mi t  autoradiographischer 
Technik erstmals versucht, den genauen Zeitpunkt und 
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