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Sumary. I. De ta i l s  a re  g iven  of a doub le  a n t i b o d y  
i m m u n o a s s a y  m e t h o d  su i t ab l e  for m e a s u r i n g  insu l in  in  
ur ine .  - -  2. The  m e t h o d  p r o v e d  specific a n d  reproduc ib le .  
H u m a n  insu l in  a d d e d  to  u r ine  was q u a n t i t a t i v e l y  r ecove red  
a n d  d i l u t i on  a n d  c o n c e n t r a t i o n  r e su l t ed  in  p r o p o r t i o n a l  
changes  in m e a s u r e d  insul in.  - -  3. U r i n e s  k e p t  a t  4~ for 
24 h o u r s  showed  no  loss of a s sayab le  insul in ,  whi le  de- 
creases  of 4 - - 2 3  % were  obse rved  a f t e r  s t a n d i n g  a t  r oom 
t e m p e r a t u r e  for 24 h o u r s ;  samples  of u r ine  a d j u s t e d  to  
p H  7 .4 - -8 .4  a n d  cen t r i fuged  were  k e p t  a t  - -20~  for  
9 m o n t h s  w i t h o u t  loss. A d d i t i o n  of a l b u m i n  to  u r ine  to  
p r e v e n t  a d s o r p t i o n  of insu l in  on  t h e  c o n t a i n e r  was  found  
to  be  unnecessa ry .  - -  4. Tes ts  of t h e  f irst  a n t i b o d y  reac-  
t i on  showed  t h a t  non-specif ic  co -p rec ip i t a t ion  of radio-  
ac t ive  insu l in  was less t h a n  3.5 % a n d  t h a t  a d d i t i o n  of 
sod ium chlor ide  d id  n o t  a l t e r  t h e  s t a n d a r d  insu l in  
curve .  Mon i to r  t u b e s  c o n t a i n i n g  1el i -guinea-pig g a m m a -  
g lobu l in  showed  o p t i m a l  second a n t i b o d y  p r e c i p i t a t i o n  in 
all t h e  u r ine  assays  su rveyed .  - -  5. I n  n o r m a l  sub jec t s ,  
t he  r ena l  c learance  of insu l in  was  r e l a t ive ly  c o n s t a n t  over  
a wide  r ange  of s e rum insu l in  levels,  b u t  v a r i e d  w i t h  b o d y  
size. H o w e v e r ,  p r e l i m i n a r y  s tud ies  sugges ted  t h a t  t h e  
c learance  was r ed uced  in  p r e g n a n c y ,  h y p e r t e n s i o n  a n d  
pe r iphe ra l  va scu l a r  disease,  all of w h i c h  are  c h a r a c t e r i z e d  
by  h igh  s e r u m  insu l in  values .  I n  con t r a s t ,  t h e  c learance  
in ae romega ly  was  n o r m a l  as b o t h  s e r u m  a n d  u r ine  
insu l in  levels  were  raised.  I n  chron ic  r ena l  disease t h e  
u r i n a r y  exc re t ion  of insu l in  was v e r y  h igh .  - -  6. D i rec t  
m e a s u r e m e n t  of u r i n a r y  insu l in  was  feasible  in  insul in-  
t r e a t e d  d iabe t i c s  p r o v i d e d  t h a t  r ena l  f unc t i on  was n o r m a l  ; 
i n su l in -b ind ing  a n t i b o d i e s  were  f o u n d  in t h e  u r ine  of 
these  d iabe t i c s  on ly  in  assoc ia t ion  w i t h  p ro t e inu r i a .  

Dosage radio-immunologique de l'insuline dans l'urine. 

R&umd. 1. Des d~tai ls  son t  dormds sur  la  m d t h o d e  de 
dosage  i m m u n o l o g i q u e  avee  doub le  a n t i e o r p s  p o u r  mesu r -  
er l ' i n su l ine  d e n s  l 'u r ine .  - -  2. I I  a dt6 p r o u v d  que  la  
m 6 t h o d e  es t  spdeifique et  r ep roduc t ib l e .  De l ' i nsu l ine  
h u m a i n e  a jout~e  g de  l ' u r ine  a dt6 r e t rouvde  q n a n t i t a t i v -  
e m e n t  et  les diffdrentes  d i lu t ions  e t  c o n c e n t r a t i o n s  on t  
donn6  les rdsu l t a t s  escomptgs .  - -  3. Des u r ines  qui  ou t  
6t6 garddes  p e n d a n t  24 heu res  g 4~ n ' o n t  pas  p e r d u  
d ' insu l ine ,  t a n d i s  q u ' o n  a observd  u n e  p e r t e  de  4 g 23 ~o 
aprgs  que  l ' u r ine  f i t  6t6 laissde p e n d a n t  24 heures  k la  t em-  
p d r a t u r e  de  la  piece. De l ' u r ine  d o n t  le p H  a ~t6 a jus td  
e n t r e  7.4 e t  8.4, een t r i fugde  e t  raise g - -20~  n ' a  pus  
m o n t r 6  de p e r t e  p e n d a n t  9 mois.  On  a t rouvd ,  que  
l ' a d d i t i o n  d ' a l b u m i n e  s l ' u r ine  p o u r  p rdven i r  l ' a d s o r p t i o n  
de l ' i nsu l ine  sur  le t u b e  n ' e s t  pus  ndeessaire.  - -  4. L ' d t u d e  
de  la  rdac t ion  d u  p r e m i e r  an t i eo rps  a d g m o n t r 4  que la  
co -p rde ip i t a t ion  n o n  spdeifique de l ' insu l ine  r ad i o - ac t i ve  
~ ta i t  infdr ieure  k 3.5 %,  et  que  l ' a d d i t i o n  de  s o d i u m  et  de  
eh lorure  n e  c h a n g e  pas  la  courbe  s t a n d a r d  de  l ' insul ine .  
Des t u b e s  t 4moins  c o n t e n a n t  de  la  l a t I -gamma-g lobu l ine  
de  cobaye  ou t  m o n t r 6  u n e  p rge ip i t a t i on  o p t i m a l e  du  
deux igme  a n t i e o r p s  dans  rou tes  les expdr ienees  fa i tes  avec  

* B a s e d  on  a p a p e r  p r e s e n t e d  to  t h e  6 t h  Congress  of 
t h e  I n t e r n a t i o n a l  D i a b e t e s  F e d e r a t i o n ,  S t o c k h o l m  1967, 
whi le  in  r ece ip t  of S.L. S i r e  Memor ia l  T rave l l i ng  Fel low- 
ship.  

de l'urine. -- 5. Chez des sujets normaux la clearance 
r~nale de l'insuline dtait relativement constante sur une 
grande 4chelle de taux d'insuline sdrique, mais elle 
variait avee le poids du corps. Cependant des 6tudes 
pr~liminaires ont montr~ que pendant la grossesse, dens 
l'hypertension et les maladies vaseulaires p~riph~riques, 
routes caractdris6es par des taux blevds d'insuline s~rique, 
la clearance est diminu~e. Par centre dens l'acrom~galie 
la clearance est normale, alors que les taux de l'insuline 
sdrique et urinaire ~taient 61ev6s. Dens les maladies 
r~nales chroniques l'exer~tion urinaire de l'insuline ~tait 
t r~s  forte .  --  6. L a  d ~ t e r m i n a t i o n  d i ree te  de  l ' i n su l ine  
u r ina i r e  6 ta i t  r6al isable  ehez des d i ab6 t iques  t r a i t6s  g 
l ' insul ine ,  g cond i t i on  que la fonc t ion  r6nale  soit  n o r m a l e  ; 
on  a t r o u v 6  des an t i eo rps  an t i - insu l ine  dens  les u r ines  de 
ces d iabd t iques  s eu l emen t  lo rsqu ' i l  exis te  u n e  p ro t4 inur ie .  

Die radioimmunologische Bestimmung yon Insulin im 
Ham. 

Zusammenfassung. 1. I n  de r  vo r l i egenden  A r b e i t  w i rd  
eine M e t h o d e  z u m  I n s u l i n n a c h w e i s  i m  U r i n  m i t  e iner  
D o p p e I - A n t i k 6 r p e r m e t h o d e  i m  e inze inen  angegeben .  - -  
2. Die M e t h o d e  is t  spezifisch u n d  r ep roduz i e rba r .  Mensch-  
l iches Insu l in ,  das  d e m  U r i n  be igegeben  wurde ,  w i rd  
q u a n t i t a t i v  wieder  ge funden .  V e r d f i n n u n g  u n d  K o n z e n -  
t r i e r u n g  b e w i r k e n  p ropo r t i ona l e  ~_nderungen des gemes-  
senen  Insul ins .  - -  3. Ur in ,  der  f iber 24 S t u n d e n  bei  4~ 
g e h a l t e n  wurde ,  zeigte k e i n e n  Ver lus t  a n  u n t e r s u c h b a r e m  
I n s u l i n ;  w g h r e n d  n a e h  S t e h e n  in  t ~ a u m t e m p e r a t u r  ffir 
24 S t u n d e n  eine A b n a h m e  y o n  4 - - 2 3  % b e o b a c h t e t  
wurde .  U r i n p r o b e n  m i t  e inges te l l t em p H  y o n  7 .4- -8 .4 ,  
zen t r i fug ie r t  u n d  bei  - -20~  geha l t en ,  ze ig ten  bis  zu  
9 M o n a r c h  k e i n e n  Ver lus t .  Zusa t z  yon  A l b u m i n  in d e n  
TUrin, u m  die A d s o r p t i o n  y o n  I n s u l i n  a n  der  G l a s w a n d  zu  
verhf i t en ,  i s t  ffir u rmSt ig  b e f u n d e n  worden .  - -  4. V e r s u e h e  
der  e r s t en  A n t i k 6 r p e r - R e a k t i o n  zeigten,  dal3 die unspezi -  
fisehe M i t - P r g z i p i t a t i o n  y o n  r a d i o a k t i v e m  I n s u l i n  k le iner  
als 3.5 ~o wa r  u n d  d a b  die Zugabe  yon  N a t r i u m  u n d  Chlor id  
die I n s u l i n - S t a n d a r d k u r v e  n i e h t  v e r g n d e r n .  14ontroll-  
Reagenzg lgse r  m i t  l a l I -Meersehweinehen  G a m m a g l o b u l i n  
ze ig ten  e inen  o p t i m a l e n  zwei ten  A n t i k 6 r p e r  N iede r sch lag  
in  a l len U r i n v e r s u c h e n .  - -  5. Die  Nie ren-Clea ranee  yon  In -  
su l in  wa r  be i  n o r m a l e n  P e r s o n e n  f iber  e ine wei te  R e i h e  v o n  
S e r u m - I n s u l i n - W e r t e n  r e l a t i v  k o n s t a n t ,  abe r  va r i i e r t e  m i t  
der  KSrpergr613e. J e d o c h  h a b e n  v o r a u s g e h e n d e  S t u d i e n  
d a r a u f  h i n g e d e u t e t ,  dal3 die Clearance  r eduz i e r t  is t  wgh-  
r e n d  de r  Sehwangerseha f t ,  bei  h o h e m  B l u t d r u c k  u n d  
p e r i p h e r e n  v a s e u l g r e n  K r a n k h e i t e n ,  welche  alle cha rak -  
t e r i s i e r t  s ind  d u t c h  h o h e  Insu l inwer t e .  Daf i i r  war  die Clear- 
a n t e  be i  Akromega l i e  no rma l ,  d e n n  beide,  Serum-  u n d  
U r i n - I n s u l i n w e r t e  w a r e n  e rhSh t .  Bei  ch ron i s chen  Nieren-  
k r a n k h e i t e n  wa r  die I n s u l i n a u s s c h e i d u n g  i m  U r i n  sehr  
hoeh .  - -  6. D i r e k t e  Messung  y o n  U r i n - I n s u l i n  w a r  bei  
D i a b e t i k e m  aus f f ih rba r  die m i t  I n s u l i n  b e h a n d e I t  wurden ,  
vo rausgesehen ,  dal3 die N i e r e n f u n k t i o n  n o r m a l  w a r ;  in-  
su l i n -b indende  A n t i k 6 r p e r  w u r d e n  n u r  im U r i n  yon  Dia-  
b e t i k e r n  m i t  P r o t e i n u r i e  ge funden .  

Key-words : U r i n e  insul in ,  R a d i o i m m u n o a s s a y ,  Me thod ,  
M e a s u r e m e n t ,  Clearance,  K i d n e y ,  Cont ro l  Subjec t s ,  I n -  
s u l i n - t r e a t e d  d iabe t ics ,  Acromega ly ,  R e n a l  fai lure.  
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Immunoassay  techniques for the measurement of 
many  protein hormones are now well established, and 
recognised to be both specific and sensitive [1]. Almost 
every method has been directed towards measurement 
of these hormones in blood, and a great deal of in- 
formation has been obtained regarding the factors 
regulating their plasma concentrations [2]. However, 
a few reports have described the presence of protein 
hormones in urine [6, 7], a finding which is in accord 
with the demonstration of trace amounts of other 
proteins in normal urine [10]. The clearance of pro- 
teins into urine is inversely proportional to their 
molecular weight [4] and is governed mainly by glo- 
merular permeability, although tubular reabsorption 
of filtered protein does occur [4]. 

We have previously reported insulin levels in the 
urine of normal subjects [11], and in this paper we 
describe the application of the double antibody im- 
munoassay procedure to measurement of urine in- 
sulin, and some factors influencing its renal excretion. 

Material and Methods 

system with a subsequent 24 hour precipitation of the 
insulin ant ibody complex by a rabbit  anti-serum pre- 
pared against pure guinea-pig gamma-globulin (I~AGP 
y). The standard procedure for measuring urine in- 
sulin is outlined in Table 1. 

Insulin-binding antibodies in serum and urine were 
demonstrated using the ethanol precipitation proce- 
dure of W]~L~O~ et al. [15]. 

Results 

A. Applicability of the double antibody immunoassay 
to urine 

1. Dilution 

The method used allows for the assay of sample 
volumes up to 1.0 ml. Many urine specimens were 
measured over the range 0.1--1.0 ml and two repre- 
sentative experiments are shown in Fig. 1. The dilu- 
tions lie along a curve parallel to tha t  of human in- 
sulin standards. Further,  samples were often estimated 
at  two dilutions in the same assay with good agree- 
ment  between the two readings (Table 2). 

The double antibody immunoassay of insulin used 
was tha t  of WELBORX and FRASER [16] modified from 
MORGA~ and LAZAROW [8]. Twice reerystallized human 
insulin of potency 23.25 i .u./mg determined chromato- 
graphically by  the method of FENTO~ [3] (and kindly 
donated by the M. 1~.C. and Wellcome Laboratories) 
was used for standards and in recovery experiments. 

Table 1. Procedure for the preparation and assay of urine 
insulin by the double antibody immunoassay method 

Preliminary Preparation 
Keep at 4~ 
Adjust pI-I to 7.4--8.4 with concentrated ammonium 
hydroxide. 
Centrifuge at 4~ for 15 rain. at 2000 r.p.m. 
Decant supernatant and discard precipitate. 

First Antibody Reaction 
1.0 ml prepared urine sample (or standard insulin 
0.1 ml 12~I-instflin 
0.1 ml guinea-pig anti-insulin serum (diluted) 
Incubate at 4~ for 6 days. 

Second Antibody Reaction 
0.1 ml guinea-pig serum (diluted) q- 25 i.u. heparm 
0.1 ml rabbit anti-guinea-pig gamma-globulin serum (di- 
luted) 

Incubate at 4~ for 24 hours. 
Centrifuge at 4~ for 30 min. at 2000 r.p.m. 
Decant supernatant. 
Count precipitate and supernatant. 

Radioactive insulin, labelled with either z31I or 125I 
was obtained from the Radiochemieal Centre, Amers- 
ham and the guinea-pig anti-insulin serum (GPAI 
serum) fl'om the Welleome Laboratories. The assay 
involves a 6-day incubation of the first antibody 
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Fig. 1. Assay of two specimens of urine CA and B) in 
dilutions ranging from 1 in 10 to undiluted (i.e. 1.0 ml). 
The dilutions fall along straight lines 

2. Recoveries 
Human  insulin added to urine was fully recovered 

over a wide range of concentrations (Fig. 2). There 
was no evidence of rapid degradation of insulin, 
endogenous or exogenous, in voided urine kept at 
4~ for up to 24 hours (Fig. 2). 

3. pH Effect 
As preliminary tests revealed variable recovery 

and dilution effects with urines at low pH, aliquots 
of a sample of acid urine were adjusted to pH 's  be- 
tween 6.6 and 8.8 with concentrated ammonium 
hydroxide and subsequently assayed. The results 
indicate tha t  the percentage insulin bound to antibody 
was constant between p H  7.4 and 8.4 (Fig. 3). Further- 
more, the recovery of exogenous human insulin added 
to urine was complete when the assay was carried out 
in this p H  range. 
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4. Salt concentration 
The r e a c t i v i t y  of insul in an t ibodies  is inf luenced 

b y  the  concen t ra t ion  of var ious  ions, n o t a b l y  chloride,  
iodide  and  n i t r a t e  [5], and  th is  m a y  be pa r t i cu l a r ly  
i m p o r t a n t  where  r e l a t ive ly  large volumes  of sample  
are assayed  a t  the  expense  of the  d i lu t ing  buffer. The  
d i luent  in t he  a s say  is a bo ra t e  buffer, which has  a 
chlor ide concen t ra t ion  of 36 m E q / L .  I n  order  to  check 
the  sa l t  sens i t iv i ty  of the  a n t i b o d y  used  in our  la- 
bo ra to ry ,  ur ine  specimens wi th  ve ry  low sal t  concen- 
t r a t ions  (obta ined  f rom a pa t i en t  who h a d  been fas t ing 
for 10 days)  were assayed  in 1.0 ml  volumes  before 
and  af te r  the  add i t i on  of quant i t i es  of sod ium chlo- 
r ide  equ iva len t  to  t h a t  in 1.0 ml  of buffer. There  were 
no differences in the  final insul in results .  I n  a fur ther  
exper iment ,  38 and  77 m E q / L  of sod ium chloride were 
a d d e d  to  the  buffer w i thou t  affecting the  s t a n d a r d  
curve (Table 3). 

Table 2. Assay of urine samples at different dilutions. The 
values for non-specific co-precipitation of 125I-insulin (in 
control tubes set up without GPAI-serum) and for complet- 
eness of the second antibody reaction (in monitor tubes set 
up with lalI-guinea-pig gamma-globulin (lalI-GPy)) are 

included 

Non-specific za~I-GPy 
Urine Volume ~~ precipitation Insulin 
Sample Assayed co-precipitation (% of optimal (/~U/ml) 

(ml) (% precipitated) buffer value) 

insulin,  b u t  otherwise p repa red  as the  s t a n d a r d  assay  
tubes ,  have  also revea led  op t ima l  p rec ip i t a t ion  of the  

Heasumd 
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Insulin 
(pU/mO 

;/,O 

180 

120 

60 
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Fig. 2. Recovery of human insulin (10--200/tU/ml) added 
to urine and assayed immediately,  (e) and after s tanding 

at  4~ for 24 hours (o). 

EFFECT OF BRINE pH 6N INSULIN ASSAY 

4C I131-lnsutin 

3[ 

2C 

1 0.5 2.2 101 1.6 
1.0 3.3 103 1.5 10 

2 0.5 1.7 99 1.8 % 
1.0  2 . 4  1 03  t .  9 Precipitation ~, 131_ 6tobutin 

4 0.5 3.1 97 3.8 5 
1.0 2.9 103 3.6 

5 0.5 2.4 100 20.0 6'fi 7-0 74 7.8 8.2 66 R'O 
1.O 2.7 100 18.8 pH URINE 

6 0.5 3.0 97 32.0 Fig. 3. Effect of p i t  on first and second ant ibody reae- 
1.0 2.8 100 34.6 tions. The percentage z3zi-insulin precipi ta ted was con- 

s tant  between p i t  7.4 and 8.4, while the precipi tat ion of 
0.1 2.2 101 18.0 lalI-gamma-globulin (measured in monitor  tubes as an 

7 0.5 3.0 100 17.2 index of second ant ibody precipitation) was complete at  
1.0 2.6 101 18.4 all p H  values 

~ % 

Table 3. Failure of Sodium Chloride to Influence the Standard Insulin Curve 

Percentage z~6I-insulin precipitated 
(Insulin, /tlJ/ml) 

(0) (1.25) (2.5) (5.0) (lo.o) (20.0) 

Borate Buffer 70.2 61.6 54.9 42.6 31.2 21.1 
Borate Buffer ~ NaC1 (38 mEq/L)  71.2 62.6 54.9 41.8 31.2 19.6 
Borate B~fffer ~- NaC1 (77 mEq/L)  69.4 61.1 53.6 42.5 30.1 20.9 

5. Consistency of the second antibody reaction 
The above  tes t s  checking the  v a l i d i t y  and  repro-  

duc ib i l i t y  of the  a s say  have  impl ied  cons is ten t  per-  
fo rmance  of bo th  the  first and  second a n t i b o d y  reac- 
t ions  when app l ied  to  urine.  Moni tor  tubes  conta in ing  
l~ I -gu inea -p ig  gamma-g lobu l in  (GP 7) ins t ead  of 131I- 

second a n t i b o d y  in over  100 ur ine  specimens,  inc luding 
samples  concen t ra t ed  8-fold (Table 2). The  s t a n d a r d  
p rocedure  includes  the  add i t i on  of hepar in  (25 i .u .  
being a d d e d  to each tube  wi th  the  second a n t i b o d y  
reagents) ,  w i thou t  which incomple te  p rec ip i t a t ion  has  
somet imes  been observed.  The usefulness of the  ad- 



456 A.H. I~UBENSTEIN et al. : ]~adioimmunoassay of Insulin in Urine Diabetologia 

dition of heparin has already been reported with serum 
[16]. Complete precipitation was observed over the 
range of p H  and salt concentration required for the 
first antibody reaction (Fig. 3). 

6. Non-specific co-precipitation of labelled insulin. 
Non-specific precipitation of radioactive insulin 

by RAGP T serum in urine samples set up without in- 
sulin antibodies was never greater than 3.5% (Table 2) 
even in specimens concentrated 40-fold. 

7. Collection, storage and preparation of urine for 
assay 

a) Addition of albumin. To test whether this was 
necessary, urine was collected in plain glass bottles 
and after the removal of control aliquots, crystalline 
bovine albumin (Fraction 5 of Armour Pharmaceutical  
Co.) was added to a concentration of 1%. The levels 
of insulin assayed were similar before and after the 
addition of albumin. (Fig. 4). In  further experiments 
albumin was added to containers prior to the collec- 
tion of urine, but  again no difference was observed 
between these results and those of aliquots of the 
same urines passed directly into bottles containing no 
albumin. 

2~0 EFFECT OF ADDED ALBUMIN ON URINE INSULIN 
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Fig. 4. Assay of urine samples before and after the 
addition of crystalline bovine albumin (Fraction V) 

c) Concentration of urine. Although the majori ty 
of urines contain sufficient insulin to be directly mea- 
sured by  this assay technique, samples too dilute for 
the method are occasionally encountered. A number 
of methods for concentrating urine have been evaluat- 
ed. :Benzoic acid precipitation resulted in losses of 
up to 80%, while precipitation by  ethanol or RAGPT- 
serum after the addition of excess insulin antibody 
(and subsequent acid-ethanol extraction) is prohibi- 
t ively expensive. Large volumes of urine (300--500 
ml) m a y  be conveniently concentrated in a rotary  
vacuum evaporator with insulin recoveries of up to 
70--90%. Smaller volumes can be handled in Visking 
tubing of porosity 18/32 utilizing carbowax as the 
hygroscopic agent. Recoveries with this latter proce- 
dure ranged between 60--90% (Table 5), which is 
similar to results obtained after dialysing urine with- 
out concentration [6]. 

B. Significance of the rate of urinary excretion of 
insulin 

1. Renal clearance in normal subjects at various serum 
insulin levels 

Four volunteers were given 50 g of glucose per 
hour orally and blood and urine samples were collected 

Table 5. Iqnmunoassay of Insulin in Urine before and after 
Concentration in Visking tubing (18/32). Carbowax was 

used outside the tubing as the hygroscopic agent 

Volume after  Insulin Assayed 
Sample coneelltration (total/zU/sample) Percentage 

(ml) Before con- After con- :Keeovery 
centration eentration 

lo76 71% 
113o 7 ~ %  
968 6 4 %  

856 84% 
972 96 ~o 
754 74% 

A1 -- 1520 
(lOOml) 

2 56 
3 41 
4 22 

B 1 -- 1016 
(80 ml) 

2 34 
3 27 
4 13 

Assayable Insulin 

Percent change 
in stored samples 
(mean and range) 

Table 4. Effects of Storage of Urine on its 

No. of Initial  insulin 
samples concentration (/~V/ml) 

(mean and  range) 

4 11.7 (1.4--18.0) -- 12.4 (3.9 t o -  23.3) 

9 1 5 . 7  ( 4 . 3 - - 5 3 . 0 )  

Storage Conditions 

24 hours at room 
temperature 

3--9 months storage 
in deep freeze 

+4.0  (--20 to -t- 25.6) 

b) Stability of urine insulin. No decrease in insulin 
recoveries was observed in samples stored at 4~ for 
24 hours. Standing at  room temperature for 24 hours 
resulted in losses of up to 25% in immunoassayable 
insulin (Table 4). Urines were stored at  --20~ in 
plain bottles for 9 months with no decrease in mea- 
surable insulin (Table 4). 

over a number of hours. There was an initial fall in 
the insulin clearance as the serum level rapidly rose, 
followed by  a return of the clearance to basal levels. 
The range of insulin clearance in these subjects was 
0.15--0.5 ml/min, and remained relatively constant 
despite an increase in the serum insulin concentration 
of 3-to 20-fold (Fig. 5). 
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2. The effect of body size 
The preceding experiments show that, in any one 

individual, varying serum levels of insulin are re- 
flected in corresponding changes in urinary excretion 
of the hormone. Elsewhere [11] we have shown that  
the urinary excretion of insulin in normal subjects 
also varies with body size, probably because renal 
clearance is influenced by this parameter. Therefore 
serum insulin concentration should correlate best with 
the urinary excretion of insulin corrected for body 
size, for which purpose urinary insulin/rag creatinine 
or per hr/kg body weight were better corrections than 
urinary albumin or body surface area [11]. In  normal 
subjects during a 2-hour glucose tolerance test, the 
insulin clearance ranged from 0.23--0.87 m]/min with 
a mean value of 0.42 ml/min [11]. In  these same nor- 
real subjects the mean ratio of the insulin clearance to 
the creatinine clearance was 3.90 • 10 -3 (range 1.64 • 
10 -3 to 7.17 • 10 -a) and the mean insulin clearance/ 
70 kg body weight was 0.48 ml/min (range 0.27 to 
0.87). 

INSULIN CLEARANCE AT VARYING SERUM LEVELS 

SUBJECT L C. G. M. [ B u s o l  I 
O.6' [ ]Pos t  Glucose 
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INSULIN 

CLEARANCE 
rnll rain 

02-  

O 
SERUM 

INSULIN LEVEL 
]JU/ml 

11 
25 480 16 135 23 190 17 318 

Fig. 5. Insulin clearances in four healthy volunteers under 
basM conditions and following oral glucose administra- 
tion. The mean clearance value for each subject is derived 
from 6 to 10 clearance periods of 30--40 minutes duration 

3. Some conditions where the renal clearance of in- 
sulin is abnormal 

Clearly renal disease is likely to be associated with 
abnormal insulin clearance, and some assessment of 
renal function must always be made when urinary 
insulin is being studied. In  patients suffering from 
chronic renal disease, with a severe reduction in crea- 
tinine clearance, the urine insulin excretion and the 
insulin clearance were markedly raised. To assess 
whether the insulin clearance would be normal in 
conditions associated with high serum insulin levels, 
studies were carried out in 8 acromegalies. In  this 
group both the serum and urine insulin were raised 
and the clearances were normal (Fig. 6). 

However, in some other conditions with raised 
serum insulin levels, unexpected abnormalities of in- 
sulin clearance were encountered (Fig. 6). As reported 
elsewhere [13], the fourfold rise in serum insulin levels 
during the third trimester of pregnancy is aceom- 

panied by urine insulin values within the normal 
range. The insulin clearances were thus lower than in 
the normal group, although the simultaneously mea- 
sured ereatinine clearances showed the expected rise. 
The pattern in patients with hypertension and peri- 
pheral vascular disease was essentially similar to that  
found in pregnancy, although the creatinine clearance 
was usually normal or slightly reduced. Further 
studies are in progress to clarify these abnormalities. 
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Fig. 6. S e r u m  a n d  u r ine  insu l in  va lues  a n d  insu l in  clear-  
ances  in various conditions. The mean and 1 S.D. in 
normal subjects [11] is shown. The vertical axis has a 

logarithmic scale 

4. Urinary insulin in insulin-treated diabetics 
The measurement of insulin in the urine of diabetic 

subjects receiving exogenous insulin may prove to be 
a valuable reflection of non-antibody-bound (and 
therefore active) hormone in these subjects. The nor- 
mal glomerulus is relatively impermeable to the large 
gamma-globulin insulin antibodies, and thus pre- 
dominantly unbound insulin would be filtered. As 
plasma levels of insulin are not easily measurable by 
immunoassay in these patients [1], urine insulin 
would provide a useful alternative. Antibody binding 
of ~sI-insulin in serum and urine was measured by 
ethanol precipitation in 20 insulin-requiring diabetics. 
Blood and urine samples were collected after an over- 
night fast and before the injection of the morning dose 
of insulin. Urine protein was estimated using albustixL 

1 Ames Company, Stokes Poges, Slough, Bucks., 
England. 
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The results indicate a good correlation between pro- 
teinuria and the presence of insulin binding anti- 
bodies in the urine (Fig. 7), and thus it should be 
feasible to measure urine insulin in insulin-treated 
diabetics who do not show protcinm'ia. 
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Fig. 7. Binding of l~sI-insulin in serum and urine of 
control and diabetio subjects as determined by ethanol 

precipitation 

Discussion 

Various modifications of the double ant ibody 
immunoassay procedure have been used for estima- 
tion of serum insulin. The predominant problem has 
been impaired precipitation of the insulin antibody 
complex during the second-antibody reaction, with 
resultant spuriously high values [16]. This has been 
circumvented by  prolonged incubation [12] and by  
the addition of E .D.T .A.  [9] or heparin [16] and the 
results are now comparable to those obtained by 
chromato-electrophoresis. Application of these prin- 
ciples and safeguards has enabled us to obtain a re- 
producible, specific and sensitive method for measure- 
ment  of urinary insulin. Dilutional curves and reco- 
veries of added insulin indicate that  the substance 
measured behaves similarly to standards of crystalline 
human insulin and immunologically reactive serum 
insulin. I t  needs emphasis tha t  while the experiments 
reported here have established tha t  this double anti- 
body immunoassay of insulin can be used for urine, 
it may  not follow tha t  other types of immunoassay 
are also applicable to urine without hazard of arte- 
facts. Indeed, since urine is much more variable in 
osmolarfty and electrolyte content than  serum, it 
may  be tha t  the single antibody procedure in which 
the free and unbound insulin are separated by  ehro- 
mato-electrophoresis will prove to be more unreliable 
than the double antibody procedure in these circum- 
stances. 

Because of the known sensitivity of some insulin 
antibodies to different chloride concentrations [5], it 
is important  to use an ant ibody which is fully reactive 

at the relatively low ion concentrations tha t  may  be 
encountered in dilute urines. Alternatively, sodium 
chloride should be added to all specimens to ensure 
an optimal concentration. In  the initial experiments, 
impairment  of second-antibody precipitation was ob- 
served in concentrated and acid specimens of urine, 
but  this has been overcome by our recommended p i t  
adjustment  and centrifugation. 

Insulin in urine is stable when stored at  4~ for 
periods of up to 24 hours and this facilitates the use 
of the assay for routinely collected samples. Although 
J~I~GEI~S]~N [6] has added bovine albumin to the con- 
tainer in which urine was collected in order to prevent 
loss of insulin onto the glass, our experiments indicate 
tha t  this is unnecessary. The addition of albumin to 
the bottle did not result in higher measured values 
of insulin, and there was complete recovery of human 
insulin added to urine samples standing in glass con- 
taincrs for 24 hours. I t  seems most likely tha t  urinary 
insulin is protected by  the small amount  of albumin 
and mueoproteins present. All samples are now stored 
at 4~ for up to 24 hours until processed. The p i t  is 
then ad]usted to 7 . 4 -  8.4 and the sample is centrifuged; 
the decanted supernatent can then be deep frozen at  
--2O~ 

Although the majori ty  of urine samples can be 
measured directly with the range of volumes available 
for this assay, occasional specimens are too dilute. Of 
a number of methods for concentrating urine which 
have been evaluated, none is entirely satisfactory. 
Concentration through Visking tubing or under va- 
cuum in a rotary  evaporator resulted in recoveries of 
70--90%, but  the other methods tried proved inferior. 

The independence of renal clearance from the 
serum concentration of insulin in normal subjects 
fortunately gives a good prospect for assessing insu- 
lin secretory function from urinary insulin studies. 
The urinary excretion rate should be corrected for 
body size in order to give the closest reflection of the 
serum insulin, and we have found tha t  expressing the 
insulin value in terms of kilograms of body weight or 
milligrams of ereatinine is satisfactory. 

As noted elsewhere [11], the insulin clearances 
derived during a standard 2 hour 50g oral glucose 
tolerance test  (GTT) in 28 normal subjects are within 
the same range as those obtained under basal condi- 
tions; thus the mean insulin excretion rate during the 
2 hours of the GTT is a useful index of a subject 's 
secretory response to glucose. 

Clearly the interpretation of urinary insulin values 
must  always be made in the light of an appraisal of the 
subject 's renal clearance of insulin. Indeed our studies 
suggest tha t  the interpretation of seIum insulin values 
should be similarly cautious unless renal function is 
known to be normal. The mechanisms underlying the 
abnormal insulin clearances in pregnancy, chronic 
renal failure, hypertension and peripheral vascular 
disease are not clear, and must  await more detailed 
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knowledge of insulin excretion by the normal kidney. 
Although alteration in renal function may account for 
the findings, it is also possible that  serum insulin may 
be protein-bound or polymerized to differing degrees 
in some of the above conditions. This would result in 
a fall of filtered insulin and low clearances. I t  is inter- 
esting that  low clearances occur in severM condi- 
tions characterized by high serum insulin levels, and 
increased incidence of impaired glucose tolerance and 
"insulin resistance" [13, 14]. If  only a part of the 
measured serum insulin, in equilibrium with a bound 
fraction, was available for glomerular filtration and 
passage out of the vascular compartment, it would 
provide an explanation for the normal glucose toler- 
ance and absence of hypoglycaemia in these subjects. 

The immunoassay of urinary insulin seems likely 
to be practicable in insulin-treated diabetics, a group 
of patients in whom serum insulin has not proved 
easily measurable hitherto. Unmodified immunoassay 
methods cannot be used for the direct measurement 
of insulin in the blood of patients who have previously 
been treated with insulin for longer than a few weeks 
[1]. Insulin-binding antibodies in their blood compete 
with the assay's antibody for the labelled insulin, and 
as the human antibody is not precipitated by the 
gAGPy-serum , spuriously high values for serum in- 
sulin result. J0~GE~SEN [6] measured urinary insulin 
in diabetic patients receiving parental insulin and 
found that  the daily excretion of insulin was similar 
to normal subjects. However his patients were being 
treated with insulin for the first time when the mea- 
surements were carried out, and would not be expected 
to have insulin-binding antibodies in their blood. I t  
was therefore important to establish whether diabetics 
with serum insulin-binding antibodies excreted insu- 
lin in their urine, and whether the gamma-globulin 
antibody was present in urine in concentrations which 
would invalidate the assay. The results using ethanol 
precipitation showed no increase in binding of labelled 
insulin in urine obtained from diabetics with normal 
renal function. As might be anticipated, insulin anti- 
bodies were present in urine eontMning protein and 
there was a rough correlation between the degree of 
proteinuria and insulin binding. The feasibility of 
measuring insulin in the urine of insulin-requiring 
diabetics opens up possibilites of studying diabetic 
control, estimating effective insulin reaching the extra- 
vascular compartment, noting the time course of 
release of injected long-acting insulins and deter- 
mining those factors and events which may influence 
antibody-binding of insulin, such as infections and 
steroids. 
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