
M .  H U K A K U V A ,  Z_,. I . )EYL,  J .  I " I A U ~ M A N I N  a r  

Institute of  Physiology, Czechoslovak Academy o f  Sciences, Pra. 

(Received September 18th, 1987) 
(Revision received March 1 lth, 1988) 

SUMMARY 

Fischer 344 rats fed low protein-high dextrin diet 
10th percentile) survival as compared to controls. 
already if the diet is administered between 6 weeks 
treatment median survival of experimentalanimals : 
10th percentile is not different from standard diet-fe 
animals with the same diet has minimum effect as a] 
throughout the whole life exhibited a median life 
increase in the 10th percentile by 41 days. However 
months are transferred to a restricted (60°7o) food i: 
carbohydrate enriched) a further increase in medi 
prolongation can be observed reaching + 328 and 
pared to controls. The effects of this early feeding ( 

diet-fed controls. Further treatme 
am effect as animals that lived on this regJ 

lifespan increase by 120 days 
However, if such animals at the age 

intake regimen (control diet 
median and 10th percentile life 

+ 396 days respectively as 
6 weeks to 6 months) with 

Irate diet available ad fibitum and the food restricted regJ 
mtrols) fed from the age 6 months onwards are additive 
ntical to those obtained if the animals were kept on the 
throughout the whole life. The fact that animals fed the 
[rate diet and those kept on 60~/0 standard diet food rcstri~ 
though they were equal in daily (identical) protein inta 

rate diet; Prolonged lifespan; Food restriction 

nts of McCay et al. [1] represented until now the most e 
[gation of laboratory rodents [2]. The food-restricted reg 
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protein-high carbohydrate 
(standard diet 60°10 contrc 
final results being identical 
food restricted intake 
protein-high carbohydrate die 
had different survival 
emphasized. 
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OI animals unoer me conmuons oi restncteo iooa  
food restriction slows down the aging process by ] 
gram body mass. However data published by Maso 
Another suggestion says that increased growth dural 
sion in food-restricted animals [9] and last but no 
reduced diets was compared to body composition; 
believed that increased body fat contents accompai 
support this conclusion [5,9,10]. 

To what extent the lifespan may be influence, 
ingested remains equally unanswered. To our knowl 
[3] emphasizes the possibility of  obtaining a small bu 
10th percentile survival in Fischer 344 rats that sine, 
diet in which polysaccharides constituted a conside 

It was the aim of  this study to reveal whether t 

carbohydrate proportion in the diet. 

l~;w# o r n l t n c  n~" r n a l a  ] ~ ; cPh~ r  ~tAA ra f© t~fl ~ n ; m a l c  

considerable portion of  its energy 

the life prolonging effect ot 
dissociated from the effect of  

Fischer 344 rats, 60 animals per group, were used in the 
plant, Charles 

pt under specific pathogen-free conditions and housed on~ 
.~rs on a wire mesh floor. Monitoring of  the barrier facility 
', described by Yu et al. [11]. 
' the three diets used is summarized in Table I. Control 
7urn (group 1). In group 2 the animals were restricted to 
(modified diet A) by controls starting on the 6th week of  
p (group 3) the animals were fed diet B from 6 weeks ot 
~e animals were kept on diet B from their 6th week of  age 
hey were transferred to diet A which was available ad libiJ 

~p 5) animals were fed diet B from the age 6 weeks until 
t thereafter they were transferred to diet A restricted to 6 
1 to the food consumption of  controls and evaluated onc( 

tent. 

restricted dietary regimen 

MATERIALS AND METHODS 

Five groups of  male Fh 
sent study. The animals 
Laboratories) were kept 
cage in plastic containers on a 
identical to the scheme ( 

The composition of  
were fed diet A ad libitum 

of  the food consumed 
age. In the third group 
onwards. In group 4 the 
months old and then the 
In the last group (group 
were 6 months old and 
Restriction was related to the 

weeks [3], or at 6 [4], 12 [5] or 18 
od-restricted regimen upon longe~ 
used different animal strains (mo 

it appears that in order to get a 
icted regimen has to start at leas 
, however, imposed after growt~ 
life prolongation [7] or even to de( 
sals for mechanisms that may unc 

tions of  restricted food intake. S-" 
reducing 
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Vitamin-mineral mix (Ralston Purina) 
Choline chloride 
Solea bloc 

The details of  the vitamin-mineral mix were reported in Ref. 9; tl~ 
the ease when diet A was used for feeding food-restricted animal 
mix was increased to represent 11 e/e of the total; concomitantly 
39.65%. The reason for this alternation was to provide the foo( 
intake of calcium, phosphorus and sodium as the main intake c 
ad libitum. 

week. With rats fed a restricted amount of food the 
tive amount 1 h before the start of the dark phase 
The body weight of each rat was estimated once a fo: 

The survival curves were estimated using proc 
compared using Wilcoxon test [12]. The median ol 
times of the groups were compared using the quant 

The data summarized in Table III fully confirm tl 

~roduct-limit estimates and ct 
of the 10th percentile of sur 

uantile test as described by Con 

confirm the results of Yu et  al. [3] re[ 
:her 344 male rats kept on a dietary regimen restricted to 

Diet fed to group No. 

1 2 3 4 5 

A A 
B B 

A modified A, 
restricted 
to 60% 

[13]. 

RESULTS 

mg the survival of Fischer 

TABLE II 

DIETARY PROTOCOL 

Age (e.cperimental 
period) 

4---6 weeks A 
6 weeks- -6  months A 

6 months to death A 

Diet A (%) 

21 
0.15 

15 
43.65 
10 
7 
0.2 
3 

this premix c, 
food-restricted animals the propc 

y the portior 
food-restricted 

of the rats c 

animals 
of a 12-h 

fortnight. 

A A 
modified A, B 

restricted 
to60% 

modified A, B 
restricted 
to 60~/0 

(~) 

i~o sucrose. In 
tamin-mineral 
s decreased to 
:he same daily 
odified diet A 

the respec- 
dark cycle. 

c u r v e s  

survival 
Conover 

regard- 
:ted to 60°7o 
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No. 3 (Kept on diet B from 
the 6th week onwards) 

No. 4 (Kept on diet B from 
the 6th week till 
6 months old; then 
transferred to diet A 
ad libitum) 

No. 5 (Kept on diet B from 
the 6th week till 6 
months old; then trans- 
ferred to modified 
diet A and the food- 
restricted regimen) 

• Significant difference with respect to group No. 1 at the 1Wo level 
bNot significant with respect to group No, 1. 
cNot significant with respect to group No. 2. 
dNot significant with respect to group No. 3. 

o f  cont ro l s  as well as the  increase  in med ian  surv iva  

o f  an imals  kep t  in ad libitum avai lab le  modi f i ed  

(groups  1, 2 and  3). M o r e o v e r  it  is evident  tha t  t h e  

by  the la t ter  d ie ta ry  reg imen is the  same whether  the 
~ l l a A  t ~  ~ ; m n l e  u, | th '~n  I~ u r a a k c _ _ l ~  m r ~ n t h e  ~ f  t h t  

survival  (but  not  in the  10th percer  

m o d i f i e d  low pro te in -h igh  dext r in  

med ian  survival  increase  ca 

whether  the  low pro te in -h igh  dext r in  d 

hin 6 w e e k s - - 6  m o n t h s  o f  thei r  age on ly  or  s ta r t ing  f ron  

r ther  app l i ca t i on  o f  this  d ie t  b e y o n d  the age o f  6 month., 

L m e d i a n  survival  as d e m o n s t r a t e d  by  c o m p a r i n g  g roups  3 

.~pt on a low p ro te in -h igh  dex t r in  diet  f r om the  6th week o 

y ind i s t ingu ishab le  in thei r  survival  f r om those  tha t  at  th, 

n this  reg imen t r ans fe r r ed  to  ad libitum feeding o f  the  I 

~arison to  con t ro l s  the  m e d i a n  survival  in g roups  3 and 

)6 days  respect ively.  If ,  however ,  ins tead  o f  le t t ing these 

i as they  wan ted  they  were res t r ic ted  in feeding to  60°70 o f  

' 6  mon ths  onwards ) ,  the  resul t  is ind is t inguishab le  f ron  

ere kept  on  a res t r ic ted food  in take  t h r o u g h o u t  the  wholq 

e co inc idence  refers to  bo th  the  magn i tudes  ca lcu la ted  

;ntile; m o r e o v e r  also the  m a x i m u m  observed  l i fespan is p~ 
a groups .  The  increases  in m e d i a n  and  10th percent i le  sur  

cOn the border of significance. 

app l ied  to an imals  wit 

6th week onwards .  Fu r the r  

no add i t i ona l  effect  on  

4; an imals  tha t  were ke 

onwards  are  p rac t ica lh  

o f  6 mon ths  were f rom 

diet (diet A) .  In  com[ 

increased by  120 and  96 

mals  consume  as much  

t rois  ( f rom the age o f  

survival  o f  rats  tha t  were 

(groups  2 and  5). The  

med ian  and  10th percent i le ;  

cal ly equal  in these two 

are summar i zed  in Tab le  IV. 
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No. 3 (Kept on diet B from 
the 6th week onwards) 

No. 4 (Kept on Diet B from 
the 6th week till 
6 months old, then 
transferred to diet A 
ad libitum) 

No. 5 (Kept on diet B from 
the 6th week till 
6 months old; then 
transferred to modified 
diet A and the food- 
restricted regimen) 

With the accumulated evidence of  life prolongati, 
it is not surprising that any of  the restricted regimen~ 
increase of  both median and lOth percentile surviva 

ation of  food-restricted anima 
tmens used in this study resulted 

survival; it was also confirmed tha 
ad consumed by the experimental animals plays a conside] 
at least with regard to the protein and sugar (dextrin) cot 
namely that in two isocaloric diets in which one had a co 
Lion of  sugars, the survival was increased in animals f 
Is published already by Yu et al. [3]. In our experiments 
dextrin diet to animals resulted in significant increase o 
was without effect upon the 10th percentile. Further 
Ln survival was the same in animals who were fed this 
life or within 6 weeks and 6 months of  their age only. Th 
mate of  the period in which such an effect occurs as the dc 
incides with our experimental protocol and no attempts 
; period more precisely or to look for mechanisms by 
effect can be materialized. Nevertheless it was clearly del 
ae 6th-month period further feeding of  experimental ani 
dextrin diet has no effect upon median survival. The fact 

DISCUSSION 

composition of  the food 
role in their survival, at 
nents. Such an effect, 
erably higher proportion 
sugar-enriched diet was 
ing low protein-high dextrin 
median survival but 
increase in the median 
throughout the whole life 
naturally, a rough estimate 
tion of  this period coincides 
made to establish this 
such a life prolonging 
strated that beyond the 
with low protein-high dextrin 

EDIAN AND 10th PERCENTILE SURV 
3IMENS 

ed relatively to controls (median 715, 10th 
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suited in an 

that the 
onsiderable 

compo- 
consid- 

fed a 
feed- 

of  the 
, the 

diet 
This is, 

s the defini- 
were 

which 
r demon- 

animals 

fact that 



o o t n  [ng l ~ n  pcr~;gntllt; a n u  m c o l a U  ~UrVlV~U/ui~Ul o 

to a food-restricted regimen (60°70 of controls) at the 
upon life prolongation achieved by such regimen i 
animals were kept on 60070 food intake throughout t] 

The question that can be posed here is to what 
caused by increased carbohydrate 
consuming the low protein-high dextrin diet. Ta[ 
(Table I) and the daily food intake (which is not d 
animals with diet A and B) it emerges that the daii 
60070 restricted diet A equals the daily protein inta~ 
turn, (It is to be emphasized that in both cases the on 

The results about reduced protein intake are con 
and Leto et  al. [20] suggested that increased lifes 
reflects a decreased proportion of protein intake (s~ 
were able to demonstrate that longevity correlates p 
tein intake in animals fed a fixed level of protein [21 
favor of the first alternative, i.e. correlation of life 
protein intake. However since there is no differenc, 
survival between animals kept in the low protein-hil 
6th week onwards and those kept on this diet betwe 
and  clnrp n £Hrthar inr ran~p in th~ m~*dlan a n d  thp  

;pan of food-restricted ani 
see also Yu et al., Ref. 3), ol 
~ositively with the increased 

21--23]. Our data are basical 
life-span increase with the red~ 

difference in median and 10th perce 
gh dextrin diet (diet B) fron 

between 6 weeks and 6 months oJ 
crease in the median and the 10th percentile survival ca 
ing the food intake from the age of 6 months onwar~ 
~pose that aside to reduced protein intake there are other 
te to dietary lifespan increase. Changes in the balance bet~ 
,' and these other factors may explain the controversial ol 
',t of protein feeding upon longevity discussed above. 
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