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Parathyroid hormone-induced changes in 
bone matrix metabolism, as measured by in- 
corporation of pr01ine-C~~ into hydroxypro- 
line of matrix collagen and gluco~e-2-C~~ into 
hexosamine of matrix mucoprotein, have pre- 
viously been reported from this laboratory 
( 1,2). It has also been shown that changes 
in the level of calcium bathing bone in vivo 
may alter the level of equilibration during 
later in vitro incubation(3). Thus, i t  is pos- 
sible that the changes in local calcium ion 
concentration in vivo could affect matrix me- 
tabolism w, well. In  addition, acute changes 
in calcium homeostasis could release the re- 
cently proposed hormones, calcitonin (4) or 
thyrocalcitonin ( 5 )  , which might also produce 
metabolic alterations in the bone. Conse- 
quently experiments were designed to deter- 
mine the specificity of the metabolic changes 
produced by injection of Parathyroid Extract 
W E ) .  

Methods. Male Wistar rats, weighing 90 
to 110 g were utilized in all experiments. Each 
group of animals, experimental or control, 
consisted of 6 rats. Calcium and PTEt were 
administered as previously described, except 
in 2 experiments where a 20'7% solution of 
Neo-Calglucon (Sandoz) was utilized and 
the total dose was 9 mg of calcium rather 
than 13.5 mg of calcium. Animals receiving 
PTE were killed 15 hours after the last in- 
jection and those receiving calcium infusions 
were killed 3 hours after the first injection. 
Parathyroidectomy was performed by electro- 
cautery 3 days before death and the success 
of the operation was confirmed by measure- 
ment of the serum calcium level. Thyro-para- 
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thyroidectomy was performed surgically 3 
days before the experiment. 

Calvaria were removed, cleaned, and cut 
longitudinally into sections which were incu- 
bated in 3 ml of Krebs Ringer bicarbonate 
medium containing no calcium. In all experi- 
ments, except those designed to determine the 
specific activity of matrix hexosamine, glu- 
cose was added to a final concentration of 
100 mg per 100 ml. When indicated proline- 
C14 and gluc0se-2-C~~ were added in the 
amounts of 1 pc per flask and the specific 
activity of matrix hydroxyproline or hexosa- 
mine was determined as previously described 
(2). At the end of the incubation aliquots 
of medium were removed for determination 
of calcium ( 6 ) ,  glucose ( 7 ) ,  and lactate (8). It 
was previously demonstrated that calcium 
equilibrium existed at 6 hours in incubation 
of dead bone(3), and this observation was 
confirmed in incubation of living bone. 

Means were calculated and compared using 
Student's t test and the probability values 
are shown in the Tables. In Table I the ab- 
breviations used are shown. The experiments 
presented were performed over the period of 
a year. Each experimental group is paired 
with its control. The variation in controls 
is due in part to the natural variation be- 
tween different groups of animals; and also, 
in the case of hydroxyproline and hexosamine 
specific activities, to the utilization of isotope 
of different specific activity in different ex- 
periments. 

Results. Matrix hydroxyproline and hexos- 
amine. In  Table 11, the results of a number 
of different experiments are shown. It can 
be seen that there is a significant decrease 
in the specific activity of hydroxyprdine 
whenever PTE had been administered. Cal- 
cium infusion produced no change. The re- 
moval of the parathyroid gland, either by 
electrocautery or thyro-parathyroidectomy, 
also produced a significant decrease in the 
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TABLE I. Legend for Abbreviations Used in Following Tables. 

Group Control Experimental 

N-PTE Normals injected with diluent Normals injected with P T E  
N-CA Normals injected with saline ” calcium 
SH-PTX Sham operated parathyroid- Parathyroidectomized 

ec tomized 
PTX-PTE Parathyroidectomized injected 

injected with diluent with PTE 
PTX-CA Parathyroidectomized Parathyroidectomized injected 

injected with saline with calcium 
SH-TPTX Sham operated thyro- Thyro-parathyroidectomized 

parathyroidectomized 
TPTX-PTE Thyro-parathyroidectomized 9 )  

inject.ed with diluent 

) I  I f  

9 9  

injected with PTE 

TABLE 11. Changes Found in Matrix Hydroxyproline Specific Activity and Hexosasline 
Specific Activity. All values in this and following tables are means f: standard error of mean. 

Hydroxy-proline (cpm/pole)  Hexosamine (cpm/qole) 
Group Control Exp P Control EXP P 

N-PTE 168 k 26 23 2 4 < . O O l  248 18 441 k 44 <.005 
N-CA 168 t 2 G  205 k 32 NS 2 4 8 2  18 224+ 27 NS 
SH-PTX 522 2 2 4  292 + 66 <.02 620 2 126 497 & 80 NS 
PTX-PTE 192 2 24 16 2 6 < . O O l  367 & 40 482 + 2 4  <.05 
PTX-CA 192 & 24 2 1 4 k 3 1  NS 367 2 40 266 k 26 NS 
SH-TPTX 522 & 24 251 k 61 <.005 620 2 126 548 & 89 NS 
TPTX-PTE 262 f: 31 139 + 7 < . O O l  548 k 89 9 8 4 2  51 <.005 

TABLE 111. Changes Found in Glucose Utilization and Lactate Production, 

Glucose Lactate 
(&moles utilized/100 mg bone) ( p o l e s  produced/lOO mg bone) 

Group Control EXP P Control EXP P 

N-PTE 3.3 2 .13 3.5 k .08 NS 3.2 2 .17 4.2 2 .25 <.005 
N-CA 3.3 +- .13 2.6 k .26 <.02 3.2 k .17 3.3 2 .37 NS 
SH-PTX 3.2 f: .04 1.9 2 -210 <.02 6.4 k .57 4.5 f: .03 <.02 
PTX-PTE 1.7 &.22 2.2 t .29 NS 4.5 & .27 6.3 k .49 <.01 
PTX-CA 1.9 2 .20 2.0 t .20 NS 4.5 2 .30 5.1 2 .40 NS 
SH-TPTX 5.8 & .20 3.9 2 .30 <.005 5.4 f: .35 4.3 2 .21 <.05 
TPTX-PTE 3.9 2 .30 4.4 k .30 NS 4.3 + -21 6.7 2 .28 <.OOl  

specific activity of hydroxyproline, although 
the effect of injection of PTE was still ap- 
parent. 

An increase in specific activity of hexosa- 
mine following PTE is demonstrated in all 
groups. No change is found after calcium 
infusion or removal of the parathyroid gland, 
although a trend toward decreased specific 
activity after parathyroidectomy is noted. 

Thus, decreased specific activity of hy- 
droxyproline and increased specific activity 
of hexosamine appear to be related to injec- 
tion of FTE and not to an increased level 
of calcium ion or acute release of calcitonin 
or thyrocalci tonin. 

Glucose or lactate. The changes produced 
in glucose utilization and lactate production 
are shown in Table 111. A significant decrease 
in glucose uptake is produced both by re- 
moval of the parathyroid gland and by injec- 
tion of calcium. When normal calvaria were 
incubated in medium with varying calcium 
concentrations (up to 15 mg per 180 ml) no 
change in glucose utilization of significance 
was produced. Thus, the change produced 
by infusion of calcium in vivo may be due 
to decreased output of parathyroid hormone. 
In  all cases administration of PTE tended 
to increase glucose utilization, although the 
values did not reach a level of significance. 
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TABLE IT. Changes Found in Medium Calcium. 

Medium calcium (mg/100 ml) 

Group Control EXP P 
N-PTE 3.6 - .04 4.3 - .04 < . O O l  
N-CA 3.6 - .04 4.0 - .05 < . O O l  
SH-PTX 4.0 - .09 3.4 - .06 < . O O l  
PTX-PTE 3.4 - .14 4.2 - .24 <.02 
PTX-CA 3.4 - .06 3.8 - .06 <.005 
SH-TPTX 3.0 - .ll 2.1 - .36 <.05 
TPTX-PTE 2.1 - .36 3.0 - .23 NS 

Lactate production was significantly increased 
by administration of PTE in all cases and 
was decreased by removal of the parathyroid 
gland. 

These data confirm the previous observa- 
tion by Borle, Nichols, and Nichols(9), and 
others, that parathyroid extract does increase 
lactate production, and also imply that para- 
thyroid extract may increase glucose uptake, 
as has also been suggested. A t  least in the ab- 
sence of the hormone, glucose utilization was 
decreased, although at the dose level of PTE 
given, uptake was not significantly increased. 

Calcium. It can be seen by the results 
shown in Table IV that medium calcium is 
increased by infusion of calcium or injection 
of PTE and decreased by removal of the 
parathyroid gland. In the case of the thyro- 
parathyroidectomized animals the increase 
after PTE injection did not reach a signifi- 
cant level in this experiment. Thus, medium 
calcium appears to reflect the level of calcium 
bathing bone at time of death. 

Discussion. The changes in bone matrix 
metabolism noted after treatment with PTE: 
decreased incorporation of label from proline 
C14 into matrix hydroxyproline and increased 
incorporation of label from g l ~ c o s e - 2 - C ~ ~  into 
matrix hexosamine, are found in bone from 
normal, parath yroidec tomized, and t hyro- 
parathyroidectomized animals, and cannot be 
reproduced by calcium infusion. Thus, i t  
may be suggested that these changes are 
directly related to the osseous action of the 
extract. Since the extract is a crude prepara- 
tion, other fractions than the hypercalcemic 
principle may be responsible for the effects 
noted. Rasmussen et aZ( 10) have recently 
isolated fractions from the parathyroid gland 
which produce different metabolic effects, and 
one of these may be responsible for the 

changes. These questions can be answered 
only with the use of more purified prepara- 
tions. 

Parathyroidectomy does not produce an 
opposite metabolic effect to injection of PTE. 
Bone from parathyroidectomized and thyro- 
parathyroidectomized animals incorporated 
less label from proline C14 into hydroxypro- 
line, less label from glu~ose-2-C~~ into hexos- 
amine, utilized less glucose, and produced 
less lactate than corresponding controls. 
These changes may reflect a general decrease 
in the metabolic activity of this tissue. 

It may be reasoned that parathyroid hor- 
mone induces cellular differentiation to cells 
responsible for bone lysis. Histologic evi- 
dence( l l )  and experimental data utilizing 
bone in tissue culture(l2) support this view. 
In  response to the increased lysis of bone, 
a secondary stimulation to proliferation of 
bone would possibly be elicited, and indeed 
an increased synthesis of collagen is found 
following the initial decrease after injection 
of PTE( 1). When parathyroid hormone is 
removed, the rate of differentiation to lytic 
cells would decrease and as a secondary re- 
sponse the number of blastic cells would also 
decrease. Thus, the decreased rate of cellular 
activity shown by the data presented here 
would be expected. 

These data in no way negate the proposed 
existence of calcitonin or thyrocalcitonin, al- 
though no positive evidence for their effect 
on metabolic parameters measured here is 
found. These hormones have a very rapid 
effect, and any changes produced could easily 
be missed by the techniques utilized here. 

Others have shown that the metabolic 
activity of bone cells is in part responsible 
for the level at which calcium equilibration 
occurs in vitro ( 13,14), and that the higher 
level of equilibration attained by bones from 
animals treated with PTE may also be due 
to changes in cellular activity. The data pre- 
sented here do not refute this position. How- 
ever, it is shown that hypercalcemia can pro- 
duce similar results, and it would be difficult 
to determine which factor played the major 
role in the increase noted following treatment 
with PTE. The hormone-induced lysis of 
bone would probably produce a local hyper- 
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calcemia and the change in medium calcium 
could be explained on this basis. 

In  the experiments presented here, animals 
were treated acutely and the changes pro- 
duced in medium and bone were measured 
over a 6-hour incubation period. These con- 
ditions are not comparable to those obtained 
in tissue culture incubation. Thus, the results 
found by Mecca et al( 15), i.e., an increase in 
medium calcium after 2 days' incubation, 
cannot be compared. 

Conclusion. It may be concluded that the 
metabolic changes noted in in vitro incuba- 
tions of bone from animals treated with PTE 
probably reflect the osseous action of the 
hormone and are not secondary to changes 
in level of calcium ion or release of calcitonin 
or thyrocalcitonin. The specific activity of 
matrix hydroxyproline is decreased and the 
specific activity of matrix hexosamine is in- 
creased in incubation of bone shortly follow- 
ing injection of PTE. Lactate production is 
enhanced and glucose uptake may be in- 
creased by the hormone. The level of equili- 
bration of medium calcium may reflect the 
level of calcium bathing the bones at death 
of the animal. 
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In a previous communication(1) it was 
demonstrated that rabbits treated with D-L 
penicillamine (P,P-dimethyl cysteine) for 
28 days prior to a single intravenous injec- 
tion of 1131 labeled human serum albumin, 
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exhibited accelerated elimination of the anti- 
gen and a correspondingly earlier appearance 
of free circulating antibody when compared 
with control animals. The accelerated im- 
mune response was characterized by a short- 
ening of the induction period preceding anti- 
body synthesis. Prolonged pretreatment with 
the drug prior to immunization was found to 
be a prerequisite for eliciting the accelerating 
effect. The rate of antibody synthesis ap- 
peared to be equal in both treated as well as 
control animals, suggesting that the drug in- 


