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enzyme systems has not yet been determined. 
Summary. Administration of nikethamide 

or phenobarbital to rats increases the rate of 
degradation of the organophosphorus insecti- 
cide, EYN, by a microsomal oxidase system 
in the liver. Induction of the activity of this 
system by nikethamide provides a possible 
explanation for the previously demonstrated 
ability of this drug to decrease the suscepti- 
bility of animals to the acute toxicity of EPN. 
I n  the present study there was good correla- 
tion between the extent of increase in activity 
of the detoxification enzyme system by nike- 
thamide and phenobarbital and the ability of 
these compounds to reduce the acute toxicity 
of EPN to rats with phenobarbital being 
superior to nikethamide in both respects. 
I t  appears that the microsomal enzyme sys- 
tem that catalyzes the degradation of EPX 

to p-nitrophenol provides a practical means 
of testing various chemical agents for ability 
to induce synthesis of microsomal enzyme 
activity. 
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Human Growth Hormone Immunoassay : Two-Antibody Method 
Using 1-125 Tracer.* (30698) 
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Methods for immunoassay of human 
growth hormone using an  1-131 tracer have 
been reported( 1,2). Experience with insulin 
immunoassay by the 2-antibody technique 
has demonstrated that this procedure can be 
conveniently and reliably used (3-7). The 
present report describes a two-antibody pro- 
cedure for immunoassay of human growth 
hormone utilizing a commercially prepared 
1-125 human growth hormone tracer. 

Materials and me.thods. Each of 6 rabbits 
received a subcutaneous injection of 1 mg of 
human growth hormonet (HGH) on days 0, 

*This investigation was supported in part by 
,4m. Cancer Soc. Grant IS 46-F in part by 
U.S.P.H.S. Grant HE06308, and in part by facilities 
of the Research Laboratories of the Steno Memorial 
Hospital , Gent o f te , Den mark . 

t This human growth hormone was kindly made 
available to me by Dr. Henninp .4ndersen, Director, 
Children's Hospital, Fuplebakken, Denmark. This 
part of the project was supported by the Crippled 
Children's Fund, Boston, Mass. 

7, 14, and 21. The HGH was prepared in 
a solution of 0.15 M NaC1, phosphate buffer 
(pH 7.4) ;  the final concentration was 1 
mg/ml. Equal volumes of HGH solution and 
lanolin-oil were mixed to a thick emulsion(8). 
After the 4 injections, each animal was bled 
via cardiac puncture on days 32 and 35, i.e., 
at 11 and 14 days after the fourth injection. 
Two of the six rabbits responded with anti- 
human growth hormone (AHGH-R) serum 
which, a t  a final dilution of 1:4,000, was 
capable of binding approximately 50% of 
0.5 mpg of I-125-HGH. 

The  I- 12 5-HGH was prepared commer- 
cially.: The specific activity of the product 
was 390 millicuries per milligram. 

Anti-rabbit serum (ARS-S) was obtained 
from sheep which had received subcutaneous 
injections of rabbit serum plus lanollin-oil 
adjuvant. One of three sheep responded with 

t Abbott Laboratories, Oak Ridge, Tenn. This 
was Andersen's HGH preparation, which was also 
used to immunize the rabbits. 
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FIG. 1. A standard curve for immunoassay of 
liunian growth hormone. Each point is  mean value 
of 3 determinations. This :may standard was 
used to  obtain the results shown in Fig. 2. 

suitable antiserum after 4 injections of 5 ml 
each. 

For immunoassay standards a HGH prep- 
aration (NIH-HS-6 12 B ) 5 was used which 
was different from that used for antigen and 
tracer. 

A 1% bovine serum albumin-0.15 M 

NaC1-phosphate buffer, pH 7.4, (1% BSA) 
was used as the diluent for the standards. A 
0.044 M EDTA solution in 1% BSA was used 
as the diluent for the I-125-HGH (6) .  

The reactions were carried out as follows. 
First ant ibody reaction: (a)  1.0 ml 1% BSA, 
or stacdard, or assay sample was mixed with 
(b )  0.5 ml 1-125-HGH, 0.5 mpg, and (c) 
0.5 ml of a dilute AHGH-R. This reaction 
mixture was placed at  4OC for 24 hours. 
Second antibody reaction: a sufficient amount 
of ARS-S was added to insure maximum pre- 
cipitation in 16 hours (in this case 0.3 ml 
was used). When dilutions of AHGH-R 
greater than a final concentration of 1 :4,000 
in 2 ml were used, 0.1 ml of dilute normal 
rabbit serum sufficient to bring the concen- 
tration of rabbit serum to 1 :4,000 was used. 
This reaction mixture was placed a t  4°C for 
24 hours. Then the tubes were centrifuged 
a t  2,000 rpm for 15 minutes. The resultant 
supernatants were decanted and discarded. 
The precipitates were counted in a Packard 
410 autogamma counter with a window set- 
ting at  15 to 50 KEV. The standard curve 

$ Kindly supplied by Dr. A. E. Wilhelmi, Emory 
Univ., Atlanta, Ga. 

was plotted, and the amount of HGH in each 
assay sample was determined from the stand- 
ard curve. 

Resul ts .  Fig. 1 shows a typical assay curve 
obtained by this procedure. The total num- 
ber of counts was greater than 10,0001 cprn a t  
each concentration shown on the curve. The 
change in the number of counts in each pre- 
cipitate was obtained by subtracting the 
number of counts in each precipitate from 
the mean of the counts in the precipitate 
when no unlabeled HGH was present. There 
was a linear log dose response over the range 
from 4 to 2501 mpg of added unlabeled HGH. 
With other dilutions of antiserum the assay 
range was 1 to 100 mpg, an example is shown 
in Table I. 

As can be seen in Fig. 2, R.C. ( a  hypo- 
pituitary dwarf) did not respond with ele- 
vated HGH levels during the hypoglycemia 
(9) following i.v. insulin nor during the fall 
in blood glucose at  45 to 60 minutes after 
oral glucose. The two acromegalics and the 
one non-treated hyperpituitary giant had ele- 
vated HGH levels as compared to the one 
normal and one hypopituitary dwarf. Table 
TI shows the correspondence of duplicate 
determinations for human growth hormone in 
12 serum samples. 

Discussion. The 60 day half-life of 1-125 
recommends it as an isotope for use as a 
radiotracer for tyrosine containing proteins. 
Its low energy gamma emission presents no 
problem with modern gamma counting equip- 
ment. The combination of long half-life and 
high specific activity precludes the necessity 
of counting both supernatant and precipitate; 

TAT3JlE I. Assay Standard for Human Growtih 
Hormone Using I : 16,000 Anti-Human Growth 

Hormone (Rabbit Source). 

HGH cpnn A 
1-125 cp* 

(wu> PPt PPt 
St:i 11 da  P d 

0 
1 
2 
4 
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16 
3% 
t i  4 

128 

30,2100 

27,800 
25,800 
23,400 
2 0,8 Of0 
17,2 0'0 

2 8,80 0 

4,800 
12,800 

- 
1,400 
2,4010 
4,4010 
6,800 

13,000 
15,400 
17,400 

9,400 
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consequently, counting time and calculations 
are minimized. Further improvement can be 
made by making all calculations with a com- 
puter ( 10). The  assay results reported here 
indicate that this method can be used to 
distinguish hypo- and hyper- levels of human 
growth hormone. Also, these results are in 
agreement with values reported by others 

Further studies are in progress to extend 
the effectiveness of this assay method. The  
preliminary results reported here indicate that 
two-antibody immunoassay of human growth 
hormone using T-125 tracer may be an effec- 
tive tool in cliiiical diagnosis and biomedical 
research. 

Summary. Immunoassay of human growth 
hormone with a 2-antibody method utilizing 
commercially prepared I- 12 5 tracer provides 
a simple procedure for determining the con- 
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FIG. 2. Each point rqircseiits ;i wriim coi~ct'ii- 
tration of huiiiaii growth lior11ioi1e, scale on the 
lcft. The 2 lilies reprewilt hloocl glucose coricen- 
tratioiis f o r  R.('., sca lc  011 tlic riglit. Each growth 
Iioimione value rrpremits 1 i i c ; i i i  of ilup,licate de- 
terminations. 

T A  RLE 11. Corresyondenec of Values f o r  Human 
Growth Hormone in Duplicate I)eteriiiinations of 

Serum Samples. 

A cpm HGH 
R a 111 p le 1-125 ppt ( w g )  

N.C. 

N .w. 
E.B. 

I,.(;. 

R.('. 8:48 

I<.(?. 9 : 15 

I<.('. 9 : 2 5  

I < . ( ' .  9 : 40 

R.( '. 9 : 3.5 

R.C. 10 :27  

R.". 7 0  :55 

R.('. 11 : 5 8  

871 2 
9377 
9577 
9199 
7145 
6569 
897 

1393 
4876 
2279 
2163 
1300 
1311 
1495 
4392 
" 0 8  
1788 
l(i50 
1782 
1715 
2387 
2 010 2 
3700 
2631 

155 (177) 
2 0.0 
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70 ( 61) 
52 

4 

225 (205) 

<4 (<4) 

22 ( 15) 
A 

f i (  5 )  

A (  4) 
4 

4 

1, 

5 
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6 

l'! ( 1 2 )  

5 ( 5) 

5 ( 3 )  

? (  6) 

centration of human growth hormone in 
plasma. The  method is sensitive to as little 
as 1 mpg. 
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