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Abstract. L-Triiodothyronine (T,) binding to hepatic nuclei from (ob/ob) mice at different ages 
was examined and compared with that of lean controls. Results showed a significant reduction 
in T3 binding in liver nuclei of obese mice at all ages studied. The preobese mice at 2 weeks of 
age had 27.9% fewer receptor sites/mg DNA compared to lean controls, receptor concentration 
further decreased to 67.7% at 18 weeks of age. Data presented here demonstrates that the impaired 
triiodothyronine (T,) binding to hepatic nuclei present in older (ob/ob) obese mice is an antecedent 
to the obesity. This report also helps to explain the poor thermoregulation and low oxygen con- 
sumption present during the preobese phase of the postnatal development of these animals. 
0 1986 Society for Experimental Biology and Medicine. 

The obese (ob/ob) mouse is an extensively 
studied animal model of genetic obesity. Nu- 
merous metabolic and endocrine disorders 
have been described in the grossly obese mouse 
(1). Some of these disorders, such as reduced 
metabolic rate and hypothermia in response 
to cold can be detected at a very early age pre- 
ceding the development of obesity ( 10- 1 7 days 
old) (2, 3). Although thyroid hormone is 
known to regulate metabolic rate (4) and to 
be essential for survival at lower temperatures 
( 5 ) ,  these animals are not hypothyroid (6). 
However, a peripheral impairment of thyroid 
hormone action, evidenced by a decreased 
concentration of nuclear triiodothyronine (T3) 
receptors in the liver and lung of grossly obese 
mice, has been demonstrated (7). The purpose 
of this study was to determine if this decrement 
in nuclear T3 receptor concentration in liver 
precedes the development of obesity and if this 
decrement changes as the development of 
obesity progresses. We report a decrease in 
nuclear T3 receptor concentration in the liver 
of preobese mice and that this difference in- 
creases as obesity becomes pronounced. 

Materials and Methods. All mice used in 

’ This work was a part of a dissertation of the senior 
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for the degree of Doctor of Philosophy at Rutgers Uni- 
versity and a contribution of the New Jersey Agricultural 
Experimental Station (No. D10405-1-85). 

this study were obtained from Jackson Lab- 
oratories, Maine. From 4 weeks of age the vi- 
sually obese mouse can be separated from lean. 
Preobese mice at 2 weeks of age were identified 
on the basis of their thermoregulatory defect 
in response to cold (2). Two-week-old mouse 
pups were removed from the nest, housed in- 
dividually and the initial (at 22.5”C) body 
temperature was recorded by inserting into the 
rectum a fine thermocouple (0.6 mm 0.d.) at- 
tached to a YSI telethermometer. Each pup 
was then transferred to a 15.5”C cold room 
and subsequent rectal temperatures were re- 
corded over 15, 30, and 45 min of cold ex- 
posure. On the basis of the response some were 
categorized as “preobese” or lean according 
to how they tolerated the cold. A few that could 
not be categorized with certainty were not used 
in this study. In preliminary studies it was de- 
termined that the (ob/ob) genotype could be 
predicted in 100% of animals. Figure 1 illus- 
trates a typical individual mouse temperature 
response to cold exposure and the basis of 
obesity prediction. 

The mice were sacrificed under ether anes- 
thesia, the liver excised quickly, blotted, and 
pooled whenever necessary to get 1.5 g of tissue 
(as required to provide sufficient nuclei for a 
six-point saturation isotherm of T3 binding). 
Nuclei were prepared as described by Samuels 
and Tsai (8). DNA content of the isolated nu- 
clei was estimated by Barton’s method (9). The 
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FIG. 1. Individual rectal temperature of 24 two-week- 
old mice in response to an environmental temperature of 
15.5 "C. The technique provides differentiation between 
lean and preobese animals. Borderline animals (two that 
could not be categorized with certainty) were not used in 
this study and therefore their genotype was not determined. 

method used for tracer T3 binding to isolated 
nuclei was first described by Samuels and Tsai 
(8) and subsequently modified by others ( 10- 
12). Isolated liver nuclei containing 50- 100 
pg DNA in 0.5 ml of STMED buffer (con- 
taining 250 mA4 sucrose, 20 mM Tris-HC1, 
1.1 mM MgC12, 2 mM EDTA, and 5 mM di- 
thiothreitol, pH 7.9 at 22.5"C) were incubated 
with 0.1 to 5 nM of 1251 T3 (NEN, sp act 750- 
1200 pCi/pg) at 37°C for 30 min in the pres- 
ence or absence of 5 pA4 T3. After the incu- 
bation the reaction was stopped by adding 1 .O 
ml of washing buffer ( 10% polyethylene glycol, 
0.25% Triton X-100 in STMED) (1 3). The 
tubes were thoroughly mixed, then centrifuged 
at l5OOg for 5 min, and the supernatant frac- 
tion was discarded. The pellet was washed and 
its radioactivity (dpm/tube) was measured in 
a Beckman Gamma 9000. The binding data 
were analyzed by Reverse Scatchard plot using 
the program described by Zivin and Waud 
(14). A typical saturation isotherm and Re- 
verse Scatchard plot is illustrated in Fig. 2. 

Results and Discussion. Radiolabeled T3 
binding to liver nuclear receptors of preobese 

and lean mice at 2 weeks of age were exam- 
ined. The results indicated a significant re- 
duction in maximum binding (Bmax) in 
preobese liver nuclei and not in the affinity of 
the receptor for the hormone (Kd). 

Binding to liver nuclei of obese and lean 
mice at different ages (4,6,8, 12, and 18 weeks 
old) was also studied. Liver of obese mice had 
fewer receptors per milligram DNA compared 
to their lean controls at all ages studied (Table 
I). The results indicated no change in the af- 
finity of the hormone for the receptors (Kd) 
(Table I). The preobese mice at 2 weeks of age 
had 27.9% fewer receptor sites per milligram 
DNA compared to the lean controls and this 
receptor concentration further decreased to 
67.7% at 18 weeks of age (Fig. 3), a period 
when weight gain had ceased and obesity was 
fully developed. Variations due to leakage of 
nuclear T3 receptor to the incubation media 
which might interfere with the results ( 15) were 
estimated in preliminary experiments and 
found to be very low. Thus, the possibility that 
the observed differences are artifact is highly 
unlikely. 

The findings that the preobese mice at 2 
weeks of age had fewer nuclear T3 receptor 
sites in liver indicate that this abnormality is 
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FIG. 2. Representative reverse Scatchard analysis from 
an experiment of '251 T3 binding to isolated nuclei from 
liver of 2-week-old preobese mice and lean controls. 
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TABLE I. 12%T3 BINDING TO HEPATIC NUCLEAR RECEPTOR OF OBESE MICE 
AND LEAN CONTROLS AT DIFFERENT AGES" 

Bmax K d  

Age groups 
(weeks) Lean Obese Lean Obese 

2 ( N  = 6) 297.1 t- 28.8 205.3 f 16.9d 1.95 f 0.32 1.46 f 0.16 
4 ( N  = 6) 276.4 k 18.9 204.8 f 17. I 1.08 f 0.18 1.17 f 0.28 
6 ( N  = 6) 299.1 k 72.2 21 1.4 f 53.1d 1.79 f 0.49 1.97 f 0.65 
8 ( N = 4 )  598.3 t- 65.5 423.5 ? 44.6d 2.44 f 0.53 2.45 f 0.51 

12 ( N  = 4) 612.1 k 108.9 396.4 f 98.2d 1.19 -t 0.06 1.16 k 0.33 
1.83 f 0.26 18 ( N  = 5) 675.2 -t 127.9 173.4 f 9.3d 2.15 f 0.35 

" At 2 weeks the pooled livers were from male and female pups. At all other ages the animals were males. 
B,, values are means -t SEM expressed as fmole/mg DNA. 
Kd values are means f SEM expressed as nM. 
P < 0.01 compared to obese animals using t test for paired data between lean and obese. 

not a secondary effect of obesity and thus may 
be a primary cause of the development of obe- 
sity. Since thyroid hormone plays a major role 
in thermogenesis, a decrement in nuclear T3 
receptor concentration could result in a partial 
refractoriness to actions of T3 upon thermo- 
genesis in the animal. For example, reduced 
nuclear T3 receptor concentration may un- 
derlie the decreased response of basal meta- 
bolic rate to thyroid hormone and impaired 
thyroid-induced sodium-potassium-depen- 

dent adenosine triphosphatase level observed 
in these mice (16). 

The present data also indicate that the de- 
velopment of obesity may further affect nu- 
clear T3 receptor concentration since the dec- 
rement observed in obese animals increased 
with age. The substantial decrement in nuclear 
T3 receptor concentration in grossly obese 
adult mice apparently, therefore, results from 
both congenital and developmental factors. 
The data presented here helps to explain the 
poor thermoregulation and low oxygen con- 
sumption present in these mice at a very early 
age preceding the development of obesity. We 
suggest that the decrement in T3 receptor 
present before the development of obesity in 
the (ob/ob) mouse is a primary determinant 
of obesity. 

We thank Suzanne Hillman and Tim Strelevitz for ex- 
pert technical help and Olga Pochyla for typing the manu- 
script. We are also thankful to Dr. G. A. Leveille and Dr. 
D. Steffen for reviewing the manuscript and providing us 
with valuable suggestions. 
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