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by preponderant reabsorption. The results 
of the present study are consistent with this 
interpretation. I t  is shown that in the Dal- 
matian, under conditions of net tubular se- 
cretion of uric acid, the UurateV/Furate ratios 
do not decline when the GFR and Furate are 
reduced up to SO%, and that similarly, in 
the mongrel dog, under conditions of net tu- 
bular reabsorption of uric acid, the UurateV/ 
Furate ratios are but little affected. Moreover, 
in the mongrel as in the Dalmatian, the re- 
lationshh of excreted to filtered uric acid 

Furate was unchanged or rose somewhat. A 
comparable response of UurateV/Furate wils 
obtained in mongrels under conditions of net 
reabsorption of urate, a result consistent with 
tubular secretion of urate masked by pre- 
ponderant tubular reabsorption. 

1. Selkurt, E. E., Hall, P. W., Spencer, M. P., A m .  

2.  Thompson, D. D., Pitts, R, F., ibid., 1952, 

3. Lauson, H. D., Thompson, D. D., ibid., 1958, 

J .  Physiol., 1949, v159, 369. 

v168, 490. 

over a k d e  range of filtered uric acid loads 
more crose€y resembles the response of potas- 

than of sodium. 
Summary. Reduction of mean renal ar- 

terial blood pressure of Dalmatian and mon- 
grel dogs by inflating a bal-loon-tipped cathe- 
ter inserted into the aorta just above the re- 
nal arteries resulted in a DroDortionate de- 

'lg2, lg8* 
4. Davidson, D. G., Levinsky, N. G., Berliner, 

R. W., J .  Clin. Invest., 1958, v37, 548. 

A m .  J .  Physiol., 1959, v197, 601. 

ibid., 1960, ~ 1 9 9 ,  9. 

A. B.,ibid., 1960, v199, 1199. 

sium, which is subject to secretion, 5 .  KessJer, R. H., Hierholzer, K., Gurd, R. S., 

6. Latham, W., Davis, B. B., Rodnan, G. P., 

7. Yii, T. F., Berger, L., Kupfer, S., Gutman, 

8. Poulsen, H., Praetorius, E., Acta Pharmacol. 
- 4  

Toxicol., 1954, v10, 371. 

Invest., 1959, v38, 1778. 

crease in GFR, less decrease in CpAH, a pre- 
cipitous fall in UNaV/FNa, no appreciable 
change in UKV/FK. In the Dalmatian, under 

9. Gutman, A. B., Yii, T. F., Berger, L., J .  Clin. 

conditions of net secretion of urate, UurateV/ Received July 15, 1963. P.S.E.B.M., 1964, ~11.5. 

Immunochemical Studies of Bovine Parathyroid Hormone.* (28831) 

GERALD A. WILLIAMS, GARY K. HARGIS, CLARENCE G. SIDWELL 
AND VINCENT J. YAKULIS (Introduced by Paul Heller) 

RZsebch Laboratory and Medical Service, Veterans Administration West  Side Hospital, and 
Department of Medicine, University of Zllinois College of Medicine, Chicago 

Parathyroid hormone (PTH) is apparent- 
ly rather weakly antigenic in that the few 
reported attempts to produce antibodies to 
i t  have been only partially successful( 1,2,3). 
However, Tashjian et aZ(3) have recently 
produced antibodies to bovine PTH, as 
judged by inhibition of biologic activity and 
by complement fixation analysis. The pres- 
ent report describes preliminary studies of a )  
the antigenicity of PTH and b) characteriza- 
tion of the PTH-antiPTH system by several 
immunochemical methods. Because of the 

*The authors are indebted to Mr. Lemuel Hall 
for technical assistance and the Medical Illustration 
Service for preparing the photographs. 

great difficulty in obtaining adequate human 
parathyroid tissue for hormone extraction, 
the studies thus far have been carried out 
with bovine PTH. 

Materials and methods. Parathyroid hor- 
mone preparation. Starting with fresh frozen 
bovine parathyroid glands (PTG), 4 differ- 
ent hormonal extracts were prepared: (a) an 
aqueous extract (A-PTE) prepared by ho- 
mogenizing fresh frozen PTG in an equal 
quantity of distilled water, centrifuging, and 
obtaining the supernatant, (b) an ether pre- 
cipitate (EP-PTE) (biologic activity 40 
U.S.P. units/mg) (4), and (c) a partially puri- 
fied trichloroacetic acid precipitate (FP- 
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PTE) (biologic activity 425-475 U.S.P. 
unitsJmg) prepared by the method of Aur- 
bach( 5 ) ,  and (d)  a highly purified extract 
(HP-PTE) prepared by further purification 
of the PP-PTE by gel filtration(1). Aqueous 
extracts of human PTG and of non-parathy- 
roid tissue were prepared as in (a) above. 

Antiserum preparation. Four male albino 
rabbits weighing 2.5-3.5 kg were immunized 
with PP-PTE dissolved in 0.005 M acetic 
acid and emulsified in complete Freund's ad- 
juvant. Two of the rabbits received initial 
doses of 0.25 mg PP-FTE by foot pad, then 
biweekly I.M. injections of 0.1 mg for 2 
months, and then 0.2 mg monthly for a total 
dose of 1.5 mg per rabbit in 6 months. The 
other 2 rabbits received large initial injec- 
tions of 25 mg PP-PTE by multiple foot pad 
and 1.M injections, followed in one month by 
10 mg, and then 2 to 5 mg monthly for a 
total dose of 51 mg per rabbit in 6 months. 
Starting one month after initial injection, the 
rabbits were bled weekly by ear artery and 
the sera were analyzed for precipitins to 
PTE. Those sera revealing precipitins were 
stored frozen without preservative. The anti- 
serum used in the subsequent immunochemi- 
cal studies was from a pool composed of se- 
rum obtained a t  different times from one 
rabbit. Non-parathyroid antibodies were ab- 
sorbed from the antiserum by (a)  adding 
volume of a 1 : l  mixture of beef serum and 
an aqueous extract of beef thyroid tissue in 
serial aliquots, incubating at  3 7 ° C  for 2 
hours, centrifuging, and retaining the super- 
natant, or (b)  pretreatment of the agar slides 
by filling the antiserum wells with the beef 
serum and thyroid extract mixture and al- 
lowing diffusion to occur before adding the 
reactants (6).  

Inamunochemical methods utilized. A) Mi- 
croimmunodiff usion ( 7 ) .  B) Quantitative mi- 
croimmunodiffusion. A trough filled with ab- 
sorbed antiserum and a parallel row of circu- 
lar wells filled with serial dilutions of PP- 
PTE were arranged longitudinally on the 
agar-covered glass slide and allowed to re- 
act. The highest antigen dilution developing 
a visible precipitin line was considered to be 
the titer of the antiserum. C )  Microimmuno- 
diffusion inhibition. After determining the I ~ _~_._ _.~ _ _ _ _  v 

antiserum titer as above, the procedure was 
repeated, but with pre-treatment of the slide 
by filling the antiserum trough with a known 
antigen or unknown substance and allowing 
diffusion to occur. The antiserum and anti- 
gen were then added as in (B)  above and the 
degree of inhibition of the initial reaction 
observed. D)  Microimmunodiffusion (7 )  with 
antigen enrichment (8) .  A trough filled with 
antiserum, a similar trough filled with a 
known PP-PTE, and a row of wells between 
(but nearer the antigen trough) were ar- 
ranged longitudinally on the slide. The wells 
were filled with various PTE or unknown 
preparations to determine the degree of simi- 
larity with the known antigen and also the 
degree of enhancement of the precipitin line 
by the preparations added to the wells. E) 
Immunoelectrophoresis (9) with modifications 
of the electrophoretic procedure ( 10). F )  
Hemagglu tina tion and hemagglu tina tion inhi- 
bition, using a modification of the technic of 
Boyden ( 1 1 ) . G) Inhibition of biologic ac- 
tivity. Equal amounts of PP-PTE were added 
to normal rabbit serum (NRS) and to rabbit 
anti-PTH serum (RAPS) to a concentration 
of 20 U PTEJml serum. These sera were 
incubated a t  4OC overnight, centrifuged and 
the supernatant sera bioassayed by the tech- 
nic of Munson(4). 

Results. By the microimmunodiff usion tech- 
nic, precipitins to PP-PTE were observed in 
serum from each rabbit within 90 to 120 days 
after initiating immunization. The intensity 
of the precipitin line varied among the rab- 
bits but was not related to the dosage sched- 
ule used. The unabsorbed antisera revealed 
multiple precipitin lines (Fig. l a ) ,  the non- 
specific reactions being due to components of 
beef serum and thyroid gland. After absorp- 
tion of the antiserum with beef serum and 
beef thyroid gland extract, the PP-PTE- 
antiserum reaction revealed a single precipi- 
tin line (Fig. l b )  . Absorbed antiserum was 
therefore used for all following studies. 

When tested by the quantitative immuno- 
diffusion technic, a precipitin line was de- 
tectable a t  a PP-PTE dilution containing 1.5 
pug protein( 12) and a t  a HP-PTE dilution 
containing 0.015 p g  protein. By immunodif- 
fusion with antieen enrichment. several differ- 
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FIG. l a  (left). Immunodiffusion pattern with unabsorbed anti-PTH serum (AS), showing 
reaction With PTE, beef serum (BS), and beef thyroid extract (BT) . Fig. l b  (right). Immuno- 
diffusion pattern after absorption of antiserum, showing single precipitin line with P T E  and 
no reaction with beef serum or thyroid extract. (The halos surrounding the P T E  well represent 
precipitation of nonspecific PP-PTE proteins in barbital buffered agar gel.) 

ent preparations of PP-PTE and EP-PTE 
(and also a highly purified preparation ob- 
tained from Dr. Harold Rasmussen), all re- 
vealed a reaction of identity with enhance- 
ment of the precipitin line. These same prepa- 
rations which caused enhancement also 
caused inhibition of precipitin line formation 
by the immunodiff usion inhibition technic, 

FIG. 2. Immunoelectrophoretic pattern of re- 
action between P T E  and absorbed antiserum, 
showing single arc in cathodic area (Barbital 
Buffer, pH 8.8) .  

the degree of inhibition correlating with the 
expected hormonal potency of the prepara- 
tions. An A-PTE preparation also revealed 
inhibition. Aqueous extracts of human para- 
thyroid adenomas removed surgically and 

human parathyroid glands removed within 3 
hours after death revealed no immunologic 
activity by any of the above methods. 

Immunoelectrophoretic studies revealed 
that PTH migrated with a cathodic mobility 
and formed a single arc (Fig. 2). 

Preliminary hemagglutination studies re- 
vealed an antiserum titer of 1: 128 after ab- 
sorption of the antiserum. Hemagglutination 
inhibition was caused by the same prepara- 
tions, and in the same semi-quantitative re- 
lationship as in the immunodiff usion inhibi- 
tion studies. 

In 2 separate experiments using a different 
PP-PTE preparation each time, rabbit anti- 
PTH serum (RAPS) completely inhibited the 
biological activity of PP-PTE (Table I). 

Discussion. The present studies indicate 
that PTH is antigenic, the induced antibody 
titer being more dependent upon duration of 
immunization than upon magnitude of anti- 
gen dose. It was expected that the antiserum 

TABLE I. Comparative Effect of Normal Rabbit Serum (NRS) and Rabbit Anti-PTH Serum 
(RAPS) on Biologic Activity of P T E  in Rats. 

Exp I Exp I1 
Serum calcium, Serum calcium, 

Treatment No. rats mg/100 ml No. rats mg/100 ml 

NRS 5 6.68 & .08* 5 7.04 2 .36* 
NRS + PTE 5 7.66 & .25 6 8.98 2 .19 
RAPS + PTE 6 6.46 & .09 ('<*01) 6 7.35 2 .12 (p<-ool) 

* Mean 2 S.E. 
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would be heterogeneous, because the antigen 
was only partially purified PTE. Absorption 
of the antiserum with beef serum and thyroid 
extract apparently removed non-specific anti- 
bodies, as the absorbed antiserum revealed 
a single immunodiffusion precipitin line and 
a single immunoelectrophoretic arc when re- 
acted with the antigen. PTE preparations, 
varying from very crude to highly purified, 
all a )  enhanced the precipitin reaction of 
a known PP-PTE and b) inhibited the sub- 
sequent anti-PTE potency of the antiserum 
when mixed with it, indicating a common 
antigen in these preparations. I t  is concluded 
that this antigen is PTH and not an artifact 
introduced during processing of the PTG, nor 
one which failed to be removed during final 
purification. The antiserum exerted a specific 
anti-hormone effect on the biologic calcium 
mobilizing activity of bovine parathyroid hor- 
mone in rats. The increase in antigenic 
potency with progressive purification of the 
PTE preparations further indicates that the 
PTH-antiPTH serum reaction is immunologi- 
cally specific for parathyroid hormone. 

The inability to demonstrate immunologic 
activity in aqueous extracts of human para- 
thyroid tissue may be due to insufficient 
human tissue available for extraction or to 
immunologic species specificity of the hor- 
mone. The fact that aqueous extracts of an 
equal weight of bovine parathyroid tissue did 
reveal immunologic activity by immunodiff u- 
sion inhibition suggests species specificity as 
the more likely explanation. 

Summary. An antiserum to bovine para- 
thyroid hormone has been produced in eace 
of 4 rabbits studied, indicating that this hor- 
mone is antigenic. The absorbed antiserum 
induced a single precipitin line by immuno- 
diffusion and immunoelectgophoresis with 
PTH of variable states of purity, and ext 
erted a specific anti-PTH effect on biologic 
activity. There are apparent antigenic dif; 
ferences between beef and human parathyroid 
hormone. 
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Previous studies in guinea pigs revealed thiourea-S35 as measured by the formation 
that thyrotropin (TSH) was capable of ac- of sulfate-S35, this being the major metabo- 
celerating the intrathyroid metabolism of lite of oxidative desulfuration of the labeled 

Service, Nat. Inst. of Arthritis and Metab. Dis. same experiment, administration of potas- 
* Supported by grant from U. S. Public Health antithyroid compound(l). However, in the 


