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Knowledge of hormones in blood has 
greatly expanded in the past 10 years due 
particularly to the wide use of specific im- 
munological methods for their quantitation. 
Different investigators have studied various 
factors such as age, sex, pregnancy, lacta- 
tion, and anesthesia on growth hormone 
regulation ( 1, 2) .  Others have investigated 
the effect of age and chronic cold exposure 
on the variation of serum immunoreactive 
insulin levels (3, 4). However, no syste- 
matic comparison of circulating hormone 
concentrations in the blood of different rat 
strains has been conducted. The purpose of 
this investigation was to determine and com- 
pare the levels of three nonsex related hor- 
mones (insulin, growth hormone and thy- 
roxine) in six different rat strains commonly 
employed in endocrinology and biomedical 
research. 

Materials and Methods. Both inbred and 
outbred stock female rats were studied. The 
inbred strains were the Fischer 344,' 
CRBL, Wistar-Furth/ARS, Wistar-Lewis/ 
MAT, Copenhagen/CRBL and ACI 9935/ 
MAI. ARS-SD : SPF (SD) was the only out- 
bred stock rat. All animals were 56-58 days 
old at time of sacrifice. They were housed 
2 animals/cage, allowed to acclimatize to 
the laboratory environment for a period of 
10 days and were maintained on Purina Lab 
chow and water ad Libitzrriz. On the evening 
prior to the day of sacrifice, at 1700 hr, the 
rat chow was removed from all the cages 
and the following day, at 1000 hr, all the 
animals were exsanguinated following light 
ether anesthesia. Blood was collected from 

the dorsal aorta, allowed to clot at 4" for 
2 hr, centrifuged under refrigeration and the 
serum was separated and stored immedi- 
ately at -20" for later testing. 

Purified rat growth hormone (NIAMD- 
Rat-GH-1-1) for iodination, RGH reference 
preparation (NIAMD-Rat-GH-RP-1) and 
monkey anti-RGH (NIAMD-Anti-Rat GH 
Serum-1) were obtained from the Rat Pitui- 
tary Hormone Distribution Program, Na- 
tional Institute of Arthritis and Metabolic 
Diseases, NIH. Plasma RGH was measured 
by a modification of the double antibody 
radioimmunoassay method of Birge, et al. 
( 1  ).  RGH was iodinated with l2;I (Cam- 
bridge Nuclear, Cambridge, MA) according 
to the method of Greenwood et al. ( 5 ) .  The 
specific activity obtained was usually in the 
order of 100 mCi/mg. Removal of the im- 
munologically inactive components of Y- 
RGH was accomplished by gel filtration in 
Sephadex G-75. Separation of antibody- 
bound from free hormone was performed 
by precipitation of antibody-bound hormone 
with rabbit anti-monkey 7-globulins (Anti- 
bodies Incorporated, Davis, CA).  After 
washing and centrifugation, the precipitates 
were counted on a Packard Gamma Spec- 
trometer Model 3002 with an efficiency of 
50% for "'1. 

Radioimmunoassay of insulin was deter- 
mined by a modification of the method re- 
ported by Hales and Randle (6) using por- 
cine insulin standards (Schwarz/Mann, 
Orangeburg, NY) . 

A commercial competitive protein-bind- 
ing assay kit was employed for rat thyroxine 
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(RT,) measurements (Nuclear Medical 
Laboratories, Inc., Houston, TX) .  The rea- 
son for choosing this kit is its high degree of 
sensitivity in the range of 10-60 ng/ml. 
The procedure was followed in its entirety 
but with one exception: 10, 20, 30, 40 and 
50 ng/ml standards were added to the 
standard curve in addition to the standards 
recommended in the kit (0, 60, 120 and 
180 ng/ml) to avoid excessive extrapola- 
tion. The lower standards were prepared by 
dilution using the zero standards as the 
diluent. 

All samples were tested in duplicates 
using two different dilutions in one assay run 
to eliminate interassay variations in the GH, 
insulin and T, levels. 

Results and Discussion. The results of 
the growth hormone, insulin and thyroxine 
are illustrated in Table I. The RGH levels 
in the ACI 9935/MAI, Copenhagen/ 
CRBL, Wistar-Furth/ARS, Fischer 344,' 
CRBL are essentially the same, differences 
being statistically insignificant ( P  < 0.1 ) . 
Higher RGH levels were observed in the 
ARS-SD : SPF (SD) stock and Wistar- 
Furth/ARS rats, and the values were sig- 
nificantly different from the other rat strains 
( P  < 0.01). However, no statistical differ- 
ence was noted between the ARS-SD:SPF 
(SD) stock and Wistar-Furth/ARS RGH 
levels. 

Tmmunoreactive rat insulin levels also 
varied from one strain to another but not to 
the same degree as RGH. The Wistar- 
Furth/ARS strain exhibited the highest 
serum insulin levels, the difference in mean 
levels for the strain being statistically sig- 
nificant when compared with all other 

groups (P < 0.01). The Wistar-Furth/ 
ARS strain demonstrated slightly higher in- 
sulin levels but the mean level was statis- 
tically significant ( P  < 0.05) only from the 
Fischer 344/CRBL strain. An average 
insulin value of 37 pU/ml was obtained with 
the remaining rat strains. 

A substance showing a reaction of iden- 
tity behaves in a manner indistinguishable 
from that of the antigen itself in an antigen- 
antibody reaction. Figures 1 and 2 show 
dose-response curves for rat GH and insulin. 
The curves produced by the addition of in- 
creasing increments of serum samples from 
different rat strains have the same slope as 
that of RGH and insulin. This parallelism 
between serum samples and RGH or insulin 
standards is suggestive of immunologic iden- 
tity, but not proof of identity. 

All rat strains demonstrated low concen- 
trations of serum thyroxine. The thyroxine 
levels obtained were different among the 
various strains and in agreement with the 
values reported by Refetoff et aE. (7) .  
The RT, concentrations in the ARS- 
SD: SPF(SD) stock, Copenhagen/CRBL 
and ACI 9935/MAT were approximately in 
the range of 20 ng/ml whereas the remain- 
ing strains exhibited a higher range of RT4, 
approximately 40 ng/ml. 

It has been reported that hyperinsulin- 
emia in rats and humans frequently accom- 
panies the genetical characteristic of obesity 
(8,  9 ) .  Of the rat strains tested, the Wistar- 
Lewis/MAI and the ARS-SD : SPF( SD) 
rats were in the range of 160-175 and 185- 
192 g in body wt respectively when sacri- 
ficed at 58 days of age, as compared to 
130 ? 5 g for the other strains (see Table 

T.\lZLE I .  Variations in  Serum Growth Hormone, Insuliii and Thyroxine in DifIcrent Rat 
Strains.n 

Animal strain Growth horinone Ins  i i  1 in Thy rosine 
or stock ( n g / nil) ( P U / W  (13 6' / 1nl> 

~ 

ACI 9935 / MA1 25.6 +- 4.6 37.5 & 6.6 21.2 2 9.3 

1 \'is t a r-F I: rt h / A RS 21.3 5 3.2 42.6  & .5.9 99.5 2 14.2 
Copenhagen / CRBI, 21.7 k 8.8 37.1 k 7.4 23.9 k 12.9 

Fischer 344/CRBL 22.0 & 2.9 36.8 -c 3.3 32.6 5 8.4 
'1 RS -A D : SI' F (SD) 78.8 & 24.7 38.8 2 G.8 19.1 2 14.4 
Wistar-I,ewis/ MA1 GG.7 t 11.5 53.2 ?c 6.1 44.2 & 1G.G 

(I Results are expressed as the average 2 S D  on 15 rats/group. 
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FIG. 1 .  Dose-response curves for growth 
hormone in different rat strains. 0-0 
ARS-SD:SPF(SD); A-A Fischer 344/ 
CRBL; 17-0 CopenhagenICRBL; 0-0 
ACI 9935/MAI; 0-0 Wistar-Furth/ARS; 
H-H Wistar-Lewis/MAI and .-. 
NIAM D-Rat-GH-RP-1 reference standards. 

11). However, of the 2 strains showing in- 
creased amounts of body wt, only the 
Wistar-LewisiMAI rats demonstrated the 
highest serum insulin levels, which was sig- 
nificantly different from the other 5 rat 
strains ( P  < 0.01 ) .  Similarly serum growth 
hormone levels were significantly higher in 
the ARS-SD:SPF(SD) stock rat and the 
Wistar-LewisiMAI rat than the other 
strains. It should also be pointed out that 
since both growth hormone and insulin 
secretion are affected by food intake, the 
differences in circulating hormonal concen- 
trations may not be related to basal secre- 
tions and clearance rates, but rather to 

".i/\- - 
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SERUM (ml) 

FIG. 2. Dose-response curve for insulin in dif- 
ferent rat strains. 0-0 ARS-SD:SPF(SD); 
A-A Fischer 344/CRBL; 0-0 Co- 
penhagen/CRBL; 0-0 ACI 9935/MAI; 
0-0 Wistar-Furth/ARS; H-¤ Wistar- 
Lewis/MAI and 0-0 porcine insulin 
standards. 

strain differences in response to food 
withdrawal. 

Although all strains have relatively low 
serum thyroxine levels, the Wistar-Lewis 
and the Wistar-Furth rats have shown sig- 
nificantly higher levels ( P  < 0.01) than the 
other strains. This appears to parallel with 
the higher serum immunoreactive insulin 
levels in the same rat strains. Whether the 
increased insulin and thyroxine levels in the 
Wistar-Furth/ARS and the Wistar-Lewis/ 
MA1 rats are physiologically related can- 

?'.\RLE IT. Range of 1'iil)crty .\ge and Body \\'eights in Iliffcrcllt Rat Strailis." 

. \tiiina I strain 
or stock 

.lgc in Puberty age I M y  wt 
clays in days g 

~~~ ~~~ 

" Pitbcrt! age and body wt were Etirnishccl by the clilfcrcnt breeding 1al)oratories. 



HORMONAL VARIATIONS IN RAT STRAINS 1053 

not be fully assessed in this investigation. 
There appears to be no correlation between 
serum thyroxine levels and growth hor- 
mones in the different rat strains. 

Summary. Serum insulin, growth hor- 
mone and thyroxine levels were determined 
in rats of five inbred strains and one out- 
bred stock. Insulin levels were higher in 
the Wistar-Lewis/MAI than all other rat 
strains. Growth hormone was significantly 
increased in ARS-SD: SPF(SD) and Wistar- 
Lewis/MAI rats. All rats demonstrated low 
serum thyroxine Ievels in the range of 19.1- 
44.2 ng/ml. Higher insulin and growth hor- 
mone levels were attributed to the increase 
in body wt. 
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