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A B S T R A C T  

This paper describes the effect of parathyroid extract on the fine structure of bone cells in 
the proximal metaphysis of the tibia. The extract was given to rats intraperitoneally, in 
single or repeated doses of 1-14 units (USP) per gram body weight, over short or extended 
periods, and the tissue was examined between 6 and 26 hr after the commencement  of in- 
jection. During this period, osteoblasts showed the greatest changes. Their  mitochondria 
became swollen and contained dense granules; both rough- and smooth-surfaced vesicles 
were distended; ribosomes were separated from the membranes; and various dense bodies 
appeared in the cytoplasm. Osteocytes were similarly but less affected, and osteoclasts 
differed little from those in normal animals. Eventually after repeated injections, the fine 
structure of many of the cells was disrupted. These changes were accompanied by erosion 
of the bony trabeculae without any great increase in numbers of osteoclasts. I t  is possible 
that the alterations in fine structure were the result of damage to the cells by the parathy- 
roid extract. However, since the extract did not seem to stimulate classical osteoclastic 
activity, the mitochondrial swelling and dense bodies could have been related to the re- 
moval of mineral and matrix, respectively. 

I N T R O D U C T I O N  

The parathyroid glands control the level of calcium 
ions in the serum by acting chiefly at three sites: 
the gut, the kidneys, and the skeleton (Rasmussen, 
1961; Bartter, 1961; McLean  and Urist, 1961). 
An extract of the glands injected intraperitoneally 
into experimental animals has been shown to pro- 
duce a rise in serum calcium and extensive bone 
resorption (McLean, 1958). When large amounts 
are injected the osteoblasts seen in the normal 
animal are replaced by spindle-shaped cells and 
multinucleated osteoclasts (Heller et al., 1950). 
The  extract presumably has a direct effect on the 
bone cell population because glands transplanted 
to the calvarium in vivo (Barnicot, 1948; Chang, 
1951) or explanted with bone in vitro (GaiUard 

1961) can produce local resorption. It  has been 
proposed that the extract alters the metabolic 
processes (Firschein et al., 1958; Nichols, 1963) in 
the bone cells in such a way that the mineral and 
organic matrix can be dissolved and dissipated 
into the extracellular fluid, but there is no infor- 
mation about accompanying structural alterations 
in the cells. 

Studies of the fine structure of bone cells have 
shown that there are characteristic differences be- 
tween osteoblasts and osteoclasts (Scott and Pease, 
1956; Dudley and Spiro, 1961; Gonzales and 
Karnovsky, 1961; Cameron, 1963; Hancox and 
Boothroyd, 1963; Robinson and Cameron, 1964). 
Osteoblasts have a structure organized for the 



synthesis of protein for export  to form bone mat r ix  
(Fi t ton Jackson  and  Randal l ,  1956), bu t  the ap- 
pearance  of mul t inucleated osteoclasts suggests 
tha t  they are equipped to do the opposite; tha t  is, 
to break down what  osteoblasts have buil t  up. 
The i r  endoplasmic re t iculum is not  well developed, 
and  loose inorganic crystals and  fragmented col- 
lagen mat r ix  unde r  and  between intr icate folds of 
the brush  border  (Scott and  Pease, 1956) are clear 
evidence of bone destruction. Because bone re- 
moval is increased by excess para thyroid  extract, 
it is reasonable to expect tha t  there might  be an  
increase in the n u m b e r  of mult inucleated osteo- 
clasts, or of cells with  only one nucleus having  the 
same ability as osteoclasts and  tha t  this increase 
should be accompanied  by a change in the fine 
s tructure of the previously existing cells. 

Heller  et al (1950), in their  classical paper  on 
the relat ionship between the para thyroid  gland 
and  bone, have described the transformations in 
the cells tha t  can  be seen with the l ight  microscope 

as the result of the injection of large amounts  of 
para thyroid  extract  (PTE.).  We  have used the i r  
work as a starting point,  and  our object was to 
study the changes in the fine structure of bone cells 
tha t  could be seen with the electron microscope 
after PTE  had  been given to young rats. 

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

The  rats were given PTE  (Para thormone ,  Eli 
Lilly & Co., Indianapolis) ,  inact ivated PTE,  or a 
substitute solution (Vaes and  Nichols, 1962) by  
in t raper i toneal  injection. Table  I gives the weight  
of each animal,  the n u m b e r  of units  injected, and  
the t ime at which  each was killed. The  an imals  
were kept  on a normal  laboratory  diet. Un t r ea t ed  
animals  provided fur ther  mater ia l  for comparison.  

The  bone for study was taken from the proximal  
end of the t ibia after each animal  had  been killed 
by dislocating the cervical vertebrae.  The  tissue 
was embedded  in Araldi te  and  the procedures for 
fixation, etc. were the same as those previously 

T A B L E  I 

Animal Weight, P T E  Dose, and Time Interval 

Time rat killed 
Rat No. Weight Dose after 1st injection 

g kr 
P T E  

26 100 100 units single injection 13 
29 135 300 units single injection 13 
30 125 100 -k 100 units 1 hr apart  13~ 
45 40 40 units every 4 hr 2 6 ~  
46 40 80 units every 4 hr 2 6 ~  
47 48 48 units every 4 hr 16 
48 48 96 units every 4 hr 16 
49 50 50 units every 4 hr 91,~ 
50 53 106 units every 4 hr 9~/~ 
52 100 500 -b 500 units 1 hr apar t  67 
53 100 1000 units single injection 161~ 
54 100 1000 units single inject ion 93/~ 
67 95 500 + 500 units 1/~ hr apar t  12 
68 113 500 -}- 500 units a/~ hr apart  9 
69 139 500 units single inject ion 6 
94 31 100 units single injection 13 
95 39 120 units single injection 10}~ 

Inactivated P T E  (Con trols) 
251 40 200 units (equivalent) single injection 17 
256 50 200 units (equivalent) single injection 81/~ 

Substitute solution 
255 160 600 + 600 units (equivalent) 1 hr apar t  8}~ 
257 100 5(?0 -}- 500 units (equivalent) }~ hr apart  16~  
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described in detail (Robinson and Cameron, 
1964). 

O B S E R V A T I O N S  

Light Microscopy 

The histological picture depended on the size of 
the dose of PTE and on the time that had elapsed 
between the administration of the 1st dose and the 
killing of the animal. In  the animals given the 
smallest dose or killed within 6 hr of a larger dose 
the changes were minor. Some of the osteoblasts 
were more elongated and spindle shaped than 
those in the normal animal, but  there was no evi- 
dence of resorption of calcified tissue. After about 
9 hr, an animal given a single injection of 3 units /g 
or 3 injections of 2 units/g at 4-hr intervals (Fig. 2) 
showed increased spindling and separation of the 
osteoblasts, and occasional dense bodies in their 
cytoplasm. 

When larger single or repeated small doses of 
PTE were used, a loss of trabeculae became ap- 
parent between 9 and 16 hr (Fig. 3). Most of the 
cells were spindle shaped, separated from one 
another, and more of them contained dense bodies, 
but still there was no obvious increase in number  
of osteoclasts. Occasionally osteoclasts contained 
cells in vacuoles in their cytoplasm, but there was 
no evidence of fusion of spindle cells or osteocytes 
to form multinucleated cells. Some single nucleated 

cells had pyknotic nuclei, and small areas of hem- 
orrhage were common. The  bone from the animals 
given a large dose at the beginning of the experi- 
mental period showed maximum resorption and 
cellular alteration by about 16 hr, but, with re- 

peated small doses, the changes progressed. In  the 
animal given 2 units/g at 4-hr intervals and killed 
at 261/~ hr (Fig. 4) most of the primary spongiosa 
had disappeared, many of the bone cells were 
necrotic or contained dense bodies, and there was 
a large amount  of hemorrhage. The  osteoclasts 
were more numerous than earlier, but  there was 
still a preponderance of spindle cells on and be- 
tween the few remaining trabeculae. Dividing cells 
were present in small numbers at this time as well 
as earlier. In  the animal given half this dose, the 
destruction was not so extensive and necrosis and 
hemorrhage were less obvious. 

In the animals given inactivated PTE or the 
substitute solution, the bone was similar to that in 
the normal animal (Fig. 1). 

Electron Microscopy 

The changes seen with the light microscope 
were paralleled by changes in fine structure. Fig. 5 
shows the appearance of many of the ceils between 
9 and 16 hr  after administration of 3-10 units of 
PTE. 

OSTEOBLASTS : These cells showed the great- 
est difference from the normal. The  earliest 
changes (6 hr  after 4 units/g) were the swelling of 
mitochondria and the appearance of numerous 
dense bodies before the cells became elongated. 
By 9 hr, the mitochondrial  swelling was widespread 
(Figs. 5 and 6), although not every spindle cell 
was affected. The swollen mitochondria were also 
seen in dividing cells. The  cristae did not pass 
from one wall to the other and were often widely 
separated, so that the organelles appeared vacuo- 
lated (Fig. 6). Many mitochondria contained 
small, dense bodies, each composed of a rosette of 
fine granules (Figs. 7 and 7 a). 

The  Golgi region was present in the spindle- 
shaped cells (Figs. 6, 6 a, and 1 l) although the 
smooth-surfaced cisternae became increasingly 
swollen as time passed (Fig. 8). Two changes ap- 
peared in the rough-surfaced endoplasmic retic- 
ulum. In some ceils, much of the membrane 
system had disappeared and the ribosomes lay free 
in the cytoplasmic matrix (Fig. 9). In other cells, 
the cisternae were widely dilated (Figs. 1 and 8) 
and were eventually disrupted. Polysomes could 
often be seen in the cytoplasm (Figs. 7-9). Dense 
bodies of various types (Figs. 5, 6, 9-1 l) resembling 
lipid droplets, lysosomes, and myelin figures were 
present in many of the cells when most of the 
resorption was occurring. 

The  plasma membranes were like those in nor- 
mal ceils. They were relatively smooth with few 
projections and did not appear to fuse with those 
of neighboring cells (Figs. 6, 9, and 12). After 26 
hr of being repeatedly dosed, many of these cells 
had washed-out nuclei with irregularly clumped 
chromatin;  cell membranes were discontinuous 
and organelles were free between the cells. 

OSTEOCYTES : T h e  changes in these cells were 
less marked than in the osteoblasts. Mitochondria 
became swollen and dense bodies appeared in 
many, but not all cells (Figs. 12 and 13). There 
was not so much distension of the cytoplasmic 
membrane systems. Many  of the cells did not fill 
their lacunae and were separated from the calcified 
matrix by a fine amorphous material that was 
free of collagen fibrils (Fig. 12). The  plasma mere- 
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FIGURE 5 9 hr after 9 uni t s /g  P T E  over 30 min. Most  of the cells are elongated and  separated from one 
another.  The  mitochondria and some cisternae are swollen and dense bodies are present. The  bone matr ix 
is completely obscured by mineral a t  the  upper left, bu t  shows patchy calcification a t  the  lower right. 
Osteoclast, ocl; osteocyte, ocy. X 5000. 



F~GUICE 6 9 hr after 9 un i t s /g  P T E  over 80 min. Spindle cells with Golgi zones (G), swollen mitoehondrla, 
and  dense bodies. Uncalcified fibrils can be seen at  the bone matr ix  surface. X 6000. 

FIGURE 6 a Golgi and rough-surfaced vesicles and  vacuolated mitochondria. X 18,000. 

FIGURE 7 16~/~ hr after one injection of 10 un i t s /g  PTE.  Granules in swollen mitoehondria. Polysomes, p; 
dense body, db. X 30,000. 

FIGURE 7 a Mitochondrial granules composed of rosettes of small particles. X 80,000. 



F1GVRE 8 9 hr after 9 units/g PTE over 80 minutes. Distended Golgi and rough-surfaced vesicles. 
Polysomes, p. X ~5,000. 

brane in such cells was relatively smooth between 
the processes that passed into the canaliculi. 

OSTEOCLASTS: These were little different 
from those in normal animals. They were some- 
times spindle shaped (Fig. 5), but the main change 
was the swelling of the mitochondria (Figs. 5 and 
14), although this was not always so pronounced 
as in the spindle cells. They had considerably 
fewer dense bodies than the osteoblasts. The  brush 
border (Fig. 14) was present and there was no 
evidence of fusion with other cells (Fig. 13). The  
osteoclasts seemed less affected than the other 
cells after they were dosed repeatedly for 26 hr; 
their brush borders remained relatively intact and 
in relation to disrupted bone surfaces. 

B O N E  M A T R I X  S U R F A C E :  This looked very 
much like that in normal bone. Under  the osteo- 
blasts, there was either a layer of collagen with or 
without patches of mineral or else the surface was 
completely calcified (Figs. 5 and 6). Under  the 
brush border of the osteoclasts the matrix had the 
usual disrupted appearance (Figs. 13 and 14). 

CONTROLS: In the control animals, the cells 
appeared normal. They formed a compact  layer 
over the calcified tissue. The  cells had few dense 
bodies, and only occasional cells contained swollen 
mitochondria. 

D I S C U S S I O N  

After the intraperitoneal injection parathyroid ex- 
tract into rats, two main changes occurred in the 
tibial metaphysis. Alterations developed in the fine 
structure of osteoblasts and osteocytes, beginning 
with the swelling of mitochondria and the forma- 
tion of numerous dense bodies, and progressing to 
eventual death of many cells after 26 hr  of re- 
peated injections. During the same period, thebony 
trabeculae were eroded and many eventually 
disappeared without any great increase in mul- 
tinucleated osteoclasts such as is described by 
Heller et al. (1950). Several questions follow from 
these results. I t  would be interesting to know (a) 
whether the changes in fine structure were an 
expression of the physiological effect of the extract 
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FIC, TTRE 9 13 hr after one injection of 3 units/g PTE. Various dense bodies are present. The endoplasmie 
retieulum is rudimentary and many ribosomes lie free in the cytoplasm. X 10,000. 

or of damage produced by toxic doses; (b) how the 
calcified tissue disappeared without an obvious 
increase in numbers of multinucleated osteoclasts; 
and (c) whether the changes in fine structure could 
be related to the removal of mineral and organic 
matrix. 

(a) Nature of the Changes in Fine Structure 

In  assessing the nature of the changes, the fact 
that the doses of PTE were large must be taken 
into account. However, most attempts to under-  
stand the normal relationship between the para- 
thyroids and bone have been based on large doses. 
Heller et al. (1950) certainly emphasized the fact 
that they were using toxic amounts of PTE, suffi- 
cient to cause degenerative changes in some of the 
bone cells. Many  of the changes in fine structure 
in the present study could have been indications of 
degeneration. In  the liver, swelling of mitochon- 
dria and distension of the endoplasmic reticulum 
have been regarded as signs of damage and anal- 

ogous to the cloudy swelling seen with the light 
microscope (Ashworth et al., 1963). Some of the 
dense bodies seen in our study resembled lipid; 
while a small number of them may be found in 
normal bone cells (Bonucci, 1965), the number  in 
our material may have been abnormal. Autolysis 
is reported to be accompanied by the appearance 
ofvarlous dense bodies (Ashford and Porter, 1962). 
The  increase in the number  of such dense bodies 
in the spindle cells in our material may have 
been manifestations of damage. On  the other hand, 
there was evidence that the cells were continuing to 
function. Dividing cells, some containing swollen 
mitochondria, could be seen even after 26 hr of 
repeated doses. During the 9- to 16-hr period, 
when the resorption reached a peak after a single 
dose, many of the cells with the swollen mitochon- 
dria and dense bodies also had well developed 
Golgi areas, endoplasmic reticulum, and numerous 
polysomes. 

I t  is difficult to say whether these changes in 
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Fmt:aE 10 9 hr after 9 units/g PTE over 30 min. Dense bodies and swollen mitoehondria in a spindle 
cell. X 45,000. 

]?tG[rt~E 11 9 hr after 9 units/g PTE over 30 rain. Dense bodies and Golgi vesicles in a spindle cell. 
X ~0,000. 

fine s tructure were an exaggerat ion of a physiologi- 
cal process. Swollen mi tochondr ia  are present in 
some cells in normal  bone, and  this may  be an  
indicat ion tha t  the cells are responding to endog- 
enous para thyroid  hormone.  W h e n  a small dose of 
P T E  was given, the widespread swelling of mito-  
chondr ia  was the most notable  change and  oc- 
curred  before resorption could be detected. On  the 
other  hand,  with the larger doses some of the cells 
were spared, suggesting tha t  these cells were in a 
par t icular  funct ional  state and so did not  respond 
to the PTE.  However,  since the repeated doses 
produced considerable necrosis eventually, it is 
possible tha t  the earlier changes were the result of 
damage  to the cells. 

(b) Resorption without an Obvious Increase 

in Numbers of Multinucleated Osteoclasts 

Several possibilities come to mind  to explain 
this result. One  is tha t  those osteoclasts present 

moved more rapidly than  normal ly  (Gaillard,  
1961). Most  of them were found in the usual places 
(e.g. tibial buttress and  diaphyseal  ends of the 
metaphyseal  trabeculae),  and  the close relation- 
ship between disintegrat ing bone and  brush borde r  
was mainta ined.  O n  the t rabecular  surfaces, the 
osteoclasts were separated from each other  by 
spindle cells which would seem to have provided a 
h indrance  to thei r  movement .  

The  extract  may  have st imulated a more rapid  
turnover  of osteoclasts with  an increased rate of 
bone destruction. This could not  be de te rmined  on 
morphological  grounds, and there is no evidence 
from H3-thymidine studies tha t  P T E  changes the 
rapidi ty with which the cycle "osteoprogeni tor"  
cell - osteoclast - "os teoprogeni tor"  cell takes place 
(Young, 1964). 

Ano the r  possibility is tha t  bone cells with  single 
nuclei took on the characteristics of osteoclasts. In  
some of them, the endoplasmic re t iculum was not  
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FIGL'RE 12 9 hr after 9 units/g PTE over 80 min. Osteocyte in its lacuna. The cell is separated from 
the lacunar wall by a space. The endoplasmic reticulum is well developed and the Golgi zone (G) is dis- 
tinct. The mitochondria are swollen and some dense bodies (db) are present. ;< 10,000. 

well developed (or had  become "a t roph ic" )  and  
there were many  free ribosomes in the cytoplasm, 
as in classical osteoclasts. However,  none developed 
a brush  border  and  none was adjacent  to the areas 
of disrupted bone tha t  can be seen under  muh inu -  
cleated cells. 

I t  seems to us tha t  none of these explanat ions is 
satisfactory. I t  is appa ren t  tha t  PT E  did not  stim- 
ulate classical osteoclasis in the early stages, and  
this is in agreement  with the observation of Heller  
et al (1950), a l though those authors were impressed 
by the later  appearance  of osteoclasts (at 12 hr).  If  
this observation is correct, it will be necessary to 
look for some other  way in which the extract  exerts 
its effects. In  the normal  animal,  it is possible tha t  
exchange of calcium and  inorganic phosphate  be- 
tween bone and  tissue fluid is not  media ted by 
osteoclasts (Macgregor,  1964). bu t  by the other  
bone cells for which the cellular mechanisms and  
their  morphological  basis have not  as yet been 
recognized. W h e n  the para thyroid  glands are 

s t imulated by peri toneal  lavage, calcium removal  
is not  dependen t  on the size of the osteoclast popu- 
lat ion (Talmage et al., 1965). P T E  may  also have 
its main  effect on cells o ther  than  osteoclasts and  
cause the net  movement  of mineral  to be in one 

direction, tha t  is, out  of bone. This  effect must  

occur quite early, for Cameron  and  Copp (1963) 

have shown tha t  the level of calc ium in the serum 

may  rise 6 hr  after injection of small amounts  of 

P T E  into rats. The  changes tha t  we have seen by  
tha t  t ime seem minor  bu t  la ter  they become exag- 

gerated and  could be responsible for, or a t  least 
connected with, the increasing loss of bo th  minera l  
and  matr ix  from the bone. 

(e) Relation of Changes in Fine Structure to 
Removal of the Calcified Tissue 

So far as the minera l  removal  is concerned,  a 

n u m b e r  of ions have been suggested as being in- 
volved, and  fashions have changed  from ci trate 
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FIGURE 13 9 hr of ~ units/g PTE at 4-hr intervals. Osteoclast (ocl) with brush border (bb) anda neighbor- 
ing osteocyte. Tile plasma membranes between them are blurred in one area (arrow), but this is probably 
because they have been sectioned obliquely rather than because the cells have fused. Mitochondria in the 
osteoclast only are swollen. The bone adjacent to the brush border has a frayed appearance, but there is 
no suggestion of this at the margins of the lacuna in which the osteocyte lies. )< 10,000. 

(Neuman et al., 1960; Walker, 1961) to lactate 

(Borle et al., 1960) and carbonate (Forscher and 

Cohn, 1963). All the acids invoked are related to 

respiration in cells, and changes in mitochondria 

may, therefore, be of some significance. 

The  swelling of the mitochondria may be sec- 

ondary to the increase in calcium and phosphate 

ions in the tissue fluid. It  is known that these ions 
will cause mitochondrial swelling in vitro (Wojt- 

czak and Lehninger, 1961), and this may be the 

first indication that the PTE has caused mineral to 

be removed from the hard tissue. The  granules in 

the mitochondria of the spindle cells may also be a 

measure of mineral movement  (Caulfield and 

Schrag, 1964; Greenawalt  et al., 1964) On the 

other hand, DeLuca and Sallis (1965) have shown 

that mitoehondria provide a system that will 

respond specifically to parathyroid hormone and 

may control intracellular ion concentrations. The  

structural alterations in mitochondria may be a 

reflection of this control. 

Removal  of organic matrix would depend in 

part on the presence of proteolytic activity. B5lan- 

ger and Migicovsky (1963) showed that P T E  in- 

creased the size of osteocyte lacunae in vivo and 

enhanced the ability of osteocytes to digest a 

gelatin substrate in vitro. We found osteocytes 

separated from the lacunar walls by a space that 
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FIGURE 14 16 hr of 1 unit/g PTE at 4-hr intervals. Osteoelast with brush border and adjacent disrupted 
bone. The mitochondria are swollen and contain granules. X 1~,000. 

was larger than normal (Fig. 12). This space may 

have been evidence of "osteolysis," but  the possi- 

bility of cell shrinkage cannot be excluded. Colla- 

gen breakdown in vitro is increased by PTE (Stern 

et al., 1965; Walker et al., 1964, Kaufman et al., 

1965). Woods and Nichols (1965) have demon- 

strated collagenase in normal bone cells in the 

mitochondrial fraction and suggested that it might 

be contained in lysosomes. Many of the dense 

bodies in spindle cells (Fig. I0 and 11) may have 

been counterparts of the lysosomes described by 

others (de Duve, 1959; Novikoff, 1963), although 

we did not test them for the presence of acid phos- 

phatase. Lysosomal enzymes may be responsible 
for the normal process of resorption (de Duve, 

1963; Vaes, 1965) or that which occurs in hyper- 
vitaminosis A (Fell, 1964), so it is possible that 

some of the dense bodies that appeared after PTE 

were significant in the removal of the trabeculae. 

In conclusion, it can be said that, while the work 

of Heller et al., (1950) has provided useful informa- 

tion in terms of conventional histology, the experi- 

mental technique in our hands has not yielded 

unequivocal evidence about the relationship be- 

tween bone resorption and changes in fine struc- 

ture of bone cells produced by PTE. We have 

shown (as they also did) that bone can disappear 

without an obvious increase in osteoclasts and 

suggested how the mitochondrial changes and ap- 

pearance of dense bodies may have been related to 

the erosion of the bony trabeculae. However, the 

changes could be interpreted as having been the 

result of damage from large doses of the extract. 

A more refined approach will be necessary to show 

the way in which the parathyroid glands control 

bone cells. 
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