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ABSTRACT 

A new method of measuring vafqpxyesin activity is described. 
depends on the finding that the Na -K -ATPase aotivity, meaeured cyto- 
chemically, in the thick ascending limb of the loop of Henlo in rat renal 
tissue maintained in vitro, responded to increaeing concentretione of 
synthetic arginine vasopresein in a lo dose related faahion. The limit 
of sensitivity was 0.002 pg/ml (2x10-1Fml/l). me bee-responeee were 
reproducible; the inter-assay coefficient of variation WBE 6.46 at a 
vaqopfsesin concentration of 0.02 ps/ml. 
Na -K -A"Pase activity, the etimulation being reduced by 9Wk when the 
plasma had been treated with an antieem apecific for vseopresein. 
Measured in thie syetem, the circulating levels of plaane vampreeein, in 
healthy adults after 18h dehydration, wae 4.0s.3 pdml (mean +. m; -4) 
and fell to 0.6s.1 p & l  followlag a water load. 
vasopressin values obtained by the oytochemical bioaeeay were comparable 
to those meaeured by radioimmunoassay (r = 4.97, p (0.O01). 

It 

~oolmal plamna etimulated thie 

Abaolute plasma 

Measurement of ar&m vasopressin, namely the hrman antidiuretic 

honaone, has remained technically difficult particularly when appliod t o  

plasms. 

of the hormone, of the order of 

interference in hwnmoaesaye by eubetanoes of large molecular weight. 

This ie due in part to the extremely low cimulating concentrations 

mol/l, and in part to non-apeoific 

399 

Copyright 0 1981 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



400 BAYLIS ET AL.  

Classical bioassays, based on changes i n  dluresis ln water-loaded, ethanol 

nnaesthetized rats (1 )  an, subject to  considerable inter-assay var ia t ion 

and interference fmm vasopressin-independent mechanisms a l te r ing  dluresis ;  

radiolnnmmoasaays require extraction of blood samples before assay and 

necessitate ant isera  of high avidlty (2). 

levels, both bio-and Fmmunoassays tend t o  be operated a t  the l imi t s  of 

the i r  sensi t ivi ty .  Despite these methodological d l f f lcu l t ies ,  considerable 

advance i n  our undemtandlng of the p h y e i o l o ~  and pathophysiologg of 

vasopressin secretion has been achieved, but vasopressin assays tend t o  

remain research tools. 

fmm non-specific interference, and yet  suff ic ient ly  sensitive t o  detect 

low circulat ing levels  of vasopressin. 

Because of the low circulat ing 

There clear ly  is a place f o r  a precise method, f e e  

The technique of cytochemical bioassay has been available for a few 

years ( for  reviews see ref. 3,4) and has been applied t o  the measurement 

of many peptide hormones (4). 

for  the hormone peptide with remarkable sensi t ivi ty ,  and would appear t o  

be suitable f o r  overcoming some of the problems associated with the 

measurement of vasopressin In body fluids. 

observations ln developing a oytochsmical bioassay for  a r g l d n e  vasopressin 

and its application t o  the measurement of this hormone i n  plasma. 

The method combines biologioal specif ic i ty  

We describe below our preliminary 

METHOD - 
Bemale Wistar rats (200-3OOg) were allowed free aocess t o  food and 

water before they w e r e  k i l led  by nltmgen a s p w a t i o n .  

quickly removed and the renal capaule was stripped carefnlly fmm each 

kidney which was then bisected longitudinally. 

fmm each half of the kidney. Gach segment was placed, cor t ical  surface 

downevardq on a de-fatted lens tissue which lay  on a metal gr id  table  i n  a 

V i t r e O E i l  dish containing Trowell8e T8 oulture mediuu, pH 7.6, up to  the 

level of the lens  tisaue (5). 

Kidneys were 

Three sewents  w e r e  cut 

Tha diah was placed i n  a culture pot; 
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CYTOCHEMICAL BIOASSAY FOR ARGININE VASOPRESSIN 401 

the a i r  within the pot wae dieplaced by 996 o m e n  and % carbon dioxide, 

a f t e r  which the pot wae sealed. 

at  37OC f o r  5h (3 ) .  

Kldney segments were maintained i n  culture 

After this period the v i t reoe i l  dishes w e r e  removed f r o m  the cul ture  

pots and the culture medium was diecarded. 

vasopreeein (Perring AB PZuumaceuticale), or plasma di luted suitably with 

Tmwell'e T8 medim were poured over the eegments. 

defined the optimal time required f o r  the maximum stimulation of enzyme 

act ivi ty ,  and thereafter a l l  vaeopreeein and plasma solutions were allowed 

t o  react  for e i ther  5 or 17.5 min. 

standard preparation of hornone o r  diluted plama, each aement wae chi l led 

t o  -70°C in  n-heme ("free R o m  aromatic hydrocarbone" grade, boi l ing 

range 67-7OoC) f o r  30 e m ,  and was then quickly transferred, by means of  

cold forceps, into glass tubes pre-cooled to  -7OOC. Although the enzyme 

ac t iv i ty  of the t issue remained s table  for at least 48h, s e e e n t e  were 

sectioned within 24h. Fach segment was mounted on a microtome chuck so 

that each section contained renal pelvis, medulla and cortex. Sectlone 

were cut a t  10 p i n  a low temperature cryostat ( B r i e t ,  Model FS/FAS/M/LT). 

Conetant thickness of eectione wae eneured by an automatic cut t ing device 

that controlled the epeed a t  which eectione were out (4,6). The handle 

of the knife w a s  cooled t o  -7OOC t o  f a c i l i t a t e  the t ransfer  of sections 

from the knife on to  glaee s l ides  (7). 

Solutions of synthetic arginine 

Preliminary experimente 

After application of e i ther  the 

The enzyme ac t iv i ty  was measured inmediately after the eegments w e r e  

eectioned. 

ac t iv i ty  was based on the method of Schwartz & & ( 8 )  except that the 

concentration of a l l  chemical constituents were increased fo-fold t o  

overcome the poor diffueion of subetratee within the polypeptide medium. 

The final method used t o  measure Na+-K+-AWaee act ivi ty ,  i ts  optimization 

and validation, are deecribed i n  de ta i l  elsewhere (9). 

The method for  assaying magnesium-activated Na+-K+-ATPase 

In  br ie f ,  the  
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402 BAYLIS ET AL. 

reaction mixture for the m e a m e n t  of total ATPaae aotivity wae 40'4 

eolution (W/V) of polypep 5115 (Si-) in 200 mmol/l "ria buffer at pH 7.4 

containing eodim ohloride (24 dml; 40 ml/l), magnesium chloride 

(4 mg/ml; 20 PI DO^/^), potassium chloride (2.8 mg/ml; 37.5 mmol/l), diaodium 

adenosine 5' triphoaphate (10 mg/mlr 16.5 mol/l; Boehringer), lead 

amonium citrate/acetate complex (32 mg/ml; Sigma), and sodium acetate 

(1  mnol/l). Bor measurement of ouabain-insensitive enzyme activity, ouabain 

ootattydrate (0.5 mg/ml; 0.4 mol/l; S i p )  was added to the reaction medium. 

The final pH of both aolutiona was adjusted to pH 7.65 by the addition of 

aodium and potassium bydmtides ( 1 O : l  on a molar basis: 2.5 mmol/l) or of 

0.1 mmol/l hgdrochloric acid. 

waa aaaeaaed after staining with toluidine blue. 

Morpblogy of the tissue in aome sectiona 

Enzyme aotivities were meamuwd at 57OC. The reaction mixture WBE 

poured into maall peraper ringa which had been placed over each motion. 

Ouabain-insensitive ATPaae aotivity wae meaaured on alternate aerial 

eeotiona. 

several timea in freah 200 mol/l "ria buffer, pH 7.4 at 37'C to remove 

all traoea of the reaotion mixture. The aeotiona were then heraed, 

at room temperature, in dietilled water that had been eatnrated with 

hydrogen aulphide for 2 min. They were rinsed aeveral timea in distilled 

water and allowed to d r ~  at room temperature before mount* in Farranta' 

medium. 

After 15 min, the rings were removed and the aectiona were rinsed 

The reaction product waa m e a m d  by means of a eoanulng and integrating 

microdenaitometer (Viokera, Model M85) at 550 m, with a (do )  objective 

and a flying spot of 0.5 p diameter. 

to encompaae OM oell. Twenty cells f m m  different thick amending limba 

of Henle in the medullary region of the kidney were meaaured in duplicate 

sections. 

as the mean-- of the integrated extinction. 

The sine of the ma& waa sufficient 

After calibration of the instnnnent (4), readings were expressed 

Total A!Pase and ouabain-in- 
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CYTOCHEMICAL BIOASSAY FOR A R G I N I N E  VASOPRESSIN 403 

sensitive Na+-K+-ATPase activities were recorded. 

sensitive Na+-K+-ATPase activity was derived by eubtraction of these values. 

The value f o r  ouabain- 

Studies were designed to detect the time of the peak activities of 

total and ouabain-sensitive ATPase in reaponse to synthetic arginine 

vasopressin diluted in Trowell's T8 medium to 0.02 pg/ml. 

by allowing vasopressin solutions to react with segments f o r  various time 

intervals. Thus, in the initial studies, segments were chilled after they 

had been exposed to vasopressin for  0.5 to 10 rnin at 1 min intervals; this 

etudy we8 repeated using 2.5 rnin intervals up to 20 min. After defining the 

time of the peak enzyme activities at this concentration, the effects of 

varying the concentration of vasopressin within the range 0.002 to 2.0 pg/ml, 

upon the timing of the peak response,was assessed. 

sensitive ATPase activities were measured in response to solutions of 

vasopressin (0.002 to 2.0 pg/ml) at the 2 times of maximum aotivity. 

Subsequent studies emmined the effect of higher and lower concentrations of 

vasopressin on the enzyme activities at the times of maximum response. 

This was achieved 

Total and ouabain- 

Venous blood from a healthy adult, dehydrated for 18h, was taken into 

heparinized tubes pre-cooled to 4OC. 

f o r  10 rnin at 2000 rpm in the cold. 

into two 1 m l  aliquots. Antiserum specific to vasopressin, the characteristics 

of which have been well defined (lo), was added to one aliquot at a final 
dilution of 1:6000. 

being diluted 1:20 and 1:2000 with Trowell's T8 medium, after which they 

were applied to the kidney segments, maintained in vitm ae performed with 

the standard preparation of vasopressin. Finally, plasma was obtained 

from four healthy individuals after 18h dehydration and subsequent oral 

water loading with 20 ml/kg to assess the effect of dehydration and water 

loading on the biological action of plaema on ouabain-sensitive ATPaee. 

The blood was immediately centrifuged 

The plasma was separated and divided 

Both aliquots were stored on ice for  10 min before 
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404 BAYLIS ET AL. 

s!s?Zzi 
The optimnl pH of the vaeopreeein eolutione t o  stimulate maximno 

Amse activity In kidney aegmente VBE pH 7.65. The time course of the 

response of the cells in the thick ascendlng limbs, in segmenta, to 

eynthetio arginine pasopreasin at 0.02 pg/ml showed marimel tot81 ATPase end 

ouabain-sensitive (fi+-K+-A"Paee) A m s e  aotivit~es after 5 and 17.5 min 

exposure to the hormone (pig. 1). There wae no significant difference in 

the time of the second peak of enlrgme activity in response to pariatione 

in vasopreesin COnQentr8tiOn from 0.002 to 2.0 pg/ml. Total and Na+-K+-A'PPese 

I 1 I 

0 10 20 

Time (min) 

FIGURE 1. 
renal segments exposed t o  synthetic arginine vasopressin (0.02 pg/ml). 
The mean A"P8Ee aotivities are expreEEed aa the mean integrated extinction 
recorded in '20 renal tubular cells of the ascending llmb of Henle f r o m  
duplioate eeotions at eaoh time interval. 

Time course of total and Na+-K+-Anse responses in rat 
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CYTOCHEMICAL BIOASSAY FOR ARGININE VASOPRESSIN 405 

activities did not decrease further than the value obtained with a 

vasopressin concentration of 0.002 pdnl despite lowering the concentration 

to 2 x Increase in vasopressin concentration above 2.0 pg/ml 

caused a fall in both ATPase activities. Addition of “rowell’s T8 meUm 

alone to segments did not stimulate ATPase activities. 

pg/d. 

Arginim vaeopressin gave a linear log-dose response over the range 

0.002 to 2.0 pg/ml after exposure to the hormone for 17.5 min (Fig. 2). 

The slopes of the lines for total ATF’ase and Na+-K+-ATPase were not 

significantly different (0.048 and 0.044 respectively, p > 0.05). 
correlation coefficient for the points on the Na+-K+-SlTase line was 0.99; 

for the total ATPase ie wae 0.97. 

The 

The interassay coefficient of 

-I- 

I T 

I I I I 1 

1 o - ~  10:2 10.’ 1 00 lo1 
Synthetic arginine vasopressin (pg/rnl) 

L 

FIGURE 2. 
in rat renal tubular cells of the ascendhg limb of Henle induced by 
increasing concentrations of aynthetic arginine vaaopresein, expressed as 
mean 2 SD of 5 experiments. 

The dose-reaponse graph of total and Na+-K+-ATPaee activities 
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406 BAYLIS ET AL. 

variation of the individual oonoentratione of vampreeein ranged f r o m  

6.3 to 14.4% for Na+-K+-A'PPaee and 4.7 to 16.96 for total ATFase activitiee. 

Addition of nozmsl plaama at 1:20 and 112000 dilutione to eegments 

gave Na+-K+-ATPaee reaponeee that were parallel to the standard curve 

(Fig. 3). 
to plasma, reduced the plaama vaeopreesin conoentration from 6.7 to 0.05 pg/ml. 

'Phe enzyme activity remaining in plasma after the addition of specific 

antieerum diluted parallel to the standard curve. 

Antibody apecific to aynthetic arginine vaeopressiq when added 

Results of plaama vaeopresein concentration after 18h dehydration and 

subsequent water loading are given in Fig. 4. 

from 4.09.3 (mean 

Plaema vampreemin fell 

S.E.) to 0.69.1 pg/ml after the water load. 

' t  

/ I  ~ ~ n m r  t specific 

r vaoprerin antiserum 

1 o - ~  10.2 10.1 100 101 

Synthetic arginine vasopressin (pglmll 

FIGrmS 3. Na+-K+-ATPase reaponeee to hman plaama (filled equares) at 
lr20 and lr200 ve values parallel to the atandard does-reaponee graph 
[filled aquarear Addition of epeoifio vawpresein antieem to plasma 
open equaree) reduced enzyme activity. 
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CYTOCHEMICAL BIOASSAY FOR ARGININE VASOPRESSIN 407 

18 houn dhydrrtion Watr lord 

LD ' 
l?IpIiI$ 4. Na -K -A'Dase actlvltlse In rat renal tubular cells, obtained from 
4 healthy volunteers after I 8  h dehyhratlon and followed by a standard 
oral water load. 

Results of plasm vasopreesln measured by ohaages In 

Immunoreactive plaama vasopressin concentrations In the same samples, 

meaaured by a well-established ranioinmrunoassay (lo), were 4.59.5 and 

1.7s.2 pg/ml after dehydration and water load reapectlvely. 

 ample^, there was a highly slgnfflcant positive correlation between the 

plaama vasopressin concentration measured by cytoohemloal bloaeaay and the 

In Individual 
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408 BAYLIS ET AL. 

concentration meaeured by radioimmunoasaay (correlation coefficient 

r = 4.97, t = 9.8, p< 0.001). 

DISCUSSION 

Althorn ATPase appears to be widely distributed throughout the 

awnmallan kidney, particularly high concentrations have been reported in 

the proximal convoluted tubule, the medullary thick ascending limb of Henle, 

and the distal convoluted tubule ( 11). Our previously reported obsemations 

agreed with these findings (9). 

bioassay of vasopressin we confined our observetione to the medullary region 

of the kidney. 

in both total and Na+-K+-ATPase aotlvities located in the renal medulla, 

with peak reeponses occurring after 5 and 17.5 min exposure to the hormone. 

The precise physiological significance of two peaks remains unclear, but 

similar phenomena have been described with other peptide honnones (12). 

Reproducible standard curves over the range of concentrration of vasopressin 

of 0.002 to 2.0 pg/ml have been obtained using principally the 17.5 min 

exposure time. 

pmvide a stable and specific assay to assess vasopressin concentration. 

However, the latter claim needs to be substantiated by further work 

investigating the effect of other hormones and substances known to act on 

the nephron. 

Wr the development of a cytochemical 

Synthetic arginine vasopressin caused a distinct increase 

This euggesta that changes in Na+-K+-A'PPase activity might 

Nevertheless, our results do indicate that there is a vasopreasin- 

sensitive ATPase in the rat nephron. 

believed to be the target tissue for vasopressin but very little 

Na+-K+-ATPase activity has ever been observed in these structures (11). 

Our findings imply that vasopreasin may also be acting at sites in the 

renal medulla other than the collecting duct. 

~eboul t a (1 3) tends to support our argument. 

The renal collecting ducts are 

The recent work by Imbert- 

Theme investigators 
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CYTOCHEMICAL BIOASSAY FOR ARGININE VASOPRESSIN 409 

reported membrane-associated adenyl cyclase that was sensitive to vaaopreslrin 

not only in the collecting duct but also in significant quantities in the 

thick ascending limb of FIenle. 

not found elsewhere i n  the nephron. 

vasopressin-sensitive Na'-K+-ATPase i s  locate& in the thick ascending 

limb, and, in fact, the morpholcgy of the Cells containing this A m e e  

 confirm^ our contention ( 9 ) .  

phyaiological consequences are logical. 

antidiuretic hormone by inoreasing the pernoability of colleoting duct cell0 

to water, it is essential that the renal medullary interstitial tiseue is 

hypertonic to allow free water to pass down a concentration gradient (14). 
The pmping of Na' ions into the medullary interstitial tieme by an 

ATPaee would increase its tonicity, and thereby enhance the antidiuretic 

effect. 

Vasopressin-sensitive adenyl cyclaso YBE 

We would therefore contend that a 

If OUT hypothesis is correct, then the 

Bor vasopressin to act as an 

Dilutions of freeh plasma applied to renal segments stimulated 

Na+-K+-ATPaee activity, the resuite running parallel to the standard curve. 

Although many plama EUbEtanCeE could have been responsible for this 

enzyme stimulation, the observation that antisennn specific for vasopressin 

EUbEtantially reduced ATPase activity EtFOngly suggests that, under the 

conditions we have described, the stimulation of Na+-K+-ATPase activity 

by plama is probably due to vaeonressin. 

required to confinu specificity for vasopressin since it is well-recognieed 

that paratmid hormone, thyroxine and probably many other plama 

constituents, affect nmemus enzymes at various sides in the nephmn (15). 

Clearly further studies are 

Plama osmolality is the major determinant of vasopressin secretion (16). 

Dehydration and water loading an, standard methods of stimulating and 

inhibiting secretion of vasopressin. The results of the cytcchemical 

measurement of vasopressin-like activity were in agreement with those 

anticipated changes in the secretion of vasopmnsin, thus providing some 
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4 10 BAYLIS ET AL. 

physiological validation for tho aseay. 

observation that the absolute ooncentrations of plarnna Vampreasin are verg 

similar to values obtained by radioimwaroassays reported by many investigators 

(for review see ref. 17). 

example parathymid hornone, where hormone conoentratione measund by cyto- 

chemical methods are aansiderably lower than values obtained by radio- 

innnunoassay (18). 

Of particular interest is the 

This  is in contrast to other holmones, for 

Our preliminary studies indicate that the rat nephron has a Na+-K+-ATPase, 

probably located in the thick ascending limb of Henle, that is sensitive 

to vasopressin. 

our obsemrations on the effect of vasopressin antiserm auggest that the 

method is specific for vasopresein. 

requires no extraction of  plasma which is cOmmOn to the majority of bioassays 

and radioinmunoassays for vasopressin in current use. 

Aosults obtained f r o m  our physiological studies and from 

The method is extremely sensitive and 

We are grateful to Dr. Vilhardt for his gift of aynthetio vasopressin 

and to Miss J. Pattison for secretarial help. The work was supported by 

grants from the Medical Research Counoil and the West Midlands Regional 

Research Cornittee. 

Requests for reprints should be sent to Dr. P.H. Bsylis, Endocrine bit, 

Royal Victoria Infinnary, Newcastle upon w e ,  XEl 4Lp. 
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