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Summary. Rabbits were fed a cholesterol-enriched diet to render them atheromatous. 
After 3 months on this diet they were switched to a low-lipid stock diet. Some animals were 
killed at this point, while the rest were divided into (a) a group allowed to eat ad-libitum and 
(b) a restricted group allowed to eat half by weight of what the ad-libitum group consumed. 
Most animals were killed at 9 months (i.e. after 6 months' regression). The group allowed the 
restricted diet showed a 27 % weight loss, but their serum cholesterol fell slightly more slowly 
than that of the ad-libitum animals. Likewise, atherosclerosis was slightly worse in the re- 
stricted than in the ad-libitum group. The results do not support the view that severe dietary 
restriction causes atheroselerosis to regress. 

Introduction 

Sporadic comments  in  the l i terature,  par t icular ly  after the experiences of 
World  War  I I ,  suggest t h a t  severe die tary  restr ict ion might  have some beneficial 
effect on atherosclerosis (Katz and  Pick, 1963; De Navasquez,  1964; Helwig- 
Larsen et al., 1952). Induced  loss of weight before feeding cholesterol to the 
rabb i t  is reported to result  in  a lesser degree of a theroma (Firstbrook, 1950). 
This c i rcumstant ia l  and  exper imental  evidence led us to see what  effect calorie 
restr ict ion would have on established a theroma in  the rabbit .  

Methods 
Thirty-four New Zealand White male rabbits (~-~2.5 kg) were fed a stock cube diet (SG1) 

enriched with 1% cholesterol for 12 weeks (see Adams et al., 1973). Ten animals were 
baseline controls killed at the end of cholesterol feeding, while the other 24 were pair-matched 
for serum cholesterol levels and assigned to ad-libitum and restricted dietary groups. The 
restricted group, after a trial period, were fed approximately half by weight of that eaten 
by the ad-libitum group. Both groups received vitamin supplements of brewer's yeast (BPC) 
and Vionate (Squibb). The protein and mineral intake in the restricted group was adequate 
according to published tables (Short and Gammage, 1959; Altman and Dittmer, 1968). 

Animals were weighed weekly and their serum cholesterol levels were estimated monthly. 
Some animals were killed at 3 months and others at 6 months of "regression" (i.e. after the 
cholesterol-enriched diet had been stopped). Aortas were removed in their entirety and their 
degree of atherosclerosis was estimated with a gratieule, prepared by photographing suitable 
graph paper on glass plate (Morgan and Adams, 1974). The tissue was then sampled from the 
descending thoracic aorta and from the aortic arch as described previously (Adams et al., 1973). 
The samples were homogenized and their cholesterol contents determined as set out previously 
(Leffler and McDougald, 1963). 

Results 

Figure 1 shows t h a t  the ad- l ib i tum group gained weight by  a mean  26 % at  
6 mon ths  after s topping the cholesterol-enriched diet, whereas the restr icted 
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Fig. 1. Weight changes in rabbits fed a cholesterol-enriched diet and then transferred to 
ad-libitum and restricted low-lipid diets 

group lost 27% over this period. Five animals died within a few weeks after 
stopping the cholesterol-enriched diet: two with otitis media and meningitis, two 
with biliary cirrhosis and one with undiagnosed jaundice. 

Figure 2 shows the fall in blood cholesterol levels after stopping the cholesterol- 
enriched diet. From 8 weeks onwards the cholesterol level fell more slowly in the 
restricted group. 

At 3 months three restricted animals and six ad-libitum animals were killed. 
The descending thoracic aorta in the restricted animals showed less atheroma as 
adjudged by cholesterol content (Table 1), histology and by gratieule count of 
the gross specimen (94.7% area involvement versus 65.3%; p~0 .03;  Table 2). 
The aortic arch, in the restricted animals, showed no improvement at this time 
and was in fact significantly worse (Table 1). This improvement in the descending 
thoracic aorta only and in such a small group seems unreliable evidence of re- 
gression. Moreover, if the cholesterol contents of arch and descending thoracic 
aorta were summated, then there was no improvement at 3 months. 
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MEAN FALL IN PLASMA CHOLESTEROL AMONG 
AD LI BITUM AND RESTRICTED GROUPS 
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Fig. 2. Plasma cholesterol levels in rabbits on ad-libitum (A) and restricted (o) diets 

Table 1. Total aortic cholesterol among Dietary groups 

End of 1% Ad-libitum Restricted 
cholesterol 
diet 3 mo 6 mo 3 mo 6 mo 

Number of animals 10 6 5 3 5 
Thoracic (rag/g) 52.37 54.59 24.16a, d 27.88g 32.88J 
Arch (mg/g) 43.27 44.81 25.14b, e 62.13 h 41.21 k 
Thoracic (rag/5 em*) 15.84 25.92 15.71c, f 7.19 i 19.041 
Thoracic and arch (% as ester) 64% 54% 38% 53% 40% 

* The proximal 5 em of the descending aorta (reference to length excludes possible error 
due to change in arterial weight during progression or regression of atherosclerosis) 
Statistical analyses by courtesy of Dr. R. W. R. Baker: 
6too ad-libitum vs. end of diet;  P ~  0.002 (a), 0.05 (b), NS (e) 
6 mo ad-libitum vs. 3 mo ad-libitum; P--~ 0.001 (d), 0.001 (e), 0.090 (f) 
3 mo restricted vs. 3 mo ad-libitum; P--~ 0.016 (g), 0.0007 (h), 0.25 (i) 
6 mo restricted vs. 6 mo ad-libitum; P ~  0.10 (j), 0.006 (k), 0.20 (l) 

T h e  a n i m a l s  k i l l ed  a t  6 m o n t h s  of r e s t r i c t e d  d i e t  s h o w e d  no  r e so rb t i on  in  

e i t he r  a r c h  or  de scend ing  t h o r a c i c  aor ta ,  as a d j u d g e d  b y  cho les te ro l  c o n t e n t  

(Table  1,) b y  h i s t o l o g y  a n d  b y  g r a t i c u l e  c o u n t  (94.2% a rea  i n v o l v e m e n t  ve r sus  

88.2% ; N S ;  T a b l e  2. A o r t i c  cho les te ro l  r e t e n t i o n  was,  in  fac t ,  m o r e  seve re  in  t h e  
r e s t r i c t e d  t h a n  in  t h e  a d - l i b i t u m  group ,  a n d  in  t h e  a r c h  th i s  r e a c h e d  s t a t i s t i ca l  
s ign i f icance  (Tab le  1). 
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Table 2. Severity of aortic atheroma among dietary groups 

End of 1% Ad-libitum Restricted 
cholesterol diet 

3 mo 6 mo 3 mo 6 mo 

Graticule 91.9 94.7 94.2 65.3 88.2 
Count* n = 10 n = 6 n ~ 5 n ~ 3 n = 5 

* % of squares involved in ascending aorta + arch + proximal 5 em of descending thoracic 
aorta 
Statistical Analyses: 
3 mo restricted vs. 3 mo ad-libitum; P ~  0.03 
6 mo restricted vs. 6 mo ad-libitum; NS 
3 and 6 mo ad-libitum vs. end of diet; NS 

Comment  

The  somewhat  increased atherosclerosis  in the  r a b b i t  af ter  6 mon ths '  d i e t a ry  
res t r ic t ion  does no t  accord  wi th  repor t s  on m a n  from Len ing rad  (Katz  and  Pick,  
1963), and  f rom Belsen (De Navasquez ,  1964) and  Norwegian  (Helwig-Larsen 
et  M., 1952) concen t ra t ion  camps  dur ing  or a f te r  W o r l d  W a r  I I .  However ,  post-  
m o r t e m  ma te r i a l  ob t a ined  f rom Belsen a t  the  end of the  war  m a y  have  been 
la rge ly  f rom those younger  subjec ts  who manage d  to  survive  t h a t  length  of t ime.  
Of f ive hear t s  f rom Belsen pr isoners  in t he  museum a t  the  R o y a l  College of 
Surgeon's ,  London  (examined b y  cour tesy  of the  Curator ,  Dr.  Mart in ,  Israel) ,  on ly  
one is f rom a sub jec t  older  t h a n  the  t h i r d  decade.  This subject ,  a woman  of 35 has 
two smal l  yel low f ib ro - f a t t y  p laques  in her  ascending aor ta .  Pe rhaps  more  to the  
po in t  is the  r epo r t  based  on 10,000 autops ies  a t  Dachau  of severe atherosclerosis  
in emac ia t ed  pr isoners  (Blaga, 1963). I t  could be a rgued  tha t ,  if d i e t a ry  res t r ic t ion  
was suff ic ient ly  severe, muscle  and  o ther  t issue would  be resorbed and  become 
wasted.  Cholesterol  would  then  be re leased f rom cel l -membrane,  would  accumu-  
la te  in the  blood and  migh t  be expec ted  to  enhance  atherosclerosis.  

Chronic r a b b i t  atherosclerosis ,  such as t h a t  encounte red  here a t  9 months ,  
resembles  the  uncompl i ca t ed  f i b ro - f a t t y  h u m a n  disease (see Constant in ides ,  
1965). These resul ts  in  t he  r a b b i t  may,  therefore,  have  some re levance  a t  the  
t issue level  to the  h u m a n  disease. The f indings  r epor t ed  here suggest,  a t  leas t  in the  
rabb i t ,  t h a t  m o d e r a t e l y  severe d i e t a ry  (calorie) res t r ic t ion  m a y  ac tua l ly  exacerba te  
atherosclerosis ,  bu t  th is  does no t  r e f l e c t - -one  w a y  or the  o t h e r - - o n  the  possible 
beneficM effect of lesser degrees of d i e t a ry  res t ic t ion  and  contro l led  weight-loss.  

References 

Adams, C. W. M., Morgan, R. S., Bayliss, O. B.: No regression of atheroma over one year 
in rabbits previously fed a cholesterol-enriched diet. Atherosclerosis 18, 429444 (1973) 

Altman, P. L., Dittmer, D. S.: In: Metabolism. Fed. Amer. Soc. Exp. Biol. Bethesda, Md., 
pp. 101, 107, 112, (1968) 

Blaga, F.: The pathogenesis of arteriosclerosis. Arkh. Patol. 25, 13-21 [Russian text] (1963). 
Transl. Abst. Wld Med. 36, 267 (1964) 

Constantinides, 1 ). : Experimental atherosclerosis, p. 27. Amsterdam: Elsevier 1965 
Firstbrook, J. B. : The effect of changes in body weight on atherosclerosis in rabbits. Science 

111, 31-33 (1950) 



Dietary Restriction and Regression of Atherosclerosis 57 

ttelwig-Larsen, P., Hofmeyer, It., Kieler, J.,  Thysen, J.  H., Wulff, M. H.: Famine disease 
in German concentration camps - -  complications and sequels. Acta reed. scand. 44, Suppl. 
274 (1952) 

Katz,  L. N., Pick, R. : Reversibility of the atherosclerotic lesion. In:  Evolution of the Athero- 
sclerotic plaque (R. J.  Jones, ed.), pp. 251-264. Chicago: Chicago University Press (1963) 

Leffler, H. H., McDougMd, C. H. : Estimations of cholesterol in serum by means of improved 
technics. Amer. J.  clin. Path. 119, 311-319 (1963) 

Morgan, R. S., Adams, C. W. M. : Technical note: A gratieule for measuring atherosclerosis. 
Atherosclerosis 19, 347-348 (1974) 

Navasquez, S. J.  de: Personal communication (1964) 
Short, D. J. ,  Gammage, L. : A new pelleted diet for rabbits and guinea pigs. J. Anim. Techn. 

Ass. 9, 62-69 (1959) 

Prof. C. W. M. Adams 
Department of Pathology 
Guy's IIospial Medical School 
St. Thomas' street 
London SE 1 9 RT 
Great Britain 


