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HUMAN PARATHYROID HORMONE: ANTIBODY CHARACTERIZATION

R. Hehrmann, J.-P. Nordmeyer, H. Mohr and R.-D. Hesch
Division of Clinical Endocrinology, Department of Medicine
Medizinische Hochschule Hannover

ABSTRACT

PTH antibodies were raised in two sheep (S 469 and S 478)
by immunizing with porcine and bovine parathyroid extracts.
Both antisera were characterized with various PTH preparations
and fragments. Both antisera cross react with human, bovine
and porcine PTH, one antiserum also binds rat PTH. Region
specificity could be attributed to the mid region of the PTH
molecule with particularly high affinities of both antisera for
the fragment 44-68 hPTH. S 478 has smilarlylgigh affinity for
intact hormone (affinity constants 0.6 x 10 1/mol), while S
469 has much higher affinity for the U44-68 fragment (affinity
constant 0.84 x 1013 1/mol) than for intact hormone. The
antibodies are useful not only for clinical radioimmunoassay,
but also for experimental work. They have been distributed to
many laboratories.

INTRODUCTION
The radioimmunochemical measurement of human parathyroid
hormone (hPTH) in plasma is complicated by the heterogeneity of
circulating PTH peptides. Intact 1-84 hPTH (27) is secreted by
the parathyroid glands and also, under certain conditions, PTH

fragments (16). Pro-PTH and Pre-Pro-PTH (20) do not seem to
151
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enter the circulation to any significant extent. Glandular and
secreted molecular species of PTH are therefore quite different
(2). Circulating intact PTH and PTH fragments are cleaved,
degraded and partially cleaved in peripheral organs (18,19,35).
Kidney (25,29,30) and 1liver (9,28) are the most important
organs giving rise to a large variety of PTH fragments, which
finally account for the heterogeneity of circulating PTH in
plasma (3,4,7,41). Figure 1 gives a schematical survey of the

possible types of PTH fragments.

This heterogeneity exists with respect to molecular form
and size, to biological activity, to immunochemical reactivity
and to the half life of different fragments in the plasma. For
biological activity the amino (N-)terminal sequence I1-34 seems

to be required as a minimum, so that intact 1-84 PTH, 1-34 PTH

_— intact PTH

J-2 small N-terminal fragments

J-34 N-terminal 1 - 34 fragment

,_1_‘___?_ large N-terminal fragments

5384 C-terminal 53 - 84 fragment

_l_-;EL C-terminal fragments
1 C-regional fragments

Z.__.Z N-regional fragments

'.9._____. Pro-PTH
-31 Pre-Pro-PTH

Figure 1:

Schematic and theoretical survey of PTH peptides, precursors
and fragments, which play a role during synthesis, secretion
and metabolism of the hormone.
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and larger N-terminal fragments are biologically active (43).
Carboxy (C-) terminal fragments are biologically inert (38);
most 1likely this is also true for N- and C-regional fragments,
since the positions 1 and 2 of the PTH molecule seems to be

essential for biological activity (43).

The variety of plasma half 1lives of different PTH
fragments will strongly influence measurements of circulating
PTH immunoreactivity, since PTH peptides with short half lives
in the range of several minutes, intact PTH and N-terminal
fragments, (19,16) will account for only a small fraction of
total circulating PTH immunoreactivity (38, whereas
carboxyl-terminal (7,41) and carboxyl-regional (24) fragments
with longer half lives in the range of 20 minutes to hours are
circulating at much higher concentrations, 2-10 fold as
compared to N-terminal fragments (16). Half lives of PTH

peptides are prolonged in renal failure (23,24).

On the basis of these considerations it becomes evident
that the measurement of PTH immunoreactivity in the plasma of
patients can 1lead to interpretations with clinical relevance
only if those PTH measurements are carried out with PTH
antibodies that have been characterized with regard to their
region specificity and region specific affinity (31). With the

availability of synthetic 1-34 N-terminal and 53-84 C-terminal
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PTH, most antisera could be defined as cross reacting with
N-terminal fragments (15): "Brewer-Sequence" (6,45) or

"Niall-Sequence" (33) or with C-terminal fragments (38).

Since most antisera have been raised by injection of crude
parathyroid extracts or of the "TCA supernate™ generated during
these extractions, containing many fragments predominantly from
the carboxyl terminus (11,12,42), these antisera do not
necessarily cross react with N- or C~terminal parts of the PTH
molecule. Recently specifice PTH fragments have been
synthesized, so that characterization of antisera can be
carried out with synthetic fragments representing parts of the

whole molecule.

We have produced two antisera (S U469 and S 478) in sheep
(21,22) that were at first thought to be C-terminal antibodies,
since they showed 1little cross reaction with N-terminal and
N-regional fragments. Clinical application of assay results
from such antibodies requires much more information about
region specificity. The results presented here describe a more
complete characterization of these two antisera as a basis for

clinical application.

MATERIALS AND METHODS

Antibodies: The antisera S 469 and S 478 were raised in sheep

by immunization with porcine and bovine parathyroid extracts.
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The porcine immunogen was an approximately 2% pure parathyroid
extract from 30,000 porcine glands which had been collected at
the abattoir in Hamburg (23). The extraction was performed in
C.D. Arnaud’s laboratory in Rochester in 1975. The bovine
material was partially purified bPTH (Calbiochem, San Diego,
Lot No. 400 150, biopotency 457 U/mg.) The details of the

immunization scheme have been described previously (21,23).

Several bleedings of both sheep at approximately two week
intervals were available and coded S 469 VI-XIV and S 478
VI-XIV. The characterization reported here refers to both S 469
VI and S 478 VI; there were no major differences between
different bleedings of each sheep except for the titer (see

below) .

The assay procedure is a modification of the technique of

Arnaud et al 1971 (1) with dextran coated charcoal to separate
bound and free hormone and with 1251 bPTH as tracer. 10 ug of
bPTH (Wilson Lot No. 156 552, purchased in [974) were labelled
with 0.5 mCi 125I by a chloramine T technique. Purification of
the tracer was a two step procedure with adsorption
chromatography on Whatman CF | cellulose followed by gel
filtration on Biogel P10, (21,23). This tracer gives a
nonspecific binding between 2 and 6% and 1is stable for more
than 10 weeks if kept frozen at working dilution. The total

incubation volume of 350 ul included 50 ul of PTH free plasma
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(charcoal extracted), 200 pl of diluted antiserum and 100 pl of
tracer. Incubation was 24 hours without tracer plus 48 hours

after addition of tracer.

PTH preparations and peptides for characterization:

Bovine PTH (bPTH):

1. WHO 1st International Reference Preparation for parathyroid
hormone, bovine for immunoassay (Ampoule Code 71/324) obtained
from the National Institute of Biological Standards and Control
(NIBSC) London.

2. 1-34 bPTH synthetic fragment obtained from Beckman, Palo Alto.

3. 28-48 DPTH synthetic fragment prepared by Drs. M. Rosenblatt
and H. Keutman, Boston, and made available to us by Dr. Joan M.
Zanelli, NIBSC, London.

k. 53-84 bPTH cleavage product, prepared and donated by Dr. H.

Keutman, Boston.

Porcine PTH (pPTH):

5. Porcine parathyroid extract, approximately 2% pure, prepared by

Prof. C.D. Arnaud, (Rochester/San Francisco).

Human PTH (hPTH):

6. NIBSC Reference Preparation (Ampoule Code 75/549) obtained from

NIBSC, London.
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7.

8-11.

Tissue culture human PTH ("P2") prepared and donated by Drs. G.
Dorn and R. Montz, Hamburg (13,14).

Synthetic fragments 1-34, 13-34, 18-34 and 23-34

hPTH (Brewer sequence (6)), donated by Dr. Rittel, Ciba-Geigy,
Basel.

44-68 hPTH synthetic fragment prepared and donated by Drs.

M. Rosenblatt and H. Keutman, Boston.

53-84 hPTH synthetic fragment prepared by Dr. Joan M. Zanelli,
NIBSC, London.

Plasma from patients with primary hyperparathyroidism.

Plasma from patients with secondary (renal) hyperparathyroidism.

PTH:

Plasma from uraemic rats.
Rat PTH from tissue cultures of rat parathyroids (prepared

and donated by Drs. Dorn and Dietel, Hamburg).

Affinity estimation:

the

Since the sensitivity of radioligand assays is limited by

affinity of the antiserum used, it is desirable to provide

quantitative data on affinity. This may be derived from a

Scatchard plot (17,39,47). B/F is plotted against the absolute

amount of hormone bound (B) (see Fig. 4 and 8). If there is a

linear relation between B/F and (B), the slope defines the

affinity constant.
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RESULTS

Titers and working dilutions of the antisera:

Titer may be defined as that dilution of antiserum which
specifically binds 50% of tracer in the absence of unlabelled
antigen. A working dilution of the PTH antisera is chosen to
give approximately 30% of specific tracer binding. This
working dilution is 1:35,000 for S 469 VI and 1:5,000 for S 478
VI. Surprisingly, titers of sequential bleeds increased from
January, 1976 without further booster injections until the
bleeding IX in April, 1976 and then slowly decreased. Bleeding
XIV in August, 1976 still gave titers of 1:12,000 for S 469 and

of 1:3,000 for S 478.

Species cross reactivity:

As demonstrated in Fig. 2 for S 469, both antisera cross react
with bovine, porcine and human PTH. S 478 additionally binds
rat PTH. The affinity for pPTH is sufficiently high to measure
PTH concentrations in normal and rachitic pigs (44). No
international reference preparations are available to calculate

affinity constants for rat and porcine PTH.

Affinity for intact PTH:

Figures 3a and b show standard curves for intact bovine
(71/324) and human (75/549) PTH and for a serum dilution in

chronic renal failure with a high proportion of PTH fragments.
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Figure 2:
Standard curves of antiserum S 469 with human PTH (serum dilution of
primary hyperparathyroidism), bovine PTH (WHO first international

reference preparation 71/324) porcine PTH (glandular extract) as well
as for bovine and human 1-34 PTH.

For S U469 standard curves of bovine and human intact hormone
are reasonably parallel; Scatchard plot analysis, however,
reveals no linearity between B/F and (B), so that affinity
constants cannot be calculated from these data. For S 478
standard curves for bovine and human intact PTH are not

parallel. With both antigens, Scatchard plots show linearity
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Figure 3 (a and b):

Standard curves of antisera S U469 (a) and S U478 (b) with bPTH (WHO
first international reference preparation 71/324) and hPTH (NIBSC
reference preparation 75/549) compared to a dilution curve of a
patients serum with renal insufficiency and secondary hyperpara-
thyroidism containing large amounts of PTH fragments.
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Figure 4 (a and b):
Scatchard plots of S 478 for intact bPTH (a) and hPTH (b) standards.

Affinity constants were calculated assuming, that 71/324 was 100% and
75/549 was approximately 10% pure.

between B/F and (B) (Fig. l4ea and b) and affinity constants can
be calculated to be 0.6 x 1013 1/mol for bPTH (71/324) and 0.2
x 1013 1/mol for hPTH (75/549), provided that 75/549 is
approximately 10% pure (46). By comparison of standard curves
of both antisera with intact hormone preparations, the affinity
of S 469 for 1-84 hPTH can be estimated to be lower by a factor

of approximately 2.

Another PTH preparation which consists predominately of intact
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1-84 hPTH is the Peak 2 ("P2") material from Hamburg (13, 14),
extracted and purified from tissue culture media, in which
human parathyroid adenoma have been maintained. The material
is biologically active in stimulating adenylate cyclase of'rat,
bovine and human cortical tubular membranes. (Mohr et al
unpublished data, (14)). It is also active in the cytochemical
PTH biocassay (8). Standard curves with this material show a two
times higher affinity of S U478 for intact hPTH as compared to S

469 (see Fig. 6 and T).

Affinity for N-terminal and N-regional PTH peptides:

Under routine assay conditions with 1251 bPTH as tracer both
antisera do not bind 1-34 bPTH, or 1-34 hPTH (Brewer Sequence
(6)) (see Fig. 2), and there is no cross reaction with the
synthetic N-regional fragments 13-34, 18-34 and 23-34 hPTH up

to concentrations of 2 pg/ml.

However, Dr. J.M. Zanelli in the 1laboratories of the NIBSC,
London, provided data (Fig. 5) that S 478 is a high affinity
antibody for 1-34 hPTH (Neall Sequence (33)) if 1251 1-34 hPTH
is used as a tracer. The affinity is similar to an antiserum
of Dr. Deslan, Paris (10) produced with 1-34 hPTH as the
immunogen. Less than 100 pg/ml or 5 pg/tube of 1-34 hPTH can be

detected in this assay system (Fig. 5).
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Figure 5:
Standard curves of S 469 and S 478 in a homologous 1-34 hPTH assay.

At a dilution of 1:1500, S 478 contains anti-N-terminal populations,
which have similar affinity as Dr. Desplans (Paris) anti-N-antiserum.

Affinity for C-terminal PTH peptides:

Both antisera reveal very poor cross reactivity with bovine and
human 53-84 PTH. Only at very high concentrations (>100 ng/ml)
displacement of 1251 bPTH tracer can be detected (see Fig. 6

and 7).

Affinity for mid regional PTH peptides:

As shown in Fig. 6 and 7, very poor cross reactivity of both
antisera was found with the bovine synthetic fragment 28-48.

However, for the synthetic human fragment U4lU-68 extremely
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Figure 6:

Standard curves of S U469 with bPTH 28-48 and hPTH 53-84 and 44-68
and with the human tissue culture PTH preparation "P2" (Hamburg).
There is only little cross reaction with 53-84 PTH, but very high
affinity for the mid-region fragment 4U4-68 (less than 100 pg/ml
or 5 pg/tube can be measured).

sensitive standard curves could be obtained. Both antisera
detect much 1less than 100 pg/ml or 5 pg/tube, the standard
curve of S U69 (Fig. 6) being even more sensitive than for S
478 (see Fig. 7). Affinity constants calculated from Scatchard
plots (Fig. 8) were 0.84 x 10l3 1/mol (for S 469) and 0.62 x

1013 1/mol (for S 478).

The affinity of S U469 for this particular mid-C-regional
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Figure 7:

Standard curves of S 478 with the same PTH fragments as in Fig. 6
Similar to the antiserum S 469 there is little cross reaction with
53-84 and 28-U48 PTH and again high affinity for the mid-region
fragment U44-68.

peptide U44-68 is much higher than its affinity for intact
hormone, while for S 478 the high affinity for intact 1-84 hPTH

and bPTH is identical with the affinity for this fragment.

DISCUSSION

Several radioimmunoassay systems for hPTH have proved to
be of considerable clinical and diagnostic value. For routine

PTH determinations in peripheral plasma or serum of patients
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Figure 8:
Scatchard plots for both antisera S 469 and S 478 with the human PTH

fragment 4U4-68; the calculated affinity constants are indicated and
show the high affinity of both antisera for this mid-region fragment.

with disorders of calcium metabolism and metabolic bone
disease, the results obtained and their clinical relevance
depend largely on the region of the peptide against which the
antibody is directed. When 1-34 synthetic PTH peptides and the
tryptic fragment 53-84 (32) became available, it was possible
to characterize antisera with regard to their cross reactivity
with these N-terminal and C-terminal fragments. On this basis
PTH assays have been defined to be N-terminal or C-terminal
specific. At that stage we believed that our antisera S 469

and S U478 were C-terminal antibodies, since they did not detect
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N-terminal and N-regional peptides (21). In the meantime
extensive analytical and synthetic work in PTH biochemistry
yielded fragments along the whole 1-84 PTH molecule
(26,27,32,36,37). As a result we were able to characterize our
antibodies more extensively. The materials included the mid
region fragments 28-48 bLPTH and UU-68 hPTH. Under routine
conditions both antisera S 469 and S U478 proved to be neither
N-terminal nor C-terminal, although S U478 contains high

125

affinity anti-N-populations, if I 1-34 hPTH is wused as

tracer.

Both antisera have very high affinities for the mid-C-region
fragment M44-68 nPTH. For S 478 the high affinity for intact
bPTH and hPTH can be explained by this mid region specificity,
since affinity constants are similar for fragment and intact

hormone.

In the case of S 469 the affinity for the fragment 44-68 is

much higher than for the intact hormone.

It has not yet been possible to test cross reactivity with the
fragment 1-64, that was used for characterization by Blum et al
1979 (5). A very pure preparation of intact hPTH 1-84
(supplied by C.D. Arnaud) will be included in the next

interlaboratory comparison organized by WHO/NIBSC 1979/80.
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The synthetic fragments available may not be identical with
those cleavage products present in the circulation and thus may
not have the same conformation and antibody interaction.
However, even antiserum S 469 with comparably lower affinity
for intact hormone does detect PTH in more than 95% of normal
sera and 1is able to discriminate conditions associated with
chronic hypersecretion of the hormone. This may indicate that
it 1is not intact hormone, but a variety of PTH fragments with
long half 1lives that 1is being measured in normal persons.
Among more than 60 patients with proven primary
hyperparathyroidism only three had borderline PTH
concentrations with S U469, while measurements with S 478 showed
clearly elevated levels in all patients. Possibly these three
patients secrete a major proportion of intact hormone, which is
adequately measured by S 478 but only with lower affinity by S
469. With regard to the half life of the mid region fragments,
which both antisera detect with high affinity, we could
demonstrate that with intact kidney function half life was
between 20 and 50 minutes; in chronic renal failure the
disappearance of these peptides was prolonged 5-10 fold (24).
Similar half lives have been described for C-terminal

fragments.

The clinical usefulness of such "anti-C-assays" are attributed

to the relatively 1long persistence and the resulting higher
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concentrations of carboxyl terminal fragments in peripheral

plasma of patients (3,16,40).

For the PTH radioimmunocassays with the antisera S 469 and S 478
as characterized here, clinical usefulness and adequate quality
control criteria have been demonstrated (23). Since the
antibodies had acceptable titers and were raised in sheep, they
are available in sufficient quantities for distribution.
Consequently more than 30 groups in Europe, USA and Canada have
been supplied with these materials. By their cross reactivity
with human, bovine, porcine and rat PTH, the antisera are not

only useful for clinical, but also for experimental work.

ACKNOWLEDGEMENTS

We thank all colleagues and institutions, who supported
this work by supplying valuable materials; all of them have

been mentioned in the paper.

We are particularly grateful for Dr. Joan M. Zanelli’s support

and active contribution.

The expert technical assistance of Miss A. Prahst and Miss B.

Menzel is acknowledged.

Supported by grant He 593/9 of the Deutsche

Forschungsgemein-schaft.



12: 44 16 January 2011

Downl oaded At:

170 HEHRMANN ET AL.

Reprint Requests

Priv.-Doz. Dr. Rainer Hehrmann
Medizinische Klinik C der Universitat
Dusseldorf

Moorenstr. 5

4000 Dusseldorf 1

REFERENCES

1. Arnaud CD, Tsao HS and Littledike T. Radioimmunoassay of Human
Parathyroid Hormone in Serum. J Clin Invest 1971; 50:21-34.

2. Arnaud CD, Sizemore GW, Oldham SB, Fischer JA, Tsao HS and
Littledike ET. Human Parathyroid Hormone: Glandular and Secreted
Molecular Species. Amer J Med 1971; 50:630-8.

3. Arnaud CD. Parathyroid Hormone: Coming of Age in Clinical
Medicine. Amer J Med 1973; 55:577-81.

4. Arnaud CD, Goldsmith RS, Bordier PhJ and Sizemore GW. Influence
of Immunoheterogeneity of Circulating Parathyroid Hormone on
Results of Radioimmunoassay of Serum in Man. Amer J Med 1974;
56:785-93.

5. Berson SA and Yalow RS. Immunochemical Heterogeneity of
Parathyroid Hormone in Plasma. J Clin Endocr Metab 1968; 28:
1037-47.

6. Brewer HB Jr, Fairwell T, Ronan R, Sizemore GW and Arnaud CD.
Human Parathyroid Hormone: Amino-Acid Sequence of the Amino-
Terminal Residues 1 - 34. Proc Nat Acad Sci 1972; 69:3585-90.

7. Canterbury JM and Reiss E. Multiple Immunoreactive Forms of
Parathyroid Hormone in Human Serum. Proc Soc Exp Biol Med 1972;
140:1393-98.

8. Chambers DJ, Dunham J, Zanelli JM, Parsons JA, Bitensky L and
Chayen J. A Sensitive Bioassay of Parathyroid Hormone in Plasma.
Clin Endoecr 1978; 9:375-79.

9. D’Amour P, Segre GV, Roth SI and Potts Jr JT. Analysis of
Parathyroid Hormone and its Fragments in Rat Tissues. Chemical
Identification and Microscopical Localization. J Clin Invest 1979;
63:89-98.



12: 44 16 January 2011

Downl oaded At:

HUMAN PARATHYROID HORMONE 171

10.

17.

18.

19.

Desplan C, Jullienne A, Moukhtar MS, Raulais D, Rivaille P and
Milhaud G. The Isolation of Circulating Immunoreactive Human
Parathyroid Hormone; Comparison with a 1 - 34 N-terminal synthetic
fragment. Proc Soc Exp Biol Med 1978; 157:141-4.

DiBella FP, Gilkinson JB, Flueck J and Arnaud CD. Carboxyl-
terminal Fragments of Human Parathyroid Hormone in Parathyroid
Tumors: Unique Source of Immunogens for the Production of
Antisera Potentially Useful in the Radioimmunoassay of
Parathyroid Hormone in Human Serum. J Clin Endocr Metab 1978;
L46:604~12.

DiBella FP, Kehrwald JM, Laakso K and Zitzner L. Parathyrin
Radioimmunoassay: Diagnostic Utiligy of Antisera Produced
Against Carboxyl-Terminal Fragments of the Hormone from the
Human. Clin Chem 1978;24:451-4.

Dorn G and Montz R. The Preparation of Human PTH Standard from
75Se Labelled Medium of Tissue Culture. Acta Endocrinol (Kbh.)
Suppl. 1977; 208:Abstract 95.

Dorn G, Montz R, Mohr H and Dietel M. Further Characterization of
the hPTH Material "P2 Hamburg". Acta Endocrinol (Kbh.) Suppl.
1979; 225:Abstract 403.

Fischer JA, Binswanger U and Dietrich FM. Human Parathyroid
Hormone. Immunological Characterization of Antibodies Against a
Glandular Extract and the Synthetic Amino-Terminal Fragments 1-12
and 1-34 and Their Use in the Determination of Immunoreactive
Hormone in Human Sera. J Clin Invest 1974; 54:1382-94.

Flueck JS, DiBella FP, Edis AJ, Kehrwald JM and Arnaud CD.
Immunoheterogeneity of Parathyroid Hormone in Venous Effluent
Serum from Hyperfunctioning Parathyroid Glands. J Clin Invest
1977; 60:1367-75.

Fyhrquist F and Wallenius M. Improvement of Antisera Against
Polypeptide Hormones. Nature 1975; 254:82-3.

Habener JF, Powell D, Murray TM, Mayer SP and Potts, Jr JT.
Parathyroid Hormone: Secretion and Metabolism in Vivo. Proc Nat
Acad Sci 1971; 68:2986-91.

Habener JF, Mayer GP, Dee PC and Potts, Jr. JT. Metabolism of
Amino-Acid Carboxyl-Sequence Immunoreactive Parathyroid Hormone
in the Bovine: Evidence for Peripheral Cleavage of the Hormone.
Metabolism (Clin Exp) 1976; 25:385-95.



12: 44 16 January 2011

Downl oaded At:

172

20.

21.

22.

23.

24,

25.

26.

27.

28.

HEHRMANN ET AL.

Habener JF, Rosenblatt M, Kemper B, Kronenberg HM, Rich A, and
Potts, Jr JT. Pre-Pro Parathyroid Hormone: Amino Acid Sequence,
Chemical Synthesis, and Some Biological Studies of the Precursor
Region. Proc Nat Acad Sei 1978; 75:2616-20.

Hehrmann R, Wilke R, Nordmeyer JP and Hesch R-D. Hochsensitiver,
C-Terminal-Spezifischer Radioimmunoassay fur Menschliches PTH als
Routinemethode. Dtsch Med Wschr 19765 101:1726-9.

Hehrmann R, Nordmeyer JP, Wilke R and Hesch R-D. Radioimmunoassay
of hPTH: Characterization of Two New Antisera from Sheep and
Clinical Results. Acta Endocrinol (Kbh) Suppl 1977; 208:117-8.

Hehrmann R. Plasma-Parathormon: Entwicklung Einer Radioimmun-
chemischen Bestimmungsmethode und Klinisch-Pathophysiologische

Untersuchungen. Habilitationsschrift Hannover 1979, Urban and

Schwarzenberg Manuskripte (in press).

Hehrmann R, Tidow G and Hesch R-D. Indikationen und Ergebnisse
Chirurgischer Behandlung (Parathyreoidektomie mit Autotransplan-
tation und Nierentransplantation) bei Renaler Osteopathie. In:
Renale Osteopathie: Diagnostik, Praventive und Kurative Therapie.
Eds. Hesch RD, Hehrmann R. G. Thieme Verlag Stuttgart, 1979:
103-12.

Hruska KA, Kopelman R, Rutherford WE, Klahr S and Slatopolsky E.
Metabolism of Immunoreactive Parathyroid Hormone in the Dog: The
Role of the Kidney and the Effects of Chronic Renal Disease. J
Clin Invest 1975; 56:39-48.

Keutmann HT, Niall HD, Jacobs JW, Bartling RM, Hendy GN,

0‘Riordan JLH and Potts, Jr. JT. A Reinvestigation of the Amino-
Terminal Sequence of Human Parathyroid Hormone and Analysis of the
Sequence of Residues 44-69. In: Talmage RV, Owen M and Parsons J,
eds. Calcium Regulating Hormones; Proceedings of the Fifth
Parathyroid Conference, Amsterdam, Excerpta Medica, 1975:9-14.

Keutmann HT, Sauer MM, Hendy GN, O’Riordan JLH and Potts Jr. JT.
Complete Amino Acid Sequence of Human Parathyroid Hormone. Biochem
1978; 17:5723-9.

Martin K, Hruska KA, Greenwalt A, Klahr S and Slatopolsky E.
Selective Uptake of Intact Parathyroid Hormone by the Liver.
Differences Between Hepatic and Renal Uptake. J Clin Invest 1976;
58:781-8.



12: 44 16 January 2011

Downl oaded At:

HUMAN PARATHYROID HORMONE 173

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Martin K, Hruska K, Lewis J, Anderson Ch and Slatopolsky E. The
Renal Handling of Parathyroid Hormone: Role of Peritubular Uptake
and Glomerular Filtration. J Clin Invest 1977; 60:808-14.

Martin TJ, Melick RA and De Luise M. Metabolism of Parathyroid
Hormone. Degradation of 125J-labelled Hormone by a Kidney Enzyme.
Biochem J 1969; 111:509-16.

Murray TM and Keutmann HT. The Immunochemical Specificity to
Bovine Parathyroid Hormone: An Approach to Region-Specific
Radioimmunoassay. J Endoer 1973; 56:493-501.

Niall HD, Keutmann H, Sauer R, Hogan M, Dawson B, Aurbach G and
Potts Jr. JT. The Amino Acid Sequence of Bovine Parathyroid

Hormone I. Z Physiol Chem (Hoppe-Seyler‘s) 1970; 351:1586-91.

Niall HD, Sauer RT, Jacobs JW, Keutmann HT, Segre GV, O’Riordan
JLH, Aurbach GD and Potts Jr. JT. The Amino Acid Sequence of the
Amino-Terminal 37 Residues of Human Parathyroid Hormone. Proc Nat
Acad Sci USA 1974; 71:384-88.

Nordmeyer JP, Hehrmann R and Tidow G. Primary Hyperparathyroidism:
Increasing Experience with Clinically Extraordinary Cases. Acta
Endocrinol (Kbh) Suppl 1978; 215:abstract 105.

Oldham SB, Finck EJ and Sieger FR. Parathyroid Hormone Clearance
in Man. Metabolism 1978; 27:993-1001.

Potts Jr. JT, Tregear GW, and Keutmann HT et al. Synthesis of a
Biologically Active N-Terminal Tetratriacontapeptide of Parathyroid
Hormone. Proc Nat Acad Sci USA 1971; 68:63-70.

Rosenblatt M, Segre GV and Potts Jr. JT. Synthesis of a Fragment
of Parathyroid Hormone, bPTH (28-48): An Inhibitor of Hormone
Cleavage in Vivo. Biochemistry 1977; 16:2811-16.

Rosenblatt M, Segre GV, Tregear GV, Shepard GL, Tyler GA and Potts
Jr. JT. Human Parathyroid Hormone: Synthesis and Chemical,
Biological and Immunological Evaluation of the Carboxy-Terminal
Region. Endocrinology 1978; 103:978-84.

Scatchard G. The Attraction of Proteins for Small Molecules and
Ions. Am New York Acad Science 1949; 51:660-72.

Segre GV, Habener JF, Powell D, Tregear GW and Potts Jr. JT.
Parathyroid Hormone in Human Plasma. Immunochemical
Characterization and Biological Implications. J Clin Invest 1972;
51:3163-72.



12: 44 16 January 2011

Downl oaded At:

174

W1,

h2.

43,

Ly,

45,

46.

47,

HEHRMANN ET AL.

Silverman R and Yalow RS. Heterogeneity of Parathyroid Hormone:
Clinical and Physiologic Implications. J Clin Invest 1973; 52:
1958-71.

Streibl W, Minne H, Raue F and Ziegler R. Radioimmunoassay for
Human Parathyroid Hormone for Differentiation between Patients with
Hypoparathyroidism, Hyperparathyroidism and Normals. Horm Metab
Res (979; 11:375-6.

Tregear GW, van Rietschoten H, Green E et al. Bovine Parathyroid
Hormone: Minimum Chain Length of Synthetic Peptide Required for
Biological Activity. Endocrinology 1973; 93:1349-53.

Wilke R, Harmeyer J, von Grabe C, Hesch R-D and Hehrmann R.
Regulatory Hyperparathyroidism in a Pig Breed with Pseudo-vit
D-Deficiency. Acta Endocr (in press).

Woo J and Singer FR. Radioimmunoassay for Human Parathyroid
Hormone. Clin Chim Acta 1974; 54:161-8.

Zanelli JM. Preliminary International Collaborative Immunochemical
Studies on a Possible Reference Preparation of Human Parathyroid
Hormone (hPTH). V. International Congress of Endocrinology,
Hamburg 1976, Abstract 550:226.

Zettner A. Principles of Competitive Binding Assays (Saturation
Analyses) I. Equilibrium Techniques. Clin Chem 1973; 19:699-705.



