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A B S T R A C T 

T h e purpose of this w o r k was to obtain a radioimmunoassay that w o u l d be suff iciently accurate and precise t o 
provide a suitable means of determining human g r o w t h hormone ( h G H ) in both extracts and physiological fluids fo r 
specific research purposes rather than for routine clinical assays where the labelled products could be used as long as 
pou ib le T h e o n l y technique found that J » u l d satisfy these requirements was polycry lamide gel electrophoresis ( P A G E ) 
though in some respects it is more laborious than other techniques B y introducing some modifications to the original 
method of Davis it was possible w i t h 11 c m tubes to separate the free the ant ibody bound and the damaged labelled 
antigen on the same gel T h e method being able to detect separately and independently these three components and t o 
give a bether control of the analytically dangerous damaged antigens furnished accurate and reproducible curves A n 
example of a determination is the one on K A B I Crescormon w h i c h compares the results obtained w i t h the present 
technique w i t h those presented b y another laboratory Thanlcs to the method the labelled antigen could be used for up 
to one m o n t h after w h i c h re-purif ication o n Sephadex enabled the same labelled product t o be used prof i tably for t w o 
more months Parallel t o this w o r k a study has been per formed on the various components originating in this so-called 
process of damaging and particular importance has been given to a more precise knowledge of the amount of 
antigen in terms of mass present in an assay 

I n setting up this radio immunoassay technique w h i c h had to be applicable t o the determinat ion 

o f human hormone ( h G H ) in extracts and in physiological f luids there we re three m a m requirements 

1) T h e determinat ion had to prov ide accurate and absolute values (an absolute w h i c h is 

of course relative t o the reference laboratories using the same standard T h e d i f f i cu l ty 

in achieving this has already laboratories using the same standard T h e d i f f i cu l ty this has 

already been ment ioned*^ ^ ' 

2) T h e determinat ion of tmund t o free rat io ( B / F ) had to be v e r y precise and as free as 

possible f r o m misclassificatiori errors due t o over lap or Incomplete separation o f the 

free antigen f r o m the antigen ant ibody complex and f r o m the so-called 'damaged 

antigen the three components normal ly involved in this assay 

1 Repr int f r o m Radioimmunoassay and Related Procedures in Medicina 1977 - V o l I International A t o m i c 
| , Energy A g e n c y - V ienna 1978 
I A P R O V A D O P A R A P U B L I C A Ç Ã O E M J U L H O / 1 9 7 8 



3) Use of the labelled hormone ( ' " i h G H ) had to be prolonged as much as possible, 
w i thou t affecting too much the accuracy precision and sensit iv i ty, so that the technique 
wou ld be less dependent on regular shipments o f * * ' l and w o u l d not involve new 
labelling and stardardizat ion procedures every week or second week 

O n l y po lycry lamide gel electrophoresis ( P A G E ) could in o u r op in ion satsify these requirements 
though It was in some respects more laborious than other techniques T h e sample containing antigen, 
antigen ant ibody complex and always a certain amount of the damaged antigen was added in gel 
po lymer ized o n top of the separation gel according to a modi f i ca t ion '^* o f the original method o f 
D a v i s ' ^ ' Separat ion of the free h G H (wh ich moves ahead close t o the tracking dye) f r o m the complex 
w i t h the ant ibody just entering the f i rst part of the separation gel and f r o m the damaged trapped in the 
po lymer i zed sample gel was per formed in 8 cm or better 11 cm gel tubes T h e gel was cut w i t h a gel 
sheer segments 0 5 or 0 7 c m long and the radioact iv i ty was measured in a we l l t ype gamma counter 
(F igure 1) 
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Figure 1 - Polyacry lamide Ge l Efectrophoresis using 11-cm Long T u b e s and 5% Ac ry lam ide Separat ion 
Ge l (a) Pur i f ied Labelled H o r m o n e ( Incubat ion Blank) (b) T h e same Incubated w i t h 
A n t i b o d y at a D i lu t ion o f 1 10^ 
D = damaged antigen B = antigen bound t o an t ibody F = free antigen 

F o r the f i rst requirement the technique was tested o n a h G H preparat ion of declared 
immunoact iv i ty determined m another latraratory using the same standard ( W H O h G H 1'^ I R P 66/217 
f o r immunoassay) but w i t h à d i f ferent separation technique F o r clinical use K A B I Crescormon was 
chosen w i t h an act iv i ty (4 lU /ampou le 2 l U / m g ) that had been determined b y the double-ant ibody 
method in the K A B I Laborator ies o f S t o c k h o l m ' ^ ' T h e technique presented here had t w o def ini te 
advantages over the K A B I method the possibi l i ty o f a separate independent detect ion o f the three peaks 
involved (ant igen, comp lex and d a m p e d antigen) and n o need a second ant ibody w h i c h as already 
stated cou ld introduce a factor o f uncer ta in ty in the determinat ion itself^^' 

Before running the radioimmunoassay the same P A G E technique was used to determine the 
opt imal an t ibody d i lu t ion f o r the assay the detect ion range and the senslvi ty o f the method O n e of the 
curves produced by t h e present technique is s h o w n in F igure 2 , and results o f determinat ions carr ied o u t 
w i t h It o n K A B I Crescormon are presented in Tab le I 

A f t e r this the exact amount in terms o f mass (picograms) o f labelled antigen present in each 
incubat ion was determined under the pre f ixed assay condi t ions T h i s parameter w h i c h is seldom 
ment ioned m the l iterature but whose importance cannot be o v e r l o o k e d ' ^ ^ especialty for compar ing 
di f ferent labellings, was determined b y a me thod based on the w o r k o f Berson et al T h e values wwe 
then compared w i t h those obtained b y the method used b y G r e e n w o o d et al A curve, like the one 
in Ref was used t o calculate the amount in picograms of labelled h G H that was present In each 
incubat ion O f course the same pur i f ied h G H fo r the labelling ( in ou r case NIH R G H MS 2002 P ) had to 
be used fo r the standard curve Instead o f checking the overlaping of the two curves, we used the 
standard curve t o calculate d i rect ly the amount o f " ' I h G H present (Figure3), finding this me thod 

j n o r e reproducible than the one based o n the moni tor ing of rad ioact iv i ty at each step in t he Itbelling 
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Figure 2 - Exampie o f Radioimmunoiogical Determinat ion usmg P A G E as a B-F Separat ion Sys tem 
F o r the Standard Curve . W H O h G H l " I R P 66/217 wes used fo r Inrjmunoassay T h e t v w 
Di lut ions Correspond t o Exper imen t N o 1 Teb ie I 

T a b l e I 

Radioimmunoassay Determinat ions o n Kabi Crescormon 

Exper imen t 

N o 

Stated 
Content 
(ng/ml) 

F o u n d 
Content 
(ng/ml ) 

l U / m g 

1 
• 

2 5 
10 00 

2 5 0 
10 60 

2 0 0 
2 1 2 

2 6 0 5 3 0 2 1 2 

3 5 0 5 6 0 2 24 

4 2 0 
4 0 
8 0 

2 4 0 2 4 0 
4 35 2 17 
8 4 0 2 1 0 

average 2 1 2 5 
S D ± 0 1 2 6 7 
S E 1 0 0479 
f iducial l imits ( P » 0 9 5 ) 

2 008 - 2 242 



ajxJ f>urtfiiC9tiQn TIV>iM9t) * l » ^ y e r ^ e volMe o f 64 pg per Incubation fomà b y this method is o f the same 
Ardflir Oif magnitmUe as Hißt fmm^ by lUbe o ther a^pproach it is still not in good agrmment 

X hGH 

4X ^^h-hGH 

pg (absolute) 
10 0 ng/ml 

F f g u r e S - Determinat ion o f ti ie A m o u n t of ' * * l i i G H in T e r m s o f Mass Present in a Rad lo immuno 
assay Sample T h e Curve was Pre-constructed using Var ious A m o u n t s o f the same h G H that 
was used for the Labelling ( X = 64 pg Average) 

These results were obtained w i t h a v e r y newly labelled antigen T h e possibility o f extending the 
application of the same ' ^ ' l h G H to subsequent assays fo r a certain t ime w i thou t the need of a new 
labelling reaction depended mainly on the behaviour of the damaged antigen and o n the possibil i ty o f 
avoiding Its interference in the calculation o f B /F Here again the P A G E technique proved t o be one of 
the best tools available offering the possibil ity for separating and at the same t ime studying the 
behaviour o f a certain unl^nown component 

It IS known that w h e n a good labelled antigen has been used for about a mon th or even less 
that the damaged antigen wh i ch in our P A G E technique is trapped in the sample gel increases t o values 
higher than 20% of the total and creates problems in the tradit ional assays In ou r case the f irst posit ive 
approach was to repeat the same purif icat ion procedure on Sephadex G 75 as is carried ou t after the 
labelling T h i s re-purif ication produced exact ly the same peaks as those obtained after the f irst pessage 
wh ich we have called PI Pl l P i l l and P I V T h e identi ty o f on l y t w o o f these Is k n o w n for sure Pl l 
wh ich is undamaged h G H and P I V wh ich is undoubtedly free iodide (F igure 4) T h e re-purif ied antigen 
was o f course at a higher d i lut ion (about 1 10 w i t h respect to the f i rst passage) but this d id not affect 
the assay technique in eny w a y since the labelled antigen was used at a much higher d i lu t ion (1 100 or 
higher) What was important was that the specific act iv i ty ( in nCi/fig of "^1 h G H ) had no t changed 
except fo r the obvious decay of the '^^1 T h e capacity of binding t o the ant ibody and consequent ly 
the various assay parameters based o n a certain ant ibody di lut ion did not change In fact, a second 
purif icat ion one mon th after the lebelling at the seme ant ibody d i lu t ion gave the same B/F but w i t h a 

- l i t t l e less " * l h G H act iv i ty in counts/min A f t e r the second pur i f icat ion, the amount of damaged 
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F i g u r e s - Electropi ioretograms o n P A G E of (a) P i l one IMontii after Labelling (b) R P i i Immediateiy 
after Re puri f icat ion (c) R Pi l t w o Months after Re puri f icat ion 

More recently t w o other types o f controls have been introduced into the assay technique 
Together w i t h the blanl( o f labelled h G H (incubated simply w i t h buffer and guinea pig serum and 
w i thout ant ibody) a second control is run in w h i c h a large excess of standard h G H is added t o 
the already pre^letermined ant ibody di lut ion T h i s gaves informat ion about the m in imum B/F w e 
are work ing w i t h conf i rms the amount of free and displaceable ' ^ ' l h G H and consequent ly 
reveals the presence of wha t has been called unspecific binding T h i s last contro l is ve r y valuable 
especially in the determinat ion o f h G H in serum and in the evaluation of h G H treatment and w e intend 
to investigate its use more thorough ly 

W e have recent ly developed and are still studying a more systematic approach t o the prob lem 
of damaged antigen T h e four peaks (PI P l l P i l l P I V ) f r o m the first puri f icat ion on Sephadex run o n 
P A G E give the results such as shown in Figure 6 A s can be seem fou r electrophoret ic peaks can 
appear but t hey do not necessarily correspond to the four Sephadex peaks T h e first one in the sample 
gel that had always been considered the o n l y one representing damaged h G H w e have called D1 T h e 
second one in the posit ion o f the undamaged h G H also appears, strengly enough in a prediminant 
amount in the electrophoretogram of PI Later it was shown that the incubation o f PI w i t h an «xcess o f 
ant ibody (1 1 0 ' ) presented, o n electrophoresis practically no binding of this f a k e undamaged antigen 
whereas the incubation o f P l l under the same condit ions gave almost complete binding ( F i g u r e ? ) T h i s 
led us to call it D 2 t o distinguish it f r o m the pure electrophoret ic peak that is in the same posit ion and 
that, coming f r o m Pi t , is certainly good undamaged ' ^ ' i h G H T h e th i rd Sephadex peak ( P i l l ) , though 
ve ry small and practically non interfering was constant ly f ound after puri f icat ion and re pur i f icat ion 
T h e application of a large vo lume of this low act iv i ty material gave rise t o a th i rd peak o n P A G E w h i c h 
w e have called D 3 and w h i c h moved togheter w i t h the tracking d y e whereas h G H and D 2 were a lways 
t w o segments behind Free ' ^ ' l appearing as P I V o n Sephadex always gave a band on P A G E that was 
t w o segments ahead of the tracking dye and Is the o n l y component that does not create problems in 
terms of its identif lcetton and exclusion A source on uncerta inty coukl however be the behaviour o f 
di f ferent shipments o f Na ' ' ' I In fact o f t w o tots o f Na ' ' * I received in t w o di f ferent months one 
showed a small peak (about 5% on the total radioact iv i ty) in the D1 posit ion whereas the other l ike 
peek I V o f Na " * l puri f ied o n Sephadex did not show any radioactive component in the sample gel 
( F i g u r e s ) 

A fur ther characteristic of these fractions in that w i t h or w i thou t pur i f icat ion, w i t h or w i t h o u t 
thawing whether stored at 4 or at -20°C the process of damaging consistently occurs w i t h l iberation o f 

J r e e iodide T h e transformations o f these samples w i t h t ime fo l lowed on P A G E end the last 

l i i t i g e n was insignificant and it was stili lower t l ian 10% after t w o monti is of prof i tebie use f r o m 
tfie t ime of re pur i f icet ion (F igure 5) 
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Figura 6 - A Comparlaon of PAGE Electrophoretograms of the various Peaks f rom Sephadex Immedia 
tely after Labelling end two Months Later 
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Figure 7 - Detectiort of the Immuno-lnactivity of the Apparently Undamaged D2 
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Figures - Detection of the Presence of a Kind of Impurity in Certain Shipments of ' * ' l that Affected 
D1 Position 
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D I S C U S S I O N 

P G M A L A N Have y o u considered incorporat ing free radical inhibitors in the storage med ium 
of y o u r labelled samples? In our laboratory we have f o u n d that substances w h i c h are capable of 
removing f ree radicals can protect labelled prote in and peptide hormones dur ing storage for periods o f 
up several months It is assumed that the radioactive decay produces free radicals w h i c h may cause 
coupl ing via the o r tho positions o f t w o t y r o s y l residues t o y ie ld a b i t y rosy l residue either w i t h in the 
prote in or al ternat ively between di f ferent molecules w h i c h are then exc luded f r o m gel f i l t rat ion 
co lumns 

P B A R T O L I N I N o we d id not consider this possibi l i ty but w e w o u l d like to test this t y p e o f 
inhibi tor In fact w e are still in doubt whe ther the damaging process is due t o chemical enzymat i c or 
radioactive effects A posit ive act ion o f the free radical inhibitors w o u l d of course indicate the presence 
o f such radicals. 

K v o n W E R D E R F o u r years ago at the sympos ium o n the same subject held in Istambul w e 
reported some studies similar to you rs A t that t ime we described three d i f ferent peaks o f labelled h G H 
t w o eluting o n a Sephadex G 75 co lumn before ' ^ ' l h G H and the th i rd being ' ^ ' l h G H W e f ound as 
y o u have f o u n d in one o f y o u r labelled fract ions that all the labelled products — the so called damaged 
h G H and perhaps the labelled big h G H - we re bound b y our an t ibody but that this binding cou ld not 
be inhibi ted o r could be inhibited o n l y inef fect ively b y increasing doses o f unialwtted h G H T h i s 
incidental ly explains the reduced steepness standard curve if the larger molecular f ract ions are 
incorporated in the tracer used f o r the R I A D i d y o u investigate whether y o u r larger fract ions w h i c h 
bound t o the h G H an t ibody could be displaced b y the addi t ion o f co ld hormone? 

P B A R T O L I N I W e f ound o n l y slight binding (perhaps 10% or less) t o an t ibody in the case o f 
the so-called damaged f ract ion f r o m Sephadex It is o n l y P l l ( the undamaged " * l h G H ) w h i c h binds 
almost comple te ly to the ant ibody whi le PI binds v e r y little at the same excess I t h ink it w o u l d be 
interesting t o ca r ry ou t the test y o u ment ion o n this partial binding and t o see if it is displaceable W e 
have per fo rmed the test o n var ious occasions but o n l y t o check displacement o n bound undamaged 

" f ract ions 

•e lect rophoretograms obtained t w o months after labelling are shown in F igure 6 O n l y P i l l is unaltered 
but a better determinat ion of its rate of mob i l i t y (R^^ ) is needed A quant i tat ion o f this phenomenon 
fo r P l l gave more than 50% of the radioact iv i ty l iberated as free iodide even t w o months after the 
labelling 

W i t h regard to the other components one could guess that D1 is an aggregate (as has been 
ment ioned b y several authors) and not s imply ' ^ ' l h G H bound to gamma globul ins because it w o u l d 
enter then the separation gel as does the complex that D 2 is uncleaved but immuno inactive antigen (or 
even something cleaved but carried b y albumin) and that D 3 are small f ragments of labelled o f peptides 
o r amino acids but no other test has ye t been per formed in our laboratory to ident i fy them O n l y the 
other cont ro l was done w h i c h m fact is done regular ly in every assay namely the incubat ion not o n l y 
of a blank o f ' ^ ' l h G H w i t hou t ant ibody but also of the same amount of labelled antigen w i t h an 
excess of an t ibody T h i s is done to ensure that the assay is carried ou t in the absence of significant 

hidden D 2 if such is present t o evaluate it so that its effect m a y be subtracted Fu r the r w o r k is 
being done to t r y to better determine the moment and reason fo r the product ion of this D2 T h e r e Is 
some hint that the relat ively long Sephadex co lumn used to according to Cerasi et al might have 
some inf luence o n its fo rmat ion 

T h u s requi rement*" " o f the radioimmunoassay technique has practical ly been reached th rough 
re pur i f icat ion o f the labelled antigen or by complete separation o n gel o f the interfering components or 
b y bo th procedures In this w a y the same labelled preparat ion has been used for up to four months and 
has still g iven good reproducib le curves 
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P V I T I N S W e can con f i rm the appearance o f free iodide w i t h t ime in radioiodinated g r o w t h 
hormone Have y o u fo l lowed this phenomenon to determine whether is linear w i t h t ime? W o u l d y o u 
ca re to speculate whether the radioact iv i ty observed is f r o m a degradation product or f r o m 
non specif ically bound iodine w h i c h has been dissociated f r o m the hormone? 

P B A R T O L I N I W e did not check the l ineari ty of this phenomenon w i t h t ime a l though w e 
observed that iodine release was cont inuous and increased in f ive or six months t o 80% or more o f the 
total radioact iv i ty 

i 

I w o u l d be surpriese t o f ind non specif ically bound iodine though I cannot a pr ior i exc lude this 
possibi l i ty In fact P A G E has always separated free iodide after incubat ion in the presence on guinea pig 
serum or even cold h G H carrier Moreover the release o f ' ^ ' l is always accompanied b y the appearance 
of o ther damaged components w h i c h should not occur in the case of simple dissociation o f 
unspecif ical ly bound iodine 
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