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Electron micrographs were taken at the same magnification 
of  both the control and experimental  soleus muscles, care 
being taken to avoid areas in the tenotomized muscle that 
abounded with rod shaped or streaming Z-structures. 
Direct  measurements  were taken (independently, by 3 of  
the authors) from 2 0 x 2 5  cm enlargements o f  the EM 
plates, using a metric ruler for sarcomere and A band 
length, and a desk-top magnifier  containing a reticle with 
0.1-mm gradations for Z-widths. As Z-lines tend to be very 
irregular across the width of  the myofibril,  measurements  
were taken at multiple intervals along each Z-line in a 
micrograph. A total of  1641 control Z-line widths, and 1735 
Z-l ine widths in tenotomized muscle were measured;  the 
data are contained in the table. 
Results and discussion. The table presents the results of  our 
analysis of  paired muscles from 6 tenotomized animals. 
The mean Z-disc width of  the control contralateral leg was 
109 nm, the same as in the younger series of  rats on which 
we previously reported 6. Those of  the tenotomized leg 
averaged 106 nm, ranging from 102 to 111 nm, and there 
was no significant difference between the control and 
tenotomized legs. In contrast to younger rats, we conclude 
that tenotomy is without effect on the general Z-line widths 
of  older rats. As in the former experiment,  however, 
occasional Z-line streaming and rod formation was ob- 
served in the experimental  muscles. This has also been 
reported in aged rats by Fukisawa 1~ 
Note from the table that although there was no difference 
in the width o f  the control and experimental  A-band, the 
sarcomere length of  the experimental  leg (mean = 1.78 rtm) 
was significantly shorter than the control (mean = 1.99 gm). 

This o f  course is a consequence of  tenotomy, but  it might  
suggest that had we measured the Z widths only in those 
sarcomeres o f  identical length, the experimental  Z-band  
width would have perhaps been wider. However ,  we have 
not found any statistical correlation between Z-disc width 
and sarcomere length in any group of  experimental  or 
control animals. Z-line width, in vertebrate muscle, is not  a 
function of  sarcomere length. We hold therefore with the 
conclusion that tenotomy does not produce a generalized 
widening of  the Z-line in older rats. This may, in some way, 
be related to the flat growth curves of  these animals. The  
finding that rod formation and streaming are still present, 
suggests that the stimulus or  underlying cause for genera- 
lized widening may be different from that or those respon- 
sible for the other  morphological  changes. 
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a-Toeopherol  reduces fluorescent age pigment levels in heart and brain of young mice 
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Summary. The  levels of  fluorometrically measured lipofuscin, or age pigment,  were significantly lower in the brain and the 
heart of  a- tocopherol  (vitamin E)-injected mice as compared to untreated control mice at 3 and at 5 months of  age. 

Lipofuscin, or fluorescent aging pigment, accumulates pro- 
gressively with age in mammal ian  post-mitotic tissues, 
especially in brain and hear0 ,2. It is present even in young 
animals 3. Tappel  et al. 4 have demonstrated that lipofuscin 
accumulation is reduced by feeding ant• including 
vitamin E, to 9-month-old mice for periods ranging from 
0.6 to 1.2 years. 

The questions which we asked in the present study were as 
follows: a) Can we alter lipofuscin accumulat ion in young 
mice at 3-5 months of  age by a- tocopherol  (vitamin E) 
administration? b) Can we alter lipofuscin levels if  the a- 
tocopherol is administered by i.p. injections? c) Will  the a- 
tocopherol  have any effect on lipofuscin accumulat ion over 
relatively short periods in young animals? 

Table I. Data for heart. The level of lipid peroxidation fluores- 
cence product in 0.2 g heart tissue is presented for mice injected 
with 1.1 IU a-tocopherol, as compared to control mice at 3 and 5 
months of age. The standard deviation of the measurements is 
presented. The level of significance as determined by the t-test is 
presented as a function of age and as a function of treatment. N 
refers to number of measurements 

Age N Fluorescence units (•  Difference Levelof 
a-Tocopherol Control (%) signifi- 

cance 

3months 3 43.00+2.82 53.00+5.10 23% 0.10<p<0.05 
5months 7 46.93• 2.04 71.79+ 1.58 53% p<0.001 

Level of 
signifi- 
cance NS p < 0.001 

Table 2. Data for brain. The level of lipid peroxidation fluores- 
cence product in 0.2 g brain tissue is presented for mice injected 
with 1.1 IU a-tocopherol, as compared to control mice at 3 and 5 
months of age. The standard deviation of the measurements is 
presented. The level of significance as determined by the t-test is 
presented as a function of age and as a function of treatment. N 
refers to number of measurements 

Age N Fluorescence units (•  SD) Difference Level of 
a-Tocopherol Control (%) signifi- 

cance 

3months 6 47.75• 56.75• 19% p<0.005 
5 months 14 47.18• 73.64• 56% p <0.0001 

Level of 
signifi- 
cance NS p < 0.001 
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Materials and methods, Female Swiss albino mice were 
obtained from Canadian Breeding Farms, St. Constant, 
Quebec. At 2 months of age 1 group of mice received an 
injection of a-tocopherol, while a 2nd group remained as 
controls. Measurements of lipid peroxidation fluorescent 
products were carried out when the mice were 3 and 5 
months 01d. The Purina Chow used for the diet was 
standard mouse chow in pellet form. 
In  order to inject a-tocopherol, it was solubilized in carrier 
solution 5, Experimental animals received 1 i.p. injection of 
1.1 IU a-tocopherol in 0.1 ml of carrier. The dl-a-toco- 
pherol used was in oil form, and was obtained from ICN 
Canada, Montreal, Quebec. 
Lipid peroxidation levels were determined by fluorescence 
analysis. The brain and heart ventricles were excised and 
processed using the method of Tappel et al. 4. Fluorescence 
measurements were made using an Aminco-Bowman spec- 
trophotofluorometer standardized with quinine sulfate 
(1 mg/ml of 0.1 N H2504). Measurements were taken with 
the voltage set at 700 V and wavelength set at excitation 
358 nm and emission 438 nm and a slit opening of 5. 
Measurements were obtained in fluorescent units per 0.2 g 
tissue sample. 
Data were analyzed by means of the standard t-test. 
Results and discussion. The results show that the level of 
lipid peroxidation fluorescent products is lower in the heart 
and the brain of tocopherol-treated mice as compared to 
control mice in both age groups examined. Table 1 illus- 
trates the results for heart tissue. By 3 months of age the 
fluorescence level in the heart of the tocopherol-treated 
animals is clearly lower (by 23%) than that of the control 
animals, although there is only a borderline level of statisti- 
cal significance. By 5 months of age, the level of fluores- 
cence products in the heart is 53% lower than in the control 
animals, and the difference is highly significant. 
Table 2 presents the data for brain. Both at 3 months of age 
and at 5 months of age, the level of lipid peroxidation 
fluorescent products is significantly lower in the animals 
injected with tocopherol than in the control mice. 
When we examine the data for both brain and heart in 
relation to the age of the animals, we note that there is no 
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increase in lipofuscin level between 3 and 5 months of age 
in the tocopherol-treated animals. In contrast, there is a 
highly significant increase in the level of fluorescent prod- 
ucts between 3 and 5 months of age in the control animals. 
The data presented show that the level of lipid peroxidation 
fluorescent products, or lipofuscin, can be significantly 
lowered in both brain and heart tissue of young mice by a 
single i.p. injection of tocopherol. In analyzing these results 
it is doubtless important to remember that tocopherol can 
be stored in various body tissues 6 and that parenteral doses 
are eliminated slowly 7. Thus the tocopherol that was inject- 
ed may have gone into a storage pool to be utilized 
gradually over a period of time. Or, once the level of 
tocopherol was elevated by the supplementary dose, it may 
have remained at a new and higher plateau since the 
animals were receiving an accepted level of tocopherol 
through the Purina Chow diet. The results can be inter- 
preted in relation to the free radical theory of aging 8. The 
presence of tocopherol is believed to reduce the level of 
free radical reactions at the tissue level, thus retarding the 
build up of lipofuscin 9, although it is not yet clear whether 
antioxidants alter the rate of aging in mice. 
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Fever and survival in the rat. Metabolic versus temperature response 
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Summary. In infected rats, survival was directly proportional to the metabolic cost of fever (AO2~ ~ during its rising 
phase and inversely proportional to the height of fever. It is suggested that some febrile, metabolic response may be 
beneficial, while the rise in temperature may be harmful for the host animal. 

Although fever is the most common symptom of illness, its 
role in infectious disease in mammals is not clear. In rats 
infected with Salmonella enteritidis, cooling the spinal cord 
enhances the febrile, metabolic response to cold without 
affecting body temperature and increases survival 2. On the 
other hand, cooling the preoptic area raises the febrile 
temperature without essentially increasing metabolic rate 
and decreases survival 3. It may then be speculated that in 
salmonellosis some febrile, metabolic response to cold 
increases survival, whereas the increase in temperature 
decreases it. The present work, in which the natural course 
Of tl~iS illness was studied, shows that this hypothesis is 
tenable. 

Materials and methods. T h e  results were obtained in 156 
specific pathogen free, male Wistar rats, weighing about 
350 g and kept at 23 ~ with natural illumination and food 
and water freely available. The animals were anesthetized 
with pentobarbital and fixed to an antirotatory device that 
otherwise allowed freedom of movement 3. A t  this time, 
either a preoptic 4 or a spinal 5 thermode was implanted in 
70 of the animals but, except for the implantation, these 
animals were handled like the ones without thermodes. 
2-3 weeks after the operation, the animals were i.p. infect- 
ed with 1 ml of a suspension of live S. enteritidis 3. Body 
temperature was measured at least once a day (at 12.00 h) 
with a thermocouple inserted about 60 mm beyond the 


