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method will permit measurement of consider- 
ably lower concentrations of C-reactive pro- 
tein than 2 pg per ml. However, as sensitiv- 
ity is increased, two limitations become pro- 
gressively more important: incidence of anti- 
complementary activity in test specimens, and 
C-reactive protein interaction with normal 
serum constituents which affects its reaction 
with antibody. 

Suinmzr?. A quantitative immunochemical 
method for determination of C-reactive pro- 
tein concentration in serum is described. The 
sensitivity of this method, based on comple- 
ment fixation. has been selected to measure 
the same concentration range of CRP as de- 
termined by microprecipitation. Two impor- 
tant features generally applicable to comple- 
ment fixation methods are presented: namely. 
removal of anticomplementary activity from 
absorbed antisera and use of a reference 

standard to compensate for variations in fixa- 
bility of complement. 
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Pheochroiiiocytotiias of Adrenals in Male Rats Chronically Injected with 
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Tncrea,d numbers of tumors of the types 
occurring spontaneously in the rat were ob- 
served during the course of chronic injection 
of normal female rats with pituitary growth 
hormone. T’ulmonary and lymphatic tissues. 
reproductive organs, pituitary and adrenal 
$lands were involved( 1-6). Outstanding was 
the occurrence of adrenal medullary pheochro- 
mocytomas(2). Since none of this work had 
hitherto been dune in male rats, the questions 
arose as to whether males would be equally 
responsi.ve in body growth and similarly sus- 
ceptible to &tumor formation, especially as re- 
gards reproductive organs and adrenal glands. 

Materials and methods. Male rats of the 
Long-Evans strain, of 2 dlifferent age groups. 

* Aided by grants from the United States Public 
Health Services X-366 and C-1008; and The Vni- 
versity of California Cancer Research Coordinating 
Committee. 

6 and 14 months, were divided into experi- 
mental and control groups of S rats each. 
The purified growth hormone(7) was in- 
jected intraperitoneally in saline 6 days 
weekly. The initial daily dose of 0.5 mg was 
increased progressively during the first 160 
days. reaching a maximum of 3.0 mg in the 
younger, and 3.5 mg in the older group. 
These doses were then maintained for the re- 
mainder of the 15-month injection period. 
Complete autopsies were performed on all 
rats. The weights of all organs were deter- 
mined. and the entire organ or representative 
blocks were fixed and prepared for histological 
study. 

Results. Body weight and length. The 
rats in the 6-month-old group weighed ap- 
proximately 400 g at  the beginning of the ex- 
periment and gained steadily. reaching a 
maximum of altmost 700 g at  18 months (Fig. 
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1). During the last 90 days there was ces- 
sation of growth and some loss of weight, de- 
spite the high daily dose. The rats of the 14- 
month group (Fig. 2 )  were heavier at onset 
(480 g )  and their gain was slower and less 
regular, the maximum weight attained during 
the 15-month period k i n g  sligh'tly less than 
that of the younger group, even though they 
received a higher dose. Both experimental 
groups increased in total length above their 
controls. and the greater increase occurred 
in the younger group. 

Blood prcssure. Because of the anticipated 

TABLE I. Seoplasnis i n  Growth Hormone In-  
jected Male Rats  and Controls (8 per Group). 

Age at onset of exp. 
6 in0 14 mo 

con- Con- 
Type of iiroplastic lesion In j .  trols In j .  trols 

Pheoc.11 roiiiocytonia 
X d reiia 1 c or t i c a 1 a denom a 
Thyroil1 : Xdenonia 

Pit iii tn yi, a denolna 
Testis, Leydig-cell tumor 

I Apiiipliosa rcoiiia, thoracic 

Meseiichyiial sarcoma 

Kidney. p:iltill;irT cyst- 

Ca rcinoiiis 

TliyiTltIs, SiqIti111lot1s cell 
ca rcinni~in 

finti al>clomiiial 

(syiioviomii 

;ldellonli3 

4 0  
0 1  
3 4  
1 0  
4 6  
1 0  
0 1 

1 0  

1 0  

0 0 

5* 0 
0 1  
3 1  
1 1  
4 5  
0 0  
0 0  

4 3  

0 0  

1 0  

* Bi1:iteral in 4. 

Days Injected 

FIG. 2. Avg body wt of male rats inj. wit,h growth 
hormone for 15 mo, beginning a t  14 mo of age, 

compared with uninj. controls. 

development of pheochromocytoma, a neo- 
plasm which had occurred frequently in fe- 
male rats similarly treated (3 ) ,  determinations 
of b l d  pressure were made at  intervals dur- 
ing the course of this experiment. A micro- 
phonic manometer for deteminatim of the 
systolic blood pressure was used(8). The 
animals were anesthetized with ether for de- 
termination of blood pressure, and body 
length was determined at  the same time. KO 
significant differences were observed in the 
blood pressure of experimental and control 
rats. 

Neoplastic lesions. Neoplasms occurred h 
lymphoid tissue, ad'renals, pituitary and thy- 
roid glands. There was nothing significant 
in regard to the reproductive system. The 
number of tumors in the growth hormone in- 
jected rats of the 2 ages was not significantly 
different from that in the controls,t except in 
the tumors of the adrenal medulla. Neo- 
plasms of the 'adrenal medulla were the most 
outstanding lesions observed in the experi- 
mental animals. Even in the adrenals where 
no pheochromocytomas were present, there 
was enlargement of the medullas. None of 
the controls of either age group had pheochm 
mocytomas; 3 had focal a m  in the medulla 
composed of uniformly small cells adjacent 
to blood vessels. Pheochromocytomas were 

t ?;umbers of :tumors exclusive of pheochromocy- 
tomas, in the 6 months old group, 11 in experimental, 
12 in control; in the 14 months old group, 13 in ex- 
<perimental, 11 in control. 
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present in 9 of the 16 rats treated with growth 
hormone; multicentric foci were present in 

some (Fig. 3-5) .  In the younger group, 4 of 
8 rats showed unilateral tumors. In the older 

PLATE I (Fig. 3-5). Adrenals of adult male rats, control and exp. 
(H and E stain) 

FIG. 3. Control, untreated. Age 21 mo. X 22. 
FIG. 4. Large medullary pheochromocytoma. Note compression of normal medullary tissue. 

Growth hormone inj. begun at 6 mo of age. X 22. 
FIG. 5. Small pheochromocytoma composed of large cell types ; surrounded by cells of zona 

reticularis. Growth hormone inj. begun at 14 mo of age. X 250. 
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group there were lesions in 5 of 8 rats and in 
4 instances these were bilateral. Invasion of 
b l d  vessels by neoplastic cells, as described 
by Gillman et d ( 9 )  in spontaneous pheo- 
chromocytomas of the rat, was not observed. 

Discussion. Analysis of the results af 
chronic administration of pituitary growth 
hormone to adult male rats indicates that 
growth response was similar to, but less strik- 
ing than, that of females so treated. Growth 
response of the older of the 2 age groups 
tested (14 months old at onset) was inferior 
to that of the younger group (6  months old at  
o n w ) ,  particularly in the later part of the ex- 
periment. This may have been due to a num- 
ber of factors, such as aging, debility due to 
neoplasms, and recurrent infections. In the 
earlier studies on females injected with growth 
hormone, pheochromocytomas frequently oc- 
curred. There was no evidence of a pro- 
longed hypertension in those animals, as 
judged by weight of the heart and histology 
of the arterioles. In the present study no sig- 
nificant elevations of blood pressure we= ob- 
served in experimental rats subsequently 
shown to have pheochromocytomas. How- 
ever, the possibility of transient episodes of 
hypertension cannot be excluded. 

Summary. The long term administration 
of pituitary growth hormone to adult male 
ralts of the Long-Evans strain resulted in pro- 
gressive growth in lbody weight and length. 
Many neoplasms developed in the rats during 
this prolonged period, but the incidence in 
treated rats was not significantly different 
from that in controls, with the exception of 
tumors of the adrenal medulla. Pheochromo- 
cytomas occurred in 9 of 16 growth hormone 
injected rats and in none of the controls. 
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Short periods of induced hypoxia character- 
istically prod’uce a moderate increase in the 
pressure in the pulmonary artery in nor- 
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ma1 man( 1).  In general, the rise in 
pressure is greater than might be expected to 
be due to the increase in cardiac output which 
occurs. Moreover, the possibility that the 
augmented pressure results f rom generalized 
systemic vasoconstriction seems unlikely, since 
the pulmonary wedge pressure does not 
change( 2,3) the brachial artery pressure re- 
mains constant, and the “central blood vol- 
ume” shows no consistent alteration (3 ,4) .  
From these data it may be inferred that the 




