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THE CYTOCHEMICAL BIOASSAY OF PARATHYROID HORMONE: 
FURTHER EXPERIENCE 

* 
J. Allgrove , J. Chayen 

Division of Cellular Biology, Kennedy I n s t i t u t e  of Rheumatology 
Bute Gardens, London W6 7DW 

and J .L .H . 0 'Riordan 
Department of Medicine, Middlesex Hospital Medical School, 

Mortimer Street, London W1. 

*Present address: Department of Paediatr ics ,  
East Birmingham Hospital, Bordesley Green East, Birmingham B9 

ABSTRACT 

The procedure fo r  the cytochemical bioassay of parathyroid 
hormone has been examined t o  improve the  r e l i a b i l i t y  and robustness 
of the assay. I t  has been shown t h a t  the control of the pH, a t  a l l  
stages of t he  assay, i s  e s sen t i a l .  The use of the assay confirmed 
t h a t  the c i r cu la t ing  l eve l  of the biological ly  ac t ive  form of this 
hormone i s  less than one tenth of the values found by the more 
recent immunoassays, and is  i n  good agreement with previously 
calculated values. 
hypoparathyroid and hyperparathyroid l eve l s  and allowed r e l a t i v e  
potencies t o  be ascribed t o  preparations of the hormone obtained 
from human, bovine and porcine sources. 

The assay clear ly  distinguished between normal, 

INTRODUCTION 

I n  the past  few years cytochemical techniques have been 

shown t o  be capable of measuring sub-physiological concentrations 

of several  polypeptide hormones (1). Guinea-pig kidney has been 

found t o  be a su i t ab le  t a rge t  t i s sue  f o r  the measurement of the 
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2 ALLGROVE, CHAYEN, AND O'RIORDAN 

biological a c t i v i t y  of parathyroid hormone (PTH); t he  

spec i f i c i ty  of the response of glucose 6-phosphate dehydrogenase 

(G6PD) a c t i v i t y  i n  d i s t a l  convoluted tubules i n  t h i s  t i s sue  

t o  concentrations of PTH within and below the physiological 

range has been established (2,3) . 
Where cytochemical bioassays have been used t o  define the 

normal c i rculat ing concentrations of biological ly  ac t ive  

hormones, the r e s u l t s  have, i n  general, been i n  good agreement 

w i t h  the r e s u l t s  of radioimmunoassay. However, PTH is a special  

case i n  t h a t  the c i r cu la t ing  l eve l  of the biological ly  act ive 

form of the hormone, which has been calculated t o  be about 

lOpg/ml(4) , represents no more than 5% of the immunoreactive 

hormone. 

been a t t r i bu ted  t o  the f a c t  t h a t  PTH i n  t he  c i r cu la t ion  is  

heterogeneous (5) and consis ts  mainly of biological ly  inac t ive  

fragments , mostly derived from the biological ly  inact ive 

carboxy-terminus (C-terminus) , which a r e  measured by immunoassay. 

Nevertheless, even those assays which measure the  N-terminus 

exclusively (6,7) have s t i l l  demonstrated molar concentrations 

of immunoassayable hormone t h i r t y  t o  f i f t y  t i m e s  greater  than 

those which have been reported fo r  bioassayable PTH. 

This discrepancy between bioassay and immunoassay has 

For these reasons it i s  of pa r t i cu la r  importance t o  be 

able t o  determine the  c i r cu la t ing  levels  of bioassayable PPH. 

Although recent reports of a bioassay f o r  PTH based upon the 

stimulation of adenylate cyclase a c t i v i t y  i n  renal c o r t i c a l  

membranes have shown tha t  t h a t  assay is capable of measuring 
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CYTOCHEMICAL BIOASSAY OF P T H  

physiological concentrations of PTH (8), the  cytochemical 

bioassay is cur ren t ly  the  only method ava i l ab le  which can 

readi ly  measure both physiological and sub-physiological l e v e l s .  

Studies were therefore  made t o  t r y  t o  ensure its ready 

reproducib i l i ty  and t o  make it more robus t  so that it can be  

used more widely. 

METHODS 

Cytochemical bioassay 

The procedure was s imi l a r  t o  t h a t  used previously by 

Chambers e t  a l .  ( 2 )  and by Goltzman e t  a l .  ( 9 ) .  Female guinea- 

p igs  of the Dunkin-Hartley s t r a i n  weighing 400-550g were f ed  

on 350 Coney bran p e l l e t s  (BOCM Si lcock ,  Basingstoke, Hampshire) 

with added f r e sh  cabbage. Adexoline (Farley Health Products, 

Plymouth, Devon, England) 0.6ml/day (containing 400U Vitamin D 2 '  

45pg Vitamin A and 3mg Vitamin C per  m l )  was added t o  t h e i r  

drinking water f o r  a t  l e a s t  one week before  they were used i n  

t h e  assay. The animals were k i l l e d  by asphyxiation i n  n i t rogen  

and t h e  kidneys removed and decapsulated. Each kidney w a s  then 

c u t  longi tudina l ly  through the  pe lv i s  and the  poles  were c u t  i n t o  

equal s i zed  pyramid-shaped segments less than Smm i n  g r e a t e s t  

dimension, y ie ld ing  a maximum of s ix t een  segments from each 

animal. Each segment was then placed on de fa t t ed  l ens  t i s s u e  

covering a s t a i n l e s s  steel w i r e  mesh t a b l e  which s tood  i n  a 

3 

v i t r e o s i l  d i sh .  Non-proliferative cu l tu re  medium (Trowell 's  T8, 

Gibco Biocul t ,  Pa is ley ,  Scotland) was added up t o  t h e  l e v e l  of 
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4 ALLGROVE, CHAYEN, AND O'RIORDAN 

t he  top of the  t a b l e ,  and t h e  d i sh  was placed i n  a c u l t u r e  chamber. 

The segments were maintained f o r  5 hours a t  37 C i n  an 

atmosphere of 5%CO /95%02 which buffered the  bicarbonate i n  t h e  

m e d i u m  t o  achieve a pH of 7.56. A t  the  end of t h i s  t i m e ,  t h e  

medium was removed and replaced with f r e sh  medium which was 

poured over t h e  segments and l e f t  fo r  e i g h t  minutes. This w a s  

0 

2 

then removed and to  each segment was added e i t h e r  one of s eve ra l  

graded doses of a standard prepara t ion  of PTH (1.0 t o  0 . 0 0 1 p g / m l )  

o r  d i l u t i o n s  of plasma (1:100 to 1 : l O  OOO) , a l l  d i l u t e d  i n  

T8 medium. To the  h ighes t  concentration of the standard 

preparation w a s  added 1% hypoparathyroid plasma, this being 

d i lu t ed  s e r i a l l y  w i t h  t he  standard prepara t ion .  

After exposure t o  the hormone, t h e  segments were c h i l l e d  

0 rapidly t o  -70 C i n  n-hexane (low i n  aromatic hydrocarbons, 

bo i l i ng  range 67-7OoC) f o r  30-45 seconds and s t o r e d  a t  -7OOC i n  

corked dry tubes. 

platform of ice on a microtome chuck and sec t ions ,  1 6 ~  th i ck ,  

were cu t  using a Br igh t ' s  c ryos t a t  (Br ight  Instrument Company, 

Huntingdon, England) a t  a cabine t  temperature of -25 C w i t h  t he  

kn i f e  cooled t o  -7OOC. 

Within 72 hours they were mounted on a 

0 

As soon as poss ib le  a f t e r  cu t t i ng ,  unfixed sec t ions  were 

reac ted  fo r  G6PD a c t i v i t y .  The reac t ion  medium contained 5mmol/l 

glucose 6-phosphate (G6P) , 3mmol/l NADP, Smmol/l neotetrazolium, 

lOmmol/l KCN, 0.67mmol/l phenazine methosulphate and 12% polyvinyl 

alcohol (G18/140 Wacker Chemicals Ltd., Walton-on-Thames, Surrey, 

England) i n  glycyl glycine bu f fe r ,  5Ommol/l, ad jus ted  t o  pH 8.0. 
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CYTOCHEMICAL BIOASSAY OF PTH 5 

The s e c t i o n s  were exposed t o  t h e  r e a c t i o n  medium f o r  t h e  same 

t i m e ,  u s u a l l y  5-7 minutes depending on the i n t e n s i t y  of  the 

r e a c t i o n .  Under t h e s e  c o n d i t i o n s  neote t razol ium is reduced t o  

two i n t e n s e l y  coloured i n s o l u b l e  formazans which were measured 

i n  cel ls  of  i n d i v i d u a l  d i s t a l  convoluted t u b u l e s  by m e a n s  o f  a 

Vickers  M85 scanning and i n t e g r a t i n g  microdensi tometer  (Vickers  

Ins t ruments ,  York, England) a t  585nm, the i s o b e s t i c  p o i n t  o f  the 

two formazans. A x40 o b j e c t i v e  w a s  used; t h e  scanning  spot s i z e  

was 0 . 5 ~  i n  diameter i n  t h e  p l a n e  o f  the s e c t i o n ,  and the 

diameter  of the mask w a s  1 7 ~ .  Ten separate t u b u l e s  i n  

d u p l i c a t e  s e c t i o n s  from each segment of kidney were measured, 

and t h e  a c t i v i t y  of  t h e  enzyme was expressed  as mean i n t e g r a t e d  

e x t i n c t i o n  (MIE)  . The mean o f  these readings  (mean ? SEM of 

twenty readings)  was p l o t t e d  a g a i n s t  the c o n c e n t r a t i o n  of  t h e  

s t a n d a r d  p r e p a r a t i o n  of  the hormone or t h e  d i l u t i o n  of  t h e  plasma. 

The c o n c e n t r a t i o n  o f  hormone i n  the plasma, the 95% conf idence  

limits and t h e  i n d i c e s  of p r e c i s i o n  for  each sample were t h e n  

c a l c u l a t e d  accord ing  to  the method of  Gaddum (10) as modif ied 

by  B o r t h  (11) for m u l t i p l e  b i o a s s a y s .  

P r e p a r a t i o n  of Medium f o r  Hormone D i l u t i o n  

To ensure  a s t a n d a r d  p H ,  a l l  the s o l u t i o n s  t h a t  were a p p l i e d  

t o  segments had 5%CO / 9 5 % a i r  passed  through them f o r  10-15 minutes  

b e f o r e  they were used. The passage of gas  w a s  cont inued  w h i l e  

t h e  medium w a s  p i p e t t e d  i n t o  the tubes  used f o r  d i l u t i o n ;  t h e  

tubes were immediately s toppered  t o  e n s u r e  t h a t  t h e  pH of t h e  

medium remained stable. 
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6 ALLGROVE, CHAYEN, AND O'RIORDAN 

For the study of t he  e f f e c t  of pH on the  time required t o  

evoke the  maximum response i n  the  t i s s u e ,  the pH of the  medium 

was adjusted t o  one of t w o  d i f f e r e n t  pH values.  

pH of 7.56 was t h a t  usua l ly  used; t h i s  w a s  achieved by bubbling 

the  medium with 5%C02/95%air. 

achieved by the  addi t ion  of 1N HC1 ( 2 m l  t o  lOOml of medium) t o  

the medium before bubbling with the gas mixture. 

The higher 

The lower pH, namely 7.26, w a s  

Preparation of Hormone Standard and Plasma Samples 

Standard preparations of hormone were prepared by i n i t i a l l y  

dissolving the contents of an ampoule of the  lyophi l ized  standard 

reference prepara t ion  i n  0.5mlofO.lM a c e t i c  a c i d  and then 

d i l u t i n g  1:lO i n  e i t h e r  r econs t i t u t ed  freeze-dried o r  f r e sh  

normal plasma; a l iquo t s  (about 150pl) were snap frozen and 

s to red  a t  -70 C. Samples of plasma were taken by venepuncture 

i n t o  cool p l a s t i c  tubes containing l i t h ium heparin (2mg/tube) and 

quickly centrifuged a t  4 C, snap frozen i n  a l iquo t s  (about 1 5 0 ~ 1 )  

and s to red  a t  -70 C. For each assay 1 0 0 p 1  of a f r e sh  a l i q u o t  of 

t he  reference preparation or of plasma was used. 

0 

0 

0 

Hormone Preparations 

Four preparations of hormone were used. A p u r i f i e d  standard 

preparation o f  bovine PTH (NIBSC 77/533) containing 1OOpg PTH/ 

ampoule and equivalent t o  200 U PTH w a s  most f requent ly  used; a l l  

r e s u l t s  have been expressed as p g / m l  of this standard.  

standard preparation of bovine PTH (NIBSC 72/286) containing 2Wpg 

PTH/ampoule and equivalent t o  520U was a l s o  used. Both of these  

A second 
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C Y T O C H E M I W  BIOASSAY OF P T H  7 

preparations were obtained from the National I n s t i t u t e  of 

Biological Standards and Control, Hampstead, England. Human 

hormone had been prepared by t r ichloroacet ic  acid extract ion of 

human parathyroid tumours; each ampoule contained lOOng of PTH 

material and was thought t o  be about 10% pure ( R .  Manning, personal 

communication). 

a l so  studied. 

t r ichloroacet ic  acid, t h e  extract  had been purif ied by 

chromatography on carboxymethyl cel lulose;  it was designated 

A puri f ied preparation of porcine hormone was 

After the porcine glands had been extracted with 

CMC-PPTH ( 1 2 ) .  

Subjects 

The a b i l i t y  of the assay t o  discriminate between normal 

subjects and pat ients  w i t h  e i t he r  primary hyperparathyroidism 

or  hypoparathyroidism was studied i n  twelve normal subjects ( t h ree  

females and nine males) aged between 2 3  and 35 years; seven 

pat ients  aged between 13 and 67 years w i t h  hypercalcaemia due t o  

primary hyperparathyroidism proven a t  operation; and nine pa t i en t s  

aged between 8 and 61 years w i t h  hypoparathyroidism of thalassaemic, 

idiopathic o r  postsurgical or igin.  

RESULTS 

1. Dose Response Curve of Concentrations of a Standard Preparation 

of the Hormone 

In guinea-pig kidney d i s t a l  convoluted tubules PTii (0.001 t o  

l.Opg/ml) increased GGPD a c t i v i t y  l i nea r ly  (Fig. 1). Two d i lu t ions  
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8 ALLGROVE, CHAYEN, AND O'RIORDAN 

Normal J.A.  

111000 

I 1 1 
0.001 0.01 0.1 1.0 

PTH (pglml) 

Figure  1. Regression l i n e  o f  s t a n d a r d  p r e p a r a t i o n  o f  bovine 
PTH (77/533) over f o u r  se r ia l  1:lO d i l u t i o n s .  A plasma 
sample i n  two serial  1:lO d i l u t i o n s  gave a parallel 
response and a v a l u e  of 2.4 pg/ml. Responses shown as 
mean f SEM. 

of plasma from a normal subject gave responses  that were p a r a l l e l  

t o  t h a t  of  the s t a n d a r d  r e g r e s s i o n  l i n e  and, when c o r r e c t e d  f o r  

d i l u t i o n ,  gave a r e s u l t  o f  2.4pg/ml wi th  95% conf idence  l i m i t s  of 

76-138%. The index o f  p r e c i s i o n  f o r  this a s s a y  w a s  0.09. 

However, a l i n e a r  response was n o t  always o b t a i n e d  over  a l l  

f o u r  graded c o n c e n t r a t i o n s  o f  t h e  s t a n d a r d  p r e p a r a t i o n  of the 

hormone. Frequent ly  a l i n e a r  response was e l i c i t e d  only  over  three 

c o n c e n t r a t i o n s  and the s t a n d a r d  graph showed either low a c t i v i t y  

i n  t h e  segments exposed t o  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  hormone 

(as i n  F ig .  5)  or a b e r r a n t l y  high a c t i v i t y  i n  the t i s s u e  exposed 
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CYTOCHEMICAL BIOASSAY OF PTH 9 

t o  t h e  lowest c o n c e n t r a t i o n .  D i l u t i o n s  o f  plasma gave p a r a l l e l  

responses  when t h e  ac t iv i t ies  induced by t h e m  f e l l  on the l i n e a r  

p a r t  o f  t h e  s t a n d a r d  graph.  To e n s u r e  t h a t  this o c c u r r e d ,  plasma 

samples were u s u a l l y  assayed  i n  a t  least  three, or sometimes f o u r ,  

d i l u t i o n s ,  p a r t i c u l a r l y  i f  they were expected t o  c o n t a i n  a h i g h  

c o n c e n t r a t i o n  of hormone. The paral le l  s e c t i o n s  o f  the graphs  o f  

the s t a n d a r d  and t h e  unknown were t h e n  compared when c a l c u l a t i n g  

the c o n c e n t r a t i o n  o f  the hormone i n  t h e  unknown. 

2. E f f e c t  o f  pH on t h e  Response of T i s s u e s  

The e f f e c t  of  t h e  p H  o f  t h e  medium used b o t h  f o r  the post- 

maintenance wash and f o r  exposing the t i s s u e  t o  t h e  hormone, was 

s t u d i e d  by determining the time r e q u i r e d  t o  produce a maximal 

response.  The t i s s u e  segments were maintained under  t h e  normal 

c o n d i t i o n s  of  c u l t u r e  a t  pH 7.56, s u b j e c t e d  t o  a post-maintenance 

wash a t  the p H  t o  b e  used f o r  subsequent  i n c u b a t i o n  w i t h  s t a n d a r d ,  

and t h e n  exposed f o r  d i f f e r e n t  p e r i o d s  of t i m e ,  from f o u r  t o  

f o u r t e e n  minutes ,  to  O . l p g / m l  o f  bovine PTH (NIBSC 77/533) 

d i s s o l v e d  i n  c u l t u r e  medium tha t  had been a d j u s t e d  t o  e i t h e r  

pH 7.56 or 7.26. 

A t  p H  7.56 a peak response was o b t a i n e d  s i x  minutes  a f t e r  

t h e  hormone w a s  poured on w h i l e  a t  p H  7.26 the peak response  d i d  

n o t  occur  u n t i l  twelve minutes  (F ig .  2) . 

3. E f f e c t  of  Hormone Concent ra t ion  on t h e  Response of  t h e  T i s s u e  

A s t u d y  w a s  made t o  d e f i n e  how the c o n c e n t r a t i o n  o f  the 

hormone, a p p l i e d  t o  t h e  t i s s u e ,  i n f l u e n c e d  t h e  t i m e  o f  maximal 
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10 ALLGROVE, CHAYEN, AND O'RIORDAN 

J-* pH 7.56 
M p H 7 . 2 6  

50 

40 

MIE 
x loo 

T 

I I I I I I I I 
0 2 4  6 a  10 12 14 

Time (rnin) 

Figure 2 .  E f f e c t  of v a r i a t i o n  of pH of c u l t u r e  medium on t i m e  
o f  peak response using a hormone Concentration of 0.1 pg/ml. 
A t  pH 7 . 5 6  ( A - - A )  a peak response w a s  p re sen t  a f t e r  s i x  
minutes exposure t o  hormone1 a t  pH 7 .26  (0-0) twelve minutes 
were requi red  f o r  a peak response to occur. Responses 
shown a s  mean t SEM. 

response. Two concentrations of t h e  s tandard  prepara t ion  (NIBSC 

77/533) of t h e  hormone were used. 

A t  a pH o f  7 .56  and a concent ra t ion  of l.Opg/ml, t h e  peak 

response t i m e  ( four  minutes) occurred earlier than  with O.Olpg/ml 

( s i x  minutes),  by which t i m e  the G6PD a c t i v i t y  i n  the  segments 

exposed t o  t h e  h igher  concentration had f a l l e n  t o  a l e v e l  below 

t h a t  r e s u l t i n g  from exposure t o  t h e  lower concent ra t ion  (Fig. 3 ) .  

This would expla in  the f ind ing  t h a t  t h i s  h igher  concent ra t ion  of 
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Figure 3 .  E f f e c t  of varying the  hormone concentration on t h e  
t i m e  of peak response. 
(A -A) t h e  peak response occurred a f t e r  fou r  minutes 
exposure t o  hormone; a t  a concentration of 0.01 pg/ml (.-a) 
the  peak response occurred a f t e r  s i x  minutes and was 
s i g n i f i c a n t l y  g r e a t e r  ( p C O . 0 1 )  than  a t  four  and e i g h t  minutes. 
Responses shown a s  mean 2 SEM. 

A t  a Concentration of 1 M/ml 
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Figure 4 .  Response with time of  glucose 6-phosphate dehydrogenase 
a c t i v i t y  i n  the guinea-pig kidney a f t e r  exposure t o  bovine 
PTH (& -A)  and porcine PTH ( 0 - 0 ) .  The response t o  both 
hormone prepara t ions  w a s  s imi l a r .  
SEM. 

Responses shown a s  mean ? 

PTH gave anomalously low va lues  i n  some s tandard  c a l i b r a t i o n  

graphs.  

4.  Comparison of D i f f e ren t  Hormones 

i) Time courses were measured f o r  t h e  response of t i s s u e  

from the same guinea-pig to  approximately equiva len t  concent ra t ions  
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6 

5 

MIE 
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4 

3 

- B-PM R2/286) - 8-PM R71533) - H-PM 
T 

1 I I 1 1 J 
o7 l b  lo5 rb' llj3 u? 

Serial Dilutims 

Figure 5. Assay of p u r i f i e d  s tandard  prepara t ion  of bovine PTH 
(72/286 NIBSCA-A) and p a r t i a l l y  pu r i f i ed  human PTH ( A - A )  
aga ins t  pu r i f i ed  s tandard  prepara t ion  of b w i n e  PTH (77/533 
NIBSC 0-0). In  each case  the  h ighes t  concent ra t ion  of 
hormone gave inappropr ia te ly  low a c t i v i t y  i n  t h e  t i s s u e .  
S e r i a l  1:lO d i l u t i o n s  of each prepara t ion  were used. Time of 
exposure was s i x  minutes. Responses shown as mean ? SEM. 

o f  two hormone prepara t ions  (NIBSC 77/533 and CMC-PPTH) . Both 

demonstrated an i n i t i a l  peak of a c t i v i t y  a f t e r  s i x  minutes 

exposure t o  O.lpg/ml of hormone a t  pH 7.56 (F ig .  4 ) .  

ii) I n  an intra-animal assay, a s tandard  prepara t ion  of 

p u r i f i e d  bovine hormone (NIBSC 77/533) w a s  compared with a 

s i m i l a r  p u r i f i e d  bovine s tandard  ( N I B S C  72/286) and wi th  the  

p a r t i a l l y  p u r i f i e d  prepara t ion  of human hormone (F ig .  5 ) .  I n  

a second intra-animal assay, t he  bovine hormone (NIBSC 77/533) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



14 ALLGROVE, CHAYEN, AND O’RIORDAN 

B -PM 071533) - C M - P P M  

MIE 
x 100 

Serial Dilutime 

Figure 6. Assay of p u r i f i e d  prepara t ions  of porcine PTH (CMC- 
PPTH 0-0) aga ins t  p u r i f i e d  s tandard  prepara t ion  of bovine 
PTH (77/533 NIBSCA-A). S e r i a l  1:lO d i l u t i o n s  of  both 
preparations were used. Responses shown a s  mean f SEM. Time 
of exposure w a s  s i x  minutes. 

was compared with the p u r i f i e d  prepara t ion  of the  porcine 

hormone (CMC-PPTH) (F ig .  6 ) .  

All of these  hormone prepara t ions  showed pa ra l l e l i sm w i t h  

NIBSC 77/533 over the  three d i lu t ions .  Rela t ive  t o  this standard,  

t he  bovine standard NIBSC 72/286 had a potency of 1 . 1 2  wi th  95% 

confidence l i m i t s  pf 77-130%; t h i s  compared with a r e l a t i v e  

potency of 1 .3  between these  standards a sce r t a ined  by NIBSC. 

Assuming 10% pur i ty ,  t he  human prepara t ion  had a r e l a t i v e  potency 

of 0.87 (76-131%), and the  CMC-PPTH had a potency of 1.16 
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CYTOCHEMICAL BIOASSAY OF PTH 15 

(66-154%). The i n d i c e s  of p r e c i s i o n  f o r  t h e s e  two a s s a y s  were 

r e s p e c t i v e l y  0.093 and 0.15.  Subsequent ly  a l l  r e s u l t s  have been 

expressed as pg/ml of  bovine  s t a n d a r d  NIBSC 77/533 s i n c e  t h i s  

w a s  the most r e a d i l y  a v a i l a b l e .  

5. Assay o f  Plasma Samples 

The twelve normal s u b j e c t s  had v a l u e s  ranging  from 1 . 2  t o  

5.9 pg/ml and t h e  seven p a t i e n t s  w i t h  pr imary hyperpara thyro id ism 

from 16.4 t o  406pg/ml. 

c o n c e n t r a t i o n s  o f  hormone (406 and 328pg/ml) had t h e  most f l o r i d  

hyperpara thyro id  bone d i s e a s e .  The nine p a t i e n t s  w i t h  hypopara- 

thyroidism had c o n c e n t r a t i o n s  below 0.55pg/ml. 

The two p a t i e n t s  w i t h  t h e  h i g h e s t  

The mean index of p r e c i s i o n  f o r  f o u r t e e n  a s s a y s  w a s  

0.13 f 0.01 (mean f SEMI and t h e  95% confidence l i m i t s  f o r  38 

samples i n  these assays  v a r i e d  from 47-241% up t o  77-130% w i t h  

most be ing  around 66-159%. I n  two a s s a y s  i n  which t w o  series 

o f  d i l u t i o n s  o f  the same s t a n d a r d  p r e p a r a t i o n  o f  hormone were 

assayed a g a i n s t  each other, t h e  c o e f f i c i e n t  of  v a r i a t i o n  w i t h i n  

assays  w a s  r e s p e c t i v e l y  7.2 and 6.1%. The c o e f f i c i e n t  o f  

v a r i a t i o n  between a s s a y s  c a l c u l a t e d  f o r  t e n  samples  which w e r e  

assayed on more t h a n  one occas ion  w a s  27%. 

DISCUSS ION 

Our experience w i t h  the cytochemical  b i o a s s a y  f o r  PTH h a s  

confirmed t h e  f i n d i n g s  o f  o t h e r s  (2 ,3 ,9)  that  t h e  normal 

c i r c u l a t i n g  c o n c e n t r a t i o n  of  b i o l o g i c a l l y  a c t i v e  PTH is 
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16 ALLGROVE, CHAYEN, AND O’RIORDAN 

considerably lower than t h a t  reported f o r  immunoassayable 

hormone. Furthermore, it has also been shown t h a t  it i s  possible 

t o  measure concentrations of hormone below the normal range. 

Patients with primary hyperparathyroidism had concentrations 

up t o  f i f t y  times greater  than normal and, as  with the N-terminal 

spec i f i c  immunoradiometric assay (6) , the highest  concentrations 

were associated with the m o s t  f l o r i d  radiologically apparent 

bone disease. 

However, the assay system appears t o  be very sens i t i ve  t o  

changes i n  the conditions under which it is performed. The pH 

of the medium used for  t r ea t ing  the segments with the hormone 

seems t o  be of pa r t i cu la r  importance i n  t h i s  respect.  

the time course s tudies ,  undertaken under the conditions 

specified,  demonstrated an i n i t i a l  peak t i m e  of response a t  s i x  

minutes. This i s  the same a s  t h a t  found by Goltzman e t  al. (9) 

although s l igh t ly  shorter  than t h a t  used by Chambers e t  a l .  ( 2 ) ;  

both of these groups used the same medium bu t  without 

equilibrating it with 5%C02. When the pH of the medium was 

lowered, the i n i t i a l  peak response time increased t o  twelve 

minutes. The poss ib i l i t y  t h a t  the lower pH resul ted i n  

suppression of the f i r s t  peak with preservation of the second 

peak cannot be ruled out ,  but Fenton e t  a l .  (3)demonstrated an 

i n i t i a l  peak a t  twelve minutes using a d i f f e ren t  medium (Eagles 

MEM) which was presumably a t  a lower pH. 

Most of 

This variation of response with pH means t h a t  the conditions 

m u s t  be carefully controlled i f  maximum value is t o  be obtained 
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CYTOCHEMICAL BIOASSAY OF PTH 17 

from the assay. Trowell 's T8 medium presents ce r t a in  d i f f i c u l t i e s  

i n  t h i s  respect since i ts  pH i s  maintained i n  cul ture  by 

equi l ibrat ion w i t h  5%C02.  

of the medium varies from batch t o  batch,but by f i r s t  

equi l ibrat ing with 5%CO and stoppering the tubes immediately 

a f t e r  pipetting,changes i n  pH t h a t  may occur during each assay 

The pH of commercial preparations 

2 

a re  l imited.  

The finding of an e a r l i e r  time of maximal response of 

t i s sue  t o  l.Opg/ml than t o  0.1 o r  O.Olpg/ml adds a fu r the r  

complication to  the assay system. I t  is consis tent  with the 

finding (13) t h a t  the response of thyroid t i s sue  t o  T S H  occurs 

e a r l i e r  when exposed t o  1 0 u U / m l  of hormone than when exposed 

t o  1 p U / m l .  The reasons for  t h i s  phenomenon a re  not en t i r e ly  

c l ea r  but  the f a c t  t h a t  it does not occur every t i m e  t h a t  PTH 

is assayed may be due t o  inter-animal var ia t ion.  

Despite slow through-put, the assay has proved a useful 

method of assaying biological a c t i v i t y  of PTH. I t  confirms 

the previously calculated levels  of the biological ly  ac t ive  

hormone and clear ly  distinguishes between normal, hypoparathyroid 

and hyperparathyroid subjects .  In addition it has proved possible 

t o  demonstrate s i m i l a r i t i e s  i n  the response of guinea-pig 

kidney t o  PTH extracted from bovine, porcine and human species and 

t o  assess the r e l a t ive  potencies of these preparations.  
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