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180. The therapeutic effects of 6MP and KTS 
against S-180/B6 were greater in C57B1/6 
than in Swiss HaICR mice. The effocts of 
6MP and vitamin BG deficiency against ECA 
were evident only in Swiss HlaTCR sensit,ized 
to S-180. Thus, in this case, the effectiveness 
of therapeutic treatments was inlfluenced by 
the degree of the host response to the tumor. 
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and G. Papp for proficient technical ,assistance. 
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Immunmssay of circulating human gnmth 
harmone (HGH) utilizing HGH-1311 as tracer 
has J t m d y  been rqmrted(1-5). Mmgan(6) 
has also repopted a radio-immunoasay for 
HGH using 1251 but the sensitivity arppeared 
to be insufficient. The present report describes 
a radlio-immunuassay Itechnique utilizing a 
double antibody procedure and HGH-lz55I 
which provides a high degree of sensitivity 
and permits determinations of HGH in un- 
extracted small plasma samples. 

Materials and methods. Antiserum was p- 
duced in rabbits by 1.e2>earted administration of 
Raben's preparation of HGH ( 7) emulsified 
in complete Freund's adjuvant. Aniti4ahbit 
gamma globulin serum was obtained from 
goat and was prepared commercially.$ A 
highly purified preparation of HGH (Wil- 
helmli HS 612 A) served as standard and 
for the idination procedure. Phosphte buffer 
(0.05 M, pH 7.4) containiag 2O/00 of bovine 
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serum albumin was used as diluent 'both far 
the HGHJz51 and tihe antisera. Diluttions of 
the s'tandm-ds were made in bovine serum. 

Preparation of HGH-1251.  HGH was 
labelled with 1251Q by the method of 
Greenwood et d ( 8 )  (1.5-2.5 mC 12511/20~ 
30 pl: 50 pl phosphate buffer (0.5 M, pH 
7.4); 2-4 pg HGH,/20-40 pl; 1.00 pg CMor- 
amine-T/25 pl; 250 pg Na&O5/lO0 pl; 50 
pl nwrmal human serum; 1 mg KI/100 pi ) .  
HGH, Chlommine-T, N*S2O5 and K I  were 
diluted in phosphate buffer (0.05 M, pH 7.4). 
After removal of unreacted 1251 on a Sephadex 
G-50 column (10 )( 1 cm), the HGH-1251 was 
purified by uhmmatography on a column af 
Sephadex G-200 (50 X 2 cm). The first peak 
of radioactivity corresponded to damaged pro- 
ducts and the second peak to "pure" labelled 
hormone (Fig. 1 .). The effect of reaction times 
of Chloramine-T, ranging from 5 to 680 s- 
onds, cm the specific activity and the purity 
of HGH-l"I has been analyzed (Table I ) .  
In general, the reaction was stopped after 3@ 
40 seconds Ibecause longer times appeared to 
increase the amount of radioactive im- 
purities. For 15 iodination procedures art 8 
different times (Table I ) ,  the estim&d mean 

5 Code no. IMS-3, The Radiochemical Centre, 
Amersham, England. 
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FIG. 1. Effect of the dilution of the anti-HGH 
serum on the percentage of the total radioactivity 
which was precipitated. The experimental procedure 
was the same as that summarized in Table I1 except 
for the amount of anti-HGH serum (0.2 ml) and 
the absence of unlabelled HGH. Date of the iodi- 
nation procedure: 4.20.66. 0.2 mpg HGH-'"' and 0.1 
ml of undiluted precipitating serum were utilized. 

IMMUNOASSAY USING 1251 

specific activity of the produot was 191.2 mC/ 
rng with a mean yield (obtained specific ac- 
tivity divided 'by the theoretical specific ac- 
tivity) of 24.3%. 22.7% of the initial radio- 
activity remained adsorbed in the reaction 
vial after removal of the idination solution. 
In  all but two experiments more than 
SO./; of this residual radioactivity were 
extractable by 3 K I  washes of the reaction 
vial. The radmioactivity of K I  washes was 
considered to be due to unrmted lZI since 
most of its content was not precipihble by tri- 
c h l o m t i c  acid, and it was recovered in the 
salt peak after chromatography on a Sephadex 
G-50 column. Therefore, the radioactivity 
remaining in the reaction vial afiter KI  washes 
was assumed to be HGH-I"I. These p e p -  
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rations of HGH-I2"I, stored a t  -2OoC, 
progressively lost their reacting capacity with 
the anti-HGH serum (Fig. 1).  Nevertheless, 
they could be used for up to 2 months without 
major modification of the slope of the stand- 
ard curve. 

Radio-immunoassay procedure. The reac- 
tions and the incubation times used are in- 
dicated in Table 11. The use of 0.1 ml of 
anti-HGH serum at an initial dilution of 
1:32,000 and 0.1 ml of anti-rabbit gamma. 
globulin g w t  serum (diluted 1:3) produced 
the precipitation of 15 to 3 0 3  of the la!belld 

hormone and still permitted a steep initial 
slope of the standard curve. The indicated 
amount of precipitating serum was also chosen 
to ensure full precipitation within 24 hours. 
Normal rabbit serum (diluted 1:300) was 
added as carrier. In the experiments con- 
cerning the effect of disodium ethylene- 
diaminetetraacetate (EDTA) on the plasma 
HGH levels, the same concentrations of this 
reagent have been used for both the standards 
and the unknown samples. 

Results. The xcuracy of the assay method, 
expressed by the coefficient of variation 
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TABLE TI. Iniiiiunoassay of H G H  Using Two 
Antibody Method and  HGH-’=I. 

I 0.3 ml phosphate buffer (0.05 M, p H  7.4, 2%, 

0.1 in1 HGH standard or assay plasma (dilu- 

I 0.1 nil anti-HGH serum (dilution 1 :32.000) 

bovine serum albumin) 

t,ioii 1 :3)  

3. 
4°C for  24 h r  

I I 
I 0.1 nil HGH-lZ5I solution (0.2-0.4 nipg) 
I 

3. 
4°C for  7 days 

3. 
0.1 1111 iioriiial rabbit  serum (diluhioii 1 : 300) 
0.1 in1 n.iiti-ral)l)it gamma globulin serum (di- 

I 
lritioii 1 :3)  

3. 
4°C for  24 h r  

.1 
Centrifuge 

(3200 rpin for  40 iiiin at 4°C) 
3. 

3. 
Precipitate 

Wash with 0.5 ml H,O at 4°C 
Centrifuge 

(3200 rpm for  40 min a t  4°C) 
t 1 

.1 
Precipitate (counted in  a Pack- 
ard  410 Autogamma counter) 

3. 
Supernatmt.  
(discarded) 

(standard deviation divided by the m a n )  
has been determined by replicate determi- 
nakions. The mean #coefficient of variation, for 
the standlard HGH concentrabions ranging 
from 0 to 16 mpg/ml, was 6.3% (range : 4.4- 
12.4) (Fig. 2 ) .  In this experiment, we ob- 
served decreases of 4 and 10% in the precipi- 
tated radioactivity for HGH concentrations of 
0.125 and 0.250 mpg/ml respectively. Re- 
cently, using minim1 amount of the hormonal 
tracer and optimal dilutions of antisera 
(tested far each new prepamtion of HGH- 
1251), a greater sensitivity and a decrease in 
the radiaaotivity of the prmipitate of 8% for 
tlhe first standard concentration (0.1 2 5 mpg/ 
ml) were obtained. The coefficients of mia- 
tion measured for some plasma samples con- 
taining different HGH levels were between 8.5 
and 22.2 % (Table 111). Moreover, the re- 
covery, tested ‘by addition of 2 HGH con- 
centrations (2 anld 4 mpg/ml) to the m e  
p l a ,  containing 3.3 mpg of endogenous 
HGH per ml, was 99.0 and 114.2% respec- 
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FIG. 2.  Decrease of the precipitated radioactivity 

as a function of H G H  ooncentratilons in presence 
of 0.2 mkg H G H J T .  The precipitationed radio- 
activity in absence of unlabelled H G H  was assumed 
to be 100%. 

FIG. 3.  Effeot of various concentrations of EDTA 
on the slope of the standard curve and on the 
estimated plasma H G H  levels. 
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tively (Table 111). Initially, undiluted plasma 
was used for HGH determinations. In  some 
of these samples with HGH levels above 8-10 
mpg/ml the obtained values appxred to be 
excessiye. Addition of EDTA or dilution of 
these samples reduced the final concentration 
of HGH (Fig. 3 ) .  However, EDTA reduced 
the radioactivity in the precipitate and the 
initial s l a p  of the standard curve (Fig. 3 ) .  
Subsequently, the routine procedure decided 
upon to minimize the possible overestimation 
of HGH levels in undiluted p lasm was a 1:3 
dilution of the plasma sample (final dilution 
1:24). 

Discussion. The relatively short half-life of 
1311 makes its use for standard immunoassay 
techniques for protein hormones somewhat in- 
convenient. The application of l2>1 for the 
idna t ion  procedure of HGH has therefore 
been investigated. 

Fiftmn consecutive iodination procedures 
over a 10 month period resulted regularly in 
satisfactory yields of a purified labelled prep- 
aration. At equal specific activities, the lower 
energy gamma emission of this isotope does 
not require a higher degree of iodination of the 
hormone than lnlI. As has been described for 
insulin( 9) , it Seems possible that incorporation 
of a Iarge number of iodine atoms to the 
HGH molecule affects the biological and im- 
munological properties of this molecule. 
Nevertheless, this cannot alter the validity 
of the immunoassay procedure, because HGH 
leve1 of unknown samples is estimated by 
reference to a standard curve of a highly 
purified preparation. Since there has been an 
attempt to standardize the labelling p m d u r e  
(except for the reaction time of the Chlor- 
amine-T and, on two oooa5io115, for the quan- 

tity of this reagent), part of the diversity of 
the obtained yield could be attributed to the 
batch of the labelled iodine emplayed. In spite 
of these differences, all preparations served 
successfully in the described immwassay 
procedure. 

The sensitivity and the muracy  of the 
standard curve permit the measurement of 
0.125 mpg HGH/ml, which corresponds to 
0.375 mpg of endogenous HGH per ml of 
undiluted plasma. 

The dilution of some plasma samples 
decreased the absolute level of endogenous 
HGH after correction for the dilution factor. 
Similar results were obtained after addition 
of EDTA, a chelator of divalent metal ions 
(Ca++ and Mg++) which are necessary for 
the attachment of some componenlts of 
the complement to antigen-antibody com- 
plexes ( 10). Overestimations of plasma 
HGH levels could result from excess 
of free or antibody-bound labelled HGH in 
the supernatant, consecutive to an inhibition 
of either the first or the second antigan-anti- 
body reaction. The effect of EDTA and the 
analogy of our results with those repmted for 
insulin ( 1 1 - 14) , especially by Morgan et 
al(  13,14), suggest the hypothesis that com- 
plement is the inhibitor. The lack of such 
inhibition with techniques using a single anti- 
body system may well indicate that this in- 
hibitor interferes with the precipitating step 
of the double antibody system. The effect of 
EDTA in decreasing the amount of precipi- 
tated radioactivity in the absence of unla- 
belled HGH or with low concentrations, re- 
mains unexplained. A direct inhibitory effect 
of this compound on Ithe antigen-antibody 
reaction is not excluded. 



h l o u s ~  LIVER INFECTED WITH HEPATITIS VIRUS 409 

Further investigation is necessary to clarify 
the intrinsic mechanisms of the inhibition in 
the double antibody immunoassay procedures. 

Summary. An iodination procedure for hu- 
man growth hormone using lZ5I and the 
double-antitbody immunoassay utilizing this 
labelled preparation as tracer are described. 
The mean specific activity was estimlatd to 
be 19U mC/mg. The growth hormone determi- 
nations were made on 0.1 ml of 1:3 diluted 
pliasma. The results showed satishatory 
recovery, accuracy and a sensitivity of 0.375 
mpg/ml. 
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In the past few years we have been in- 
terested in the identification of m-ly m h -  
h l i c  alterla~ons in the livers of mice infected 
with the MHV-3 strain of murine hepatitis 
virus. A marked elevation in the blood plasma 
of many enzymes of hepatic origin was de- 
tected during the amte phase of the disease 
(1).  At 36 houtrs after inlfection some mito- 
chonldrial allterations of liver cells were a p  
parent, as shown by (a) uncoupling of oxi- 
dative phosphorylation and (b) release of 
m e  mitochondria1 enzymes into the soluble 
phase of cytoplasm and from this to the blood- 
stream( 2,3). In  addition, recenlt work frolm 
this laboiratmy has shown that lysu>siomes are 
altered at an even earlier stage of infection 
(4) .  Very liltrtle is known? however, a b u t  the 

*This work was supported by a grant from the 
Consiglio Nazionale delle Ricerche of Italy. 

changes ot nuclear structures and fundims 
induced by hepatitis viruses. This paper deals 
with investigations on in vivo synthesis of 
ribonucleic acid (RNA) in liver Itissue of 
mice infected with MHV-3, and on the in 
vitro activity of nuclear RNA p l 0 l y m ; e ~ .  

Materials and methods. All expwiments 
were performed with the Swiss strain Olf albino 
mice weighing 12-16 g. They were infeatd 
intraabdomirmlly with 0.1 ml of a suspension 
of infected mouse liver cantaining about 
10,000 LDS0 of the Craig stmin af MHV-3 
virus. The viral titer, expressed as LDso, was 
calculated according to Reed and Muench( 5 ) .  
The liver nuclear fraction watj obtained as 
described by Barnabei et aZ(6). RNA po- 
lymerase activity was assayed in this fraution 
essentially according to Weiss( 7,8). The com- 
position of the incubating mixture is shorn 


