
15. 1. 1970 Specialia 57 

Dietary Carbohydrate and Tissue Cholesterol Concentration in Young Rats 

I t  h a s  been  d e m o n s t r a t e d  specif ical ly  t h a t  increased  
d i e t a ry  sucrose,  w h e n  e m p l o y e d  as an  isocaloric s u b s t i t u t e  
for  a s t a r ch  d i e t a ry  s u p p l e m e n t ,  is assoc ia ted  w i t h  a rise 
in s e r u m  t r ig lycer ide  levels  1, Because  of t he  poss ible  
r e l a t ionsh ip  b e tween  e leva t ions  of ce r t a in  c o m p o n e n t s  of  
t h e  s e r u m  lipids and  a therosc le ro t ic  v a s c u l a r  disease,  a 
possible  etiological  role for sucrose  in t he  p a t h o g e n e s i s  of 
co rona ry  a r t e r y  d isease  in m a n  h a s  been  s u g g e s t e d  2. 

I n  earl ier  work  we found  t h a t  t i s sue  choles te ro l  con-  
c e n t r a t i o n  was  m o s t  a m e n a b l e  to change  b y  v a r y i n g  t h e  
source  of d i e t a r y  c a r b o h y d r a t e  s . Sucrose  a n d  lac tose  
feed ing  to  150-day-old  ma le  r a t s  led to m u c h  h i g h e r  car-  
cass  choles terol  concen~crations t h a n  did  t h e  feed ing  of 
s ta rch .  T h e  feed ing  of a m i x t u r e  of c a r b o h y d r a t e s  s imi la r  
to t h a t  f o u n d  in U.S.  ' m a r k e t  b a s k e t '  d ie t s  ~ led to  a 
s i t u a t i o n  where  ca rcass  choles terol  c o n c e n t r a t i o n  was  
m o s t  d e p e n d a n t  on b o d y  weight .  T h e  l igh tes t  a n i m a l s  fed 
s uch  a m i x t u r e  h a d  a ca rcass  choles terol  c o n c e n t r a t i o n  
s imi la r  to  t h a t  f o u n d  in r a t s  f e d  s ta rch ,  b u t  t he  h e a v i e s t  
a n i m a l s  fed su ch  a m i x t u r e  h a d  a g rea te r  c o n c e n t r a t i o n  
of carcass  choles tero l  t h a n  was  found  in r a t s  fed sucrose  
or lac tose  as  t h e  on ly  source  of c a r b o h y d r a t e .  

To our  knowledge,  no s t u d y  ha s  been  c o n d u c t e d  on t h i s  
r e l a t ionsh ip  b e tween  d i e t a r y  c a r b o h y d r a t e  and  t i s sue  
choles terol  in y o u n g ,  r ap id ly  g rowing  an ima l s .  

Materials and animals. T h e  25 r a t s  used  in th i s  s t u d y  
were  weanl ing ,  m a l e  S p r a g u e - D a w l e y  s t r a i n  a n d  t h e y  
were he ld  on a c o m m e r c i a l  s t ock  d ie t  for 5 d a y s  pr ior  to  
the  s t a r t  of t h e  s t u d y .  5 r a t s  were t h e n  r a n d o m l y  se lected 
a n d  sacrif iced in order  for in i t ia l  carcass  a n d  s e r u m  com-  
pos i t ion  to be d e t e r m i n e d .  T h e  blood was  r e m o v e d  b y  
h e a r t  p u n c t u r e  a n d  t h e  g a s t r o i n t e s t i n a l  t r a c t  was  re- 
moved ,  f l u shed  of i ts  c o n t e n t s  and  r e t u r n e d  to t h e  
carcass .  All ca rcasses  were h o m o g e n i z e d  pr ior  to ana ly s i s  
for mois tu re ,  pro te in ,  fat ,  ash,  a n d  choles terol  by  m i x i n g  
in a W a r i n g  b l ende r  w i t h  2 p a r t s  wa te r  a n d  iceS. 

T h e  20 e x p e r i m e n t a l  a n i m a l s  were a s s igned  in g roups  of 
10 to  one of 2 d ie ts  as descr ibed  in Tab le  I. These  d ie t s  
con t a in  a r o u n d  50% of the i r  calories as fat ,  wh i c h  is 
ave rage  for U.S.  h u m a n  diets ,  and  o n l y  12% of t h e  
calories  f r o m  c a r b o h y d r a t e .  Such  a c a r b o h y d r a t e  low 
d ie t  h a s  been  r e c o m m e n d e d  by  YUDKIN e t  al. e for w e i g h t  
reduc t ion .  I n  one d ie t  t he  on ly  source  of c a r b o h y d r a t e  is 
s t a r c h  while in t h e  o the r  it  is a m i x t u r e  of  c a r b o h y d r a t e s  
s i m u l a t i n g  t h a t  f o u nd  in U.S.  ' m a r k e t  b a s k e t '  diets .  One  
ha l f  of t h e  a n i m a l s  on each  d ie t  were forced to  r u n  for 
15 m i n  on a t r e a d m i l l  dai ly,  while  t h e  o the r  ha l f  re- 
m a i n e d  seden ta ry .  Af t e r  30 d a y s  the  20 a n i m a l s  were 
sacrif iced a n d  c h a n g e s  in s e r u m  a n d  carcass  c o m p o s i t i o n  
de t e rmined .  

Results. B o d y  we igh t  ga in  a n d  body  c o m p o s i t i o n  ga in  
in t e r m s  of moi s tu re ,  pro te in ,  fat ,  a n d  a sh  were no t  a l t e red  

b y  e i the r  d ie t  or th6  mi ld  exercise  forced on t he  a n i m a l s  
(Table II).  The re  were also no s ign i f i can t  d i f ferences  in t he  
caloric i n t a k e  a n d  s e r u m  choles te ro l  levels  p r e s e n t e d  in 
Ta b l e  I I I .  However ,  t he  F igu re  shows  t h a t  ca rcass  
choles tero l  ga in  was  re la ted  in a d i f fe ren t  w a y  to  inges ta -  
free w e i g h t  ga in  w h e n  d i f fe ren t  c a r b o h y d r a t e  sources  were  
fed. As in our  p r e v ious  r e su l t s  w i t h  y o u n g  a d u l t  m a l e  
r a t s  s t he r e  w a s  l i t t le  r e l a t i onsh ip  b e t w e e n  t i s sue  choles-  
terol ga in  a n d  inges ta - f ree  w e i g h t  ga in  w h e n  s t a r c h  was  
t he  on ly  d i e t a r y  c a r b o h y d r a t e .  However ,  w h e n  t he  d i e t a r y  
c a r b o h y d r a t e  was  a m i x t u r e  s imi la r  to  t h a t  f ound  in U.S.  
' m a r k e t  b a s k e t '  diets ,  t h e  choles te ro l  ga in  w a s  m u c h  more  
w e igh t  ga in  d e p e n d e n t  a n d  t he  d i f fe rences  b e t w e e n  these  
two  l inea r  regress ions  are h i g h l y  s ign i f i can t  (p < 0.01). 
Exerc i se  per  se u n d e r  t he se  cond i t ions  did  no t  in f luence  
these  regress ions .  

Table I. Composition of high fat diets containing either starch as the 
only carbohydrate or a mixture of carbohydrates simulating that 
found in U.S. 'market basket' diets 

Starch Carbohydrate 
only mixture 
% % 

Lactalbumin 48.07 48.07 
Corn starch 15.50 6.20 
Lactose - 3.10 
Dextrin - 1.55 
Sucrose - 1.55 
Glucose - 1.55 
Fructose 1.55 
Safflower oil 6.70 6.70 
Beef tallow 21.40 21.40 
Vitamin A and D concentration 0.06 0.06 
Salt mix, BER~HART-TOMARELLI 5 5.40 5,40 
Cellulose 2.81 2.81 
Vitamin mix s 0.06 0.06 
TOTAL 100.00 100.00 

Gross Calories, keal/g 5.07 5.07 

1 p .T .  Kuo and D. R. BASSETT, Ann. intern. Med. 62, 1199 (1965). 
J. YUOKIN, Lancet 2, 4 (1964). 

3 R.A. AI-IRENS, S. S. WELSH, g .  L. ADAMS, t{. P. TAYLOR and D. L. 
KELLEY', J. Nutr. 95, 303 (1968). 

4 j .  F. EHEART and B. S. MASON, J. Ass. off. agric. Chem. 47, 823 
(1964). 

.5 F. W. BERNHART and R. M. TOMARELLI, J. Nutr. 89, 495 (1966). 
s A. L. NICHOLSON and J. YUDKIN, Proc. Nutr. Soc. 28, 13 (1969). 

Table IL Effects on body weight gain and gains in body components by force-exercising rats fed 2 carbohydrate sources 

Carbohydrate source- Ingesta-free gain 
activity combination Weight (g) Water (g) Protein (g) Fat (g) Ash (g) 

Starch-Exercised 107.0 =L 12.2 ~ 63.6 4- 7.0 25.2 ~ 4.5 18.5 4. 2.0 3.1 4- 0:4 
Starch-Sedentary 91.0 4- 14.8 52.0 i 8.8 21.7 4- 3.0 19.9 4- 2.8 2.6 4- 0.7 
Mixture-Exercised 129.0 =E 7.2 75.2 4- 4.8 29.9 • 1.5 24.0 4- 0.9 3.6 4- 0.2 
Mixture-Sedentary 116.2 K: 15.4 65.8 ~ 9:4 29.5 4- 3.0 20.7 4- 3.2 4.7 4- 0.6 

Standard error of the mean. 
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Table III. Comparison of mean caloric intakes and serum cholesterol levels as influenced by dietary carbohydrate source and forced exercise 

Carbohydrate Caloric intake Serum cholesterol 
source 

Exercised Sedentary Exercised Sedentary 
(kcal/day) (kcal/day) (mg/100 ml) (mg/100ml) 

Starch 41.0 4- 2.5 ~ 38.7 i 2.2 48.0 -I- 6.0 89.0 =E 32.4 
Mixture 45.3 2t- 2.7 43.1 :t: 3,4 78.0 j= 27.0 78.6 4- 13.8 

Standard error of the mean. 

Conclusion, Weanl ing,  male  ra ts  were fed diets  where  
the  c a r b o h y d r a t e  source was provided  e i ther  by  s ta rch  or 
a m ix tu r e  of c a rbohydra t e s  similar  to t h a t  found  in U.S. 
' m a r k e t  baske t '  diets.  Hal f  the  animals  were forced to  
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Regression lines of body cholesterol gain vs. ingesta-free body 
weight gain as influenced by dietary carbohydrate sources. Moderate 
forced exercising by treadmill running (15 rain/day) bad no effect on 
this regression, and hence each line represents 10 observations. The 
linear regression equation is indicated for each line. 

exercise by  15 min of t readmi l l  runn ing  daily. Tissue 
cholesterol  accumula t ion  in the  ra t s  fed only s ta rch  was 
unre la ted  to  weigh t  gain, bu t  in those  fed the  mix tu re  of 
c a rbohydra t e s  the  t issue cholesterol  gain was h igh ly  
we igh t  gain dependen t .  

Zusammenfassung. Drei  W o c h e n  alte m~Lnnliche R a t t e n  
wurden  auf eine Digt  gesetzt ,  aus der  die K o h l e h y d r a t -  
quelle en twede r  aus St~Lrke ode l  einer Mischung yon  
Koh lehyd ra t en ,  die dem U . S . - E r n / i h r u n g s s t a n d a r d  
gleicht, bes tand .  Die Cho les t ro lansammlung  im Gewebe 
der  Ra t t en ,  denen  nur  St~rke gef i i t te r t  wurde,  s t a n d  
n ich t  in Ve rb indung  m i t  der  Gewich t szunahme;  dagegen  
s t and  die Choles t ro lzunahme im Gewebe jener  R a t t e n ,  
die mi t  einer  Mischung yon K o h l e h y d r a t e n  ern/ ihrt  wur-  
den, in d i r ek t em Z u s a m m e n h a n g  mi t  der  Z u n ah me  in 
Gewicht .  
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Optic Evoked Potential Changes Induced b y  D e a m i n a t e d  M e t a b o l i t e s  o f  S e r o t o n i n :  5 - H y d r o x y t r y p -  

tophol and 5-Hydroxyindole Acetic Acid 

Al though  monoamine  oxidase (MAO) has been  con- 
s idered the  'chol ines terase '  of serotonin  (5HT), m a n y  of 
the  effects  of th is  amine  or of its precursor,  5-hydroxy-  
t r y p t o p h a n  (5HTP),  are p r e v e n t e d  or ' reversed '  r a the r  
t h a n  enhanced  b y  MAO inhibi t ion:  e n h a n c e m e n t  of 
c a r b o h y d r a t e  me tabo l i sm 1, p ro tec t ion  agains t  rad ia t ion  ~, 
sleep induc t ion  in newly  ha t ched  chicks 3, ,, e n h a n c e m e n t  
of slow phot ic  evoked poten t ia l s  5, etc. A m o n g  o ther  
a l te rnat ives ,  it  is possible t h a t  pa r t  of the  effect  of 5HT 
be indirect ,  i.e., med ia ted  by  the  fo rma t ion  of one or more  
of its d e a m i n a t e d  p roduc t s  : 5 -hydroxy indo leace ta ldehyde  
(5 -hydroxy t ryp ta ldehyde ,  5HTA), 5 - h y d r o x y t r y p t o p h o l  
(5HTOL) or 5 -hydroxyindole  acetic acid (5HIAA).  We  
have  shown t h a t  5 H T A  and  t r y p t a l d e h y d e  (3-indoleacetal-  
dehyde)  mimic  the  effects  of 5HT and  t r y p t a m i n e  on 
r abb i t  pho t i  c evoked po ten t i a l s  s, ~ and  on sleep i nduc t i on  
in newly  h a t c h e d  chicks*. 5HTOL m a y  in te rvene  in t he  
cont ro l  of the  secret ion of luteinizing ho rmone  in ra t s  7. 

There  is also b iochemica l  evidence for a physiological  
significance of 5HT d e a m i n a t e d  p roduc t s :  (a) The in- 

corpora t ion  of r ad ioac t iv i ty  in to  the  acid-insoluble frac- 
t ion of b ra in  homogena te s  f rom labeled 5HT or 5 H T P  is 
blocked by  MAOI ' s  s,9. (b) The reduc t ion  of 5HTA to 
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