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SUMMARY 

The life durations of hypo- and hyperthyroid Wistar rats were measured under clean 

conventional conditions. The amount of exogenous T4 (thyroxine), which is sufficient to 

elevate T4 levels in the blood, decreased with age. The rats which were made hypothyroid 

by the neonatal T4 treatment had a longer lifespan than control. The lifespans of hyper- 

thyroid rats, to which T4 solutions were given as drinking water during either the first 

or the second half of the life period, were shorter than control. The life-shortening effect 

of T4 was not detected when T4 was administered to already aged animals. These results 

indicate that the effect of T4 administration is not due to the direct promotion of the 
diseases which cause the death, but to the acceleration of aging during the young or 
middle-aged period. 
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INTRODUCTION 

The accelerative effect of thyroid hormones on the rate of aging has been suggested by 

various works [1 -3 ] .  Our previous work has indicated that the lifespan of rats which 
were made hypothyroid by neonatal thyroxine (T4) treatment is significantly longer than 

that of normal rats [4]. In the present study, cohorts of rats were made hyperthyroid 
by continuous administration of T4 in drinking water, and the lifespan and other bio- 

logical data were compared with those of control rats. The lifespan of neonatal T4-treated 

rats was also measured again in this study for comparison, because of the considerable 
variation in the mean lifespan among cohorts of normal rats [5,6]. 

MATERIALS AND METHODS 

Wistar SPF rats bred in the Tokyo Metropolitan Institute of Gerontology were used. 

Rats were fed ad libitum with Charles River CRF1 chow under clean conventional condi- 
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tions during the experiment. Blood samples were collected under light anaesthesia with 
ether. Effect of this ether anaesthesia on the level of blood T4 was checked by compari- 
son with the samples from decapitated rats in a preliminary experiment, and ascertained 
that there is no significant difference. Most blood samples were collected by heart punc- 
ture. Some of them in successive sampling from the same rat were carried out from the 
tail vein, which also showed no significant difference in the T4 level from the heart blood 
of the same rat in the preliminary experiment. Heparinized plasma, after the blood 
corpuscles were centrifuged down, was stored in -20°C. Radioimmunoassay for the 
estimation of thyroid hormones was carried out with Amerlex T4 and Ta (Amersham) 

RIA kits with the correction according to the results of a preliminary test using T4" and 
T3-free rat plasma. T4 administration, to make the rats hyperthyroid, was done with T4 
solution in 0.002 N NaOH prepared 2 times per week. The T4 solution, administered 
ad libitum, was used as drinking water. To make the rats hypothyroid, the pups were 

injected intraperitoneally with 1.5 /~g T4/g body weight on days 2, 4, 6, 8, and 10 of 
newborn life. T4 levels of these rats are significantly lower than normal rats throughout 
the lifespan [4]. Statistical analysis was done by Student's t-test. 

RESULTS 

Figure 1 shows age changes in the level of T4 in the blood of normal male Wistar rats 
and the elevation of T4 concentration after exogenous T4 administration through drinking 

water. Blood T4 decreased gradually with age. In middle aged (8 months old) and 
senescent (26 months old) rats, T4 levels increased after drinking 10 mg T4/1 of the 
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Fig. l .  Concentrat ions of  T 4 in the  blood of  normal  and T4-administered male rats at various age. The 
experimental  rats were given 10 mg T J I  solution as drinking water,  except for a group o f  young rats 

which were given 20 mg T 4/1 solution (upper circles). 
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solution. However, changes in the T4 level were not observed in young (2 months old) 

rats after drinking the T4 solution of this concentration. When the concentration of T4 
increased to 20 mg/1, a remarkable elevation of the T4 level was induced. A similar result 

was obtained when T3 was measured in the blood of the same rats used in T4 estimation 
(Fig. 2). The result that the increase in the T4 level of older animals was larger than that 

of young rats might reflect the fact that the catabolic rate of T4 in young rats was faster 

than that of old ones. From this result, we selected the dose of T4 in drinking water for 

the lifespan experiment. We gave 20 mg T4/I to the rats from 1 to 6 months of age, and 

10 mg T4/1 to the rats older than 6 months. 
Figure 3 shows the time coiJrse of the changes in the levels ofT4 and T3 in the blood 

of the rats continuously given 10 mg T4/1 as drinking water after 8 months of age. Levels 

of both hormones were higher in the T4-treated group than in control, but they gradually 

decreased after a maximum value, and Ta in T4-treated rats was almost the same level as 

control after T4 treatment for 13 months. Some of the Ta-treated rats were given normal 

water instead of T 4 solution after the 8- and 12-month experimental period. The levels 

of  both T4 and T 3 of those rats returned to normal within 1 month after the cessation 

of T4 administration. 
Figure 4 shows the survival curves of normal, neonatal T4-treated (hypothyroid), and 

long.term T4-administered (hyperthyroid) male rats. The rats in the hyperthyroid group 
were given 10 mg T4/1 as drinking water after 12 months of age throughout the rest of 
their lifespan. The lifespan of hypothyroid rats is the longest of the three, and the hyper- 

thyroid rats have shorter lifespan than normal rats, although the duration of the hyper- 
thyroid state is approximately the last half of the whole life period in this experiment. 
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Fig. 2. Concentrations of T~ in the same blood samples as shown in Fig. 1. 
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Fig. 3. Age-changes in concentrations of T, and T 3 in the blood of normal rats and T~-administered 
rats which were given 10 mg T4/I solution for 13 months. A part of the rats in the T, group was given 
water instead of T 4 solution after 8 and 12 months (lower circles at 9 and 13 months). 

Figure 5 shows the result of the second experiment on the lifespan. Control rats were 

given 0.002 N NaOH solution as drinking water from 1 to 22 months of age. Experi- 

mental rats were divided into 2 groups. In one group they were given T4 solution from 

1 to 22 months, and in the other group they were given T4 solution from 1 to 12 months 

and NaOH solution between 12 and 22 months, The rats of all groups were given acidic 

water, which is used routinely to prevent infection in our animal station, after 22 months 

old, to eliminate the direct effect of hyperthyroidism to the death rate of the rat. The 
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Fig. 4. The survival curves of control, continuously T,-treated (T,), and neonatally T,-treated (NT,) 
male rats. The rats in T4 group were given 10 mg T,/I solution after 12 months old. The numbers of 
rats were 30 fcontrol), 22 (T,) and 22 (NT,). 
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Fig. 5. The survival curves of control and continuously T4-treated male rats. Control rats were given 
NaOH solution from 1 to 22 months of age. Some of the rats in the T 4 group were given T4 solution 
from 1 to 12 months, and NaOH from 12 to 22 months. The rest of the rats in the T4 group were 
given T~ from 1 to 22 months. The concentration of T4 solution was 20 mg/l from 1 to 6 months, 
and 10 mg/1 after 6 months. The numbers of rats were 18 (control), 12 (T 4 1-12 months) and 15 
(T 4 1-22 months). 

lifespans of experimental groups were significantly shorter than that of the control group 

without significant difference, however, between the rats given T4 throughout the whole 

lifespan and those given T4 during the first half of the life period. This result is possibly 

due to ~he fact that T4 and T3 levels showed no remarkable difference after continuous 

administration for more than 13 months (Fig. 3). It is concluded that the life-shortening 

effect of thyroid hormones shown in this study is not due to the direct positive effect 

of  the hormones to the initiation or promotion of diseases which are a direct cause of 

death, but due to the acceleration of aging during the whole period of the experiment, 

because the lifespan of the rats was significantly shorter than control in the second 

experiment, even when the administration of T4 was discontinued after 12 months of 
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Fig. 6. The survival curves of control and continuously T4-treated female rats. The rats in the experi- 
mental group were given T4 solution after 26 months of age, throughout the rest of the life period. 
The numbers of the rats were 10 in both groups. 
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TABLE 1 

FOOD CONSUMPTION (g/DAY/RAT) OF CONTROL AND T4-ADMINISTERED (FOR 1 MONTH) 
RATS OF VARIOUS AGES 

3 months 10 months 26 months 

Control 19.4 + 2.1 a 15.7 +_ 2.0 10.6 _+0.8 
T, (10 mg/1) 18.1 + 0.9 14.6 + 1.8 9.2 -+ 1.6 
T~ (20 mg/l) 24.6 _+ 1 . 3  - - 

aMeasurements were carried out on the food consumed by three rats from each cage. Standard devia- 
tions were calculated among cages. 

age, earlier than the period of  actual death by more than 6 months. This conclusion is 

supported by the result shown in Fig. 6. The lifespan of  female rats which were given 

T4 when they were already senescent (after 26 months) was not shorter than that of  

controls. 

Table I shows the food consumption of  the control  and T4-administered rats. Signifi- 

cant increase in food intake by T4 administration was observed only in the very early age 

period. 

Table II shows the body weights of  the rats in the second experiments on lifespan. 

Body weights of  the rats in the T4-administered group were smaller throughout the 

period of  administration. The rats to which T4 was given for 12 months recovered their 

normal body weight within a month after cessation of  T4 administration. 

DISCUSSION 

In laboratory rats and mice, a t rend towards increasing longevity has been docu- 

mented for a number of  inbred strains [5].  The mean lifespan of  cohorts of  Wistar male 

rats in our laboratory has demonstrated the same trends during the past 8 years (from 

24.5 months to 27 months),  and part of  the cause of  this increase is ascribed to a change 

TABLE II 

BODY WEIGHTS OF CONTROL AND CONTINUOUSLY T,-ADMINISTERED RATS AT VARIOUS 
AGE (g) 

3 months 13 months 

Control 286 +_ 3.2 489 _+ 23.6 
T, 249 +_ 17.4" 459 -+ 18.3" 

486 +- 31.5 a'** 

aAdministration of T, was discontinued after 12 months. 
*P < 0.01, **P > 0.1 (control vs. T4). 
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of diet (Funabashi F2 ~ Charles River CRF1). The present study indicates that the hypo- 
thyroidism induced by neonatal T4 treatment prolongs the lifespan of the rat under the 
recent improved conditions which permit long lifespan to the normal rats, and confirms 
the previous result which has already been reported in a study on the rats of shorter 

lifespan [4]. 
The present study also showed that the hyperthyroidism accelerates the aging process, 

since T4 administration shortens the lifespan of the rat without the direct action to the 

cause of death. In 1928, Robertson [1] reported that mice fed desiccated thyroid 
throughout their life had shorter lifespans than control mice. Everitt [7] showed that 

middle-aged rats treated with thyroxine had a reduced lifespan, although the difference 

was not statistically significant. In the present study, the accurate measurements of 
concentrations of thyroid hormones in the blood by radioimmunoassay enabled us to 

induce moderate hyperthyroidism which was enough to reveal the acceleration of aging 

without any drastic harmful effects. 

It has frequently been reported that food restriction prolongs the lifespan of rats 

[8,9]. In the present experiment, body weights of short-lived hyperthyroid rats are 
smaller than controls whereas long-lived hypothyroid rats are also smaller than controls 

[4]. Therefore, changes in body weight can not be the cause of the aging-accelerating 

effect of thyroid hormones. The amount of food does not change by the adminis- 

tration of T4 at the dose used in this study except at a very early age. On the other hand, 

the life-shortening effect of T4 is observed in the second half of the life period as much as 

in the first half. Therefore reduction of food intake can not mediate the effect of hyper- 

thyroidism. Everitt [10] has shown that the accelerative effect ofT4 on aging of the rat, 
observed by the solubility of collagen and urinary protein excretion, is diminished by 

food restriction. One of the possible explanations is that thyroid hormones accelerate 

aging by promotion of an intrinsic process which is disturbed exogenously by food 
restriction. 

It has been reported that the lifespan correlates with metabolic rate both among 

various species of  mammals [11] and among various strains of the mouse [12]. Since 
blood levels of thyroid hormones are correlated with metabolic rate [13], mechanism of 
aging-acceleration effect of  thyroid hormones may include the elevation of O., uptake. 

On the other hand, the data in some reports do not support the concept that nutritional 

restriction slows the rate of aging by decreasing the rate of energy metabolism [9,14]. 

The stimulation of protein and RNA synthesis by thyroid hormones [15,16] can also 
be responsible for their action to promote aging. 
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