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Influence of dietary carnitine on lipid and carbohydrate 
metabolism in rats 
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and  a D e p a r t m e n  t o f  H u m a n  N u t r i t i o n ,  A g r i c u l t u r a l  U n i v e r s i t y ,  
W a g e n i n g e n ,  T h e  N e t h e r l a n d s  

Summary: Dietary saturated fatty acids, when compared  with polyunsa tura ted  
fatty acids, increase plasma triglyceride and cholesterol concentrations,  possibly 
because saturated fatty acids are preferential ly converted into triglycerides. Car- 
nitine is known to st imulate the oxidation of fatty acids and the formation of  ketone 
bodies, and thus divert  fatty acids fl'om the pathway of esterification and triglyc- 
eride synthesis. In rats fed semipurif ied diets, we tested the hypothesis  that  car- 
nitine counteracts the increase in plasma cholesterol and tr iglycerides seen after the 
feeding of saturated fatty acids. Indeed,  saturated fatty acids in the form of  coconut 
fat were found to increase plasma tr iglyceride and cholesterol concentrat ions when 
compared with polyunsaturated fatty acids fed as corn oil. The addi t ion of carnit ine 
to the diet (1%, w/w) did not affect this differential  fat effect. Thus the hypothesis  
would be disproved. However, it cannot be excluded that  the exper imenta l  condi- 
tions were improper,  so as to demonstra te  an interaction between dietary earnit ine 
and satm'ated fatty acids: dietary carnitine per  se did not influence the blood 
concentration of ketone bodies. 

Zusammenfassung: Im Vergleich zu mehrfach unges~ttigten Fetts~uren in der  
Nahrung erhShen ges~ttigte Fetts~uren die Cholesterin- und Triglyceridekonzen- 
trationen im Plasma, mbglicherweise well ges~ttigte Fetts~uren vorzugsweise in 
Triglyceride umgewandel t  werden, Es ist wohlbekannt ,  daJ3 Karnit in sowohl die 
Oxidation yon Fetts~iuren als such die Ketonk~Srpersynthese anregt und damit  die 
Veresterung und Triglyceridsynthese yon Fetts~uren verhindert .  Anhand  von Rat- 
ten, denen halbgereinigte Di~ten verabreicht  wurden, haben wir die Hypothese  
geprtift, ob Karnit in der durch ges~ttigte Fetts~uren induzierten Erhbhung der 
Cholesterin_ und Triglyceridspiegel  entgegenwirkt .  Ges~ttigte Fetts~uren in Form 
yon Kokosbl  erhShten tats~ichlich die Plasmakonzentra t ionen yon Triglyceriden 
und Cholesterin im Vergleich mit  mehrfach unges~ttigten Fetts~iuren in Form von 
MaisS1. Der Zusatz yon Karnit in in der Digit hatte keinen Einflu/~ auf  diesen 
~etteffekt. Also ist die Hypothese  abzulehnen. Es ist mbglich, dab die exper imen-  
tellen Konditionen nicht hinreichend waren, um eine gegenseit ige Beeinflussung 
yon Karnitin und ges~ttigten Fetts~uren in der  Nahrung feststellen zu k6nnen: 
Nahrungskarni t in hatte keinen Effekt auf  den Blutspiegel  yon Ketokbrpern.  

Key  words: dietary carnitine,  lipid metabolism; carbohydrate metabolism 

SchlOsselw6rter: di~tetisches K_arnitin; L_ipidstoffwechsel; K_arbohydratstoff- 
Wechsel 

913 



78 Zeitschrif t  s Ern~hrungswissenschaft ,  Band 27, Hei~ 2 (1988) 

I n t r o d u c t i o n  

C a r n i t i n e  is e s s e n t i a l  for  t r a n s p o r t  o f  a c t i v a t e d  l o n g - c h a i n  f a t t y  ac ids  
a c r o s s  t h e  i n n e r  m i t o c h o n d r i a l  m e m b r a n e  to  s i t e s  o f  b e t a - o x i d a t i o n  (6). 
T h u s  c a r n i t i n e  m i g h t  p l a y  a k e y  ro le  in t h e  r e g u l a t i o n  o f  f a t t y  ac id  
m e t a b o l i s m .  I n  d i e t - i n d u c e d  h y p e r l i p i d e m i c  ra ts ,  i n g e s t i o n  o f  c a r n i t i n e  
p r o d u c e d  a d e c r e a s e  in  p l a s m a  t r i g l y c e r i d e s  (8, 11, 12). C a r n i t i n e  t r e a t m e n t  
a l so  l e d  to  i n c r e a s e s  in  p l a s m a  c a r n i t i n e  a n d  a c y l c a r n i t i n e  l e v e l s  (8, 11), 
w h i c h  m a y  p r o m o t e  i n c r e a s e d  r a t e s  o f  b e t a - o x i d a t i o n ,  as  i l l u s t r a t e d  b y  a 
t e n d e n c y  t o w a r d s  r a i s e d  k e t o n e  b o d y  l eve l s  in  p l a s m a  (8). P o s s i b l y ,  car-  
n i t i n e  s u p p l e m e n t a t i o n  i n d u c e s  t h e  l i ve r  to  p r e f e r e n t i a l l y  c o n v e r t  f a t ty  
a c i d s  in to  k e t o n e  b o d i e s  i n s t e a d  o f  in to  t r i g l y c e r i d e s .  We  h a v e  p r o p o s e d  
e a r l i e r  (3), t h a t  t h e  m e t a b o l i c  bas i s  for  p l a s m a  t r i g l y c e r i d e  l o w e r i n g  b y  
d i e t a r y  p o l y u n s a t u r a t e d  f a t t y  ac ids ,  w h e n  c o m p a r e d  w i t h  s a t u r a t e d  fa t ty  
ac ids ,  m a y  i n v o l v e  p r e f e r e n t i a l  c o n v e r s i o n  o f  p o l y u n s a t u r a t e d  f a t t y  a c i d s  
in to  k e t o n e  b o d i e s .  C o n s e q u e n t l y ,  t h e r e  is a d i m i n i s h e d  s y n t h e s i s  of  
t r i g l y c e r i d e s  a n d  d e p r e s s e d  f o r m a t i o n  o f  v e r y - l o w - d e n s i t y  l i p o p r o t e i n s  
a n d  a lso  o f  t h e i r  p r o d u c t s ,  l o w - d e n s i t y  l i p o p r o t e i n s ,  w h i c h  c a r r y  m o s t  of  
t h e  c h o l e s t e r o l  in  p l a s m a .  T h u s  p l a s m a  c h o l e s t e r o l  l e v e l s  wi l l  be  
d e c r e a s e d .  I t  c o u l d  b e  h y p o t h e s i z e d  t h a t  c a r n i t i n e  c o u n t e r a c t s  t h e  
i n c r e a s e  in  p l a s m a  t r i g l y c e r i d e s  a n d  c h o l e s t e r o l  as  i n d u c e d  b y  d i e t a r y  
s a t u r a t e d  f a t t y  ac ids .  I n  t he  p r e s e n t  s t u d y ,  t h i s  h y p o t h e s i s  w a s  t e s t e d  
u s i n g  rats .  S i n c e  f a t t y  a c i d  a n d  k e t o n e  b o d y  m e t a b o l i s m  a re  i n t i m a t e l y  
r e l a t e d  to  c a r b o h y d r a t e  m e t a b o l i s m ,  p l a s m a  g l u c o s e  a n d  l i ve r  g l y c o g e n  
c o n c e n t r a t i o n s  w e r e  a lso  m e a s u r e d .  

Mater ia l s  and  M e t h o d s  

Female, random-bred Wistar rats (Cpb/WU) were used. Until the beginning of the 
exper iment  (Day 0) the animals were maintained on a commercial  pelleted rat diet 
(RMH-B R, Hope Farms BV, Woerden, The Netherlands),  which was provided as 
meal from Day -9. From the age of 5 weeks the rats were housed individual ly  in 
cages (24 x 17 x 17 cm) constructed of stainless steel with wire mesh bases. The cages 
were located in a room with controlled lighting (12 h/day), constant  temperature  
(20 ~ and relative humidi ty  (55-65 %). 

At Day 0 of the experiment ,  the rats, aged 7 weeks, were divided into eight dietary 
groups consisting of six animals each. The distr ibut ions of p lasma cholesterol 
concentrations and body weights were similar for all groups. The composi t ions of 
the semipurified diets, which were provided in meal form, are given in Table I. The 
type of fat (corn oil versus coconut fat), the amount  of cholesterol in the diet 
(essentially cholesterol-free versus 1% cholesterol) and the amount  of carnitine 
(essentially carnitine-free versus 1% carnitine) were the only variables. The animals 
received the exper imental  diets for 21 days. Food and tap water  were provided ad 
libitum. 

Blood samples were taken into heparinized tubes after a 16-h fast by orbital 
puncture under  light diethyl-ether anesthesia. At the end of the exper iment  the 
anesthetized animals were sacrificed by decapitation. The livers were removed,  
weighed and stored at -20  ~ until analysis. 

Crude fat concentrations and fatty acid composit ion of the whole diets were 
determined according to Folch et al. (5) and Metcalfe et al. (9), respectively.  Plasma 
total cholesterol was measured enzymatically according to Siedel  et al. (14), by 
using a test combinat ion (Monotest). Plasma tr iglycerides were measured enzymati-  
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cally with a test combination according to Sullivan et al. (15). Plasma glucose was 
measured enzymatically according to Schmidt  (13), using a test combination 
(Gluco-quant). Analysis of acetoacetate and D-3-hydroxybutyrate in blood was 
performed as described earlier (10). All plasma and blood analyses were performed 
in duplicate on a Multistat III plus micro-centrifugal analyzer (Instrumentation 
Laboratory Inc., Lexington, MA, USA). All test combinations were purchased fror~ 
Boehringer Mannheim GmbH, FRG. The livers were homogenized in distillcd 
water, and cholesterol was extracted and analyzed according to Abell et al. (1). Liver 
homogenate  samples were treated with Dreywood's  anthron reagent and glycogen 
was determined as glucose according to Hassid and Abraham (7). 

R e s u l t s  a n d  D i s c u s s i o n  

T a b l e  2 s h o w s  t h a t  b o d y  w e i g h t s  and  f e e d  i n t a k e s  t e n d e d  to be  some-  
w h a t  l o w e r  in  t he  g r o u p s  fed  ca rn i t ine .  As  w o u l d  be  a n t i c i p a t e d  (10), 
d i e t a ry  c h o l e s t e r o l  i n c r e a s e d  l i v e r  w e t  w e i g h t .  

As  d o c u m e n t e d  in T a b l e  3, d i e t a r y  c o r n  oil  i n d u c e d  l o w e r  c o n c e n t r a -  
t i ons  of  t r i g l y c e r i d e s  in p l a s m a  t h a n  d id  c o c o n u t  fat. D i e t a r y  c a r n i t i n e  did 
no t  a f fec t  th is  d i f f e r ence ,  w h i c h  d i s p r o v e s  t he  h y p o t h e s i s  t h a t  t r i g g e r e d  
this  i n v e s t i g a t i o n .  T h e  d i e t a r y  e f fec t s  on  b l o o d  k e t o n e  b o d i e s  a re  no t  
en t i r e ly  in  a g r e e m e n t  w i t h  t h e  h y p o t h e s i s  e i ther .  I n d e e d ,  c o c o n u t  fat 
t e n d e d  to d e c r e a s e  b l o o d  c o n c e n t r a t i o n s  o f  a c e t o a c e t a t e ,  b u t  d i e t a r y  car- 
n i t i ne  d id  no t  c o u n t e r a c t  th i s  effect .  B l o o d  l eve l s  o f  D - 3 - h y d r o x y b u t y r a t e  
w e r e  n o t  s y s t e m a t i c a l l y  i n f l u e n c e d .  

D i e t a r y  c o r n  oil  l o w e r e d  p l a s m a  c h o l e s t e r o l  c o n c e n t r a t i o n s  w h e n  c o m -  
p a r e d  w i t h  c o c o n u t  fat  (Table  3). D i e t a r y  c h o l e s t e r o l  i n c r e a s e d  p l a s m a  

Table 2. Body and liver weight, and feed intake. 

Diet 

Measure Corn oil Coconut fat Corn oil + Coconut fat 
cholesterol + cholesterol 

Body weight (g) 
initial 
- carnitine 124 + 9.8 125 + 8.6 120 • 10.0 
+ carnitine 122 + 9.8 119 + 11.4 118 + 7.8 
final 
- carnitine 170 + 14.2 185 + 15.6 174 • 17.2 
+ carnitine 153 _+ 20.4 158 + 11.4 161 + 16.9 

Liver weight (g) 
- carnitine 5.6 + 0.78 4.8 _+ 0.44 7.4 + 0.87 b 
+ carnitine 4.4 + 0.513 5.0 + 0.32 6.8 __+ 1.24 b 

Feed intake (g/day) 
- carnitine 12.9 + 1.46 12.3 + 0.90 13.5 + 1.64 
+ carnitine 12.0 _+ 1.22 12.3 + 0.82 12.6 _+ 0.82 

118 _+ 9.4 
117 + 7.9 

168 + 9.7 
160 + 10.7 

5.8 + 0.43 b 
5.8 + 0.95 

13.2 + 0.80 
12.6 + 0.59 

Results are expressed as means + SD for six animals in each group. The experiment  
lasted 21 days. aSignificantly different from comparable group fed diet without 
carnitine and b significantly different from comparable group fed diet without 
cholesterol (p < 0.05; two4ailed Student 's  t-test). 
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c h o l e s t e r o l  c o n c e n t r a t i o n s ,  b u t  d i d  n o t  a l t e r  t h e  l o w e r i n g  e f f e c t  o f  c o r n  oi l .  
I t  is  i n t e r e s t i n g  t o  n o t e  t h a t  c a r n i t i n e  t e n d e d  t o  l o w e r  p l a s m a  c h o l e s t e r o l  
w h e n  t h e  d i e t  c o n t a i n e d  c o r n  oi l ,  b u t  n o t  w h e n  i t  c o n t a i n e d  c o c o n u t  fa t .  
N o  s a t i s f a c t o r y  e x p l a n a t i o n  c a n  b e  g i v e n .  I n  a n y  e v e n t ,  i t  c o u l d  i m p l y  t h a t  
t h e  c h o l e s t e r o l  e l e v a t i n g  a c t i o n  o f  c o c o n u t  f a t  is  n o t  r e l a t e d  t o  t h e  c o m b i -  
n a t i o n  o f  a d i m i n i s h e d  c o n v e r s i o n  o f  f a t t y  a c i d s  i n t o  k e t o n e  b o d i e s ,  a n d  a n  
e n h a n c e d  s y n t h e s i s  o f  t r i g l y c e r i d e s .  A g a i n ,  o u r  h y p o t h e s i s  i s  c o n t e s t e d .  

C h o l e s t e r o l  f e e d i n g  c a u s e d  a d r a m a t i c  i n c r e a s e  i n  l i v e r  c h o l e s t e r o l  w i t h  
a l l  d i e t a r y  f a t - c a r n i t i n e  c o m b i n a t i o n s ,  t h i s  e f f e c t  b e i n g  a m p l i f i e d  b y  d i e t -  

Table  3. L ive r  cho le s t e ro l  a n d  g lycogen,  p l a s m a  choles te ro l ,  g lucose ,  a n d  t r ig lycer-  
ides, a n d  b lood  k e t o n e  b o d i e s  in ra t s  fed  t he  e x p e r i m e n t a l  diets .  

D ie t  

Measure  Corn  oil C o c o n u t  fat  Co rn  oil + C o c o n u t  fa t  
c h o l e s t e r o l  + cho l e s t e ro l  

Liver  
choles tero l  (~mol/g) 
- ca rn i t i ne  7.7 + 2.56 6.3 + 0.76 102.7 + 19.9 b 46.8 + 7.17 b'~ 
+ ca rn i t i ne  7.4 + 1.34 6.8 + 1.02 100.1 + 14.7 b 42.8 + 17.7 b'c 
g lycogen  (rag/g) 
- c a r n i t i n e  1.47 + 0.26 1.39 + 0.18 2.54 _+ 0.93 ~ 2.02 _+ 0.24 b 
+ c a r n i t i n e  1.40 _ 0.21 1.48 +_ 0.33 2.04 +_ 1.04 2.24 +_+_ 0.46 b 

P l a s m a  
cho les te ro l  (raM) 
ini t ial  

- ca rn i t i ne  2.64 + 0.36 2.64 ___ 0.34 2.71 + 0.33 2.70 _+ 0.36 
+ ca rn i t i ne  2.61 • 0.32 2.66 _+ 0.30 2.60 +_ 0.30 2.55 _+ 0.29 
final 

- ca rn i t i ne  1.95 + 0.43 2.26 _+ 0.19 2.97 _ 1.24 3.28 • 0.90 b 
+ ca rn i t i ne  1.54 + 0.37 2.68 + 0.21 r 2.86 • 1.10 b 3.38 • 1.31 
glucose (raM) 

ca rn i t ine  6.0 +__ 0.84 6.4 + 0.63 6.1 _+ 0.68 6.7 • 1.01 
+ ca rn i t ine  5.7 _+ 0.58 7.3 + 0.71 ~ 5.6 +_ 0.35 6.8 • 0.4K 
t r ig lycer ides  (raM) 
- ca rn i t i ne  0.45 • 0.20 0.50 • 0.09 0.28 + 0.08 0.39 • 0.22 
+ ca rn i t ine  0.30 + 0.04 0.52 _ 0.14 ~ 0.24 +_ 0.06 0.38 + 0.25 
Blood 
ace toace ta te  (raM) 

ca rn i t inc  0.67 +_ 0.20 0.63 + 0.11 0.70 + 0.19 0.50 +_ 0.10 c 
+ ca rn i t ine  0.59 + 0.06 0.47 • 0.09 ",c 0.73 + 0.15 0.55 _+ 0.i1 c 
D-3-OH-butyra te  (raM) 

- ca rn i t ine  1.19 _+ 0.36 1.23 • 0.26 1.07 • 0.37 1.03 + 0.25 
+ ca rn i t ine  1.33 _+ 0.21 0.86 + 0.21 ~'r 1.15 + 0.22 1.08 + 0.24 

Resul ts  are e x p r e s s e d  as m e a n s  _+ SD for  s ix a n i m a l s  in  e a c h  group .  T h e  e x p e r i m e n t  
las ted  21 days. aS ign i f i can t ly  d i f f e ren t  f rom c o m p a r a b l e  g r o u p  fed d ie t  w i t h o u t  
carni t ine,  b s ign i f i can t ly  d i f f e ren t  f rom c o m p a r a b l e  g r o u p  fed d ie t  w i t h o u t  cho les t e -  
rol, and  ~ s ign i f ican t ly  d i f f e ren t  f rom c o m p a r a b l e  g r o u p  fed co rn  oil (p < 0.05; two-  
tai led S t u d e n t ' s  t-test). 
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ary corn oil when  compared  with coconut  fat (Table 3). This effect of  cor~ 
oil is consis tent  with earlier observat ions (2, 10). Dietary carnit ine did not 
affect liver cholesterol concentrat ions.  

In agreement  with earlier work  (10), dietary cholesterol  elevated liver 
g lycogen concentrat ions.  The type  of dietary fat and the a m o u n t  of  dietary 
carnit ine did not  modify  this effect of dietary cholesterol  (Table 3). 
Al though not  statistically significant, it would  appear  that  corn  oil pro- 
duced higher  liver g lycogen concentra t ions  than coconu t  fat, in the ab- 
sence rather  than in the presence of carnit ine (Table 3). On the other  hand, 
carnit ine t ended  to increase liver g lycogen levels on diets containing 
coconut  fat. No such effect was seen with diets conta ining corn  oil. 
Fur ther  studies are required on this point. P lasma glucose concentrat ions 
were somewhat  increased with diets containing coconu t  fat compared  
with corn oil. Carnitine did not  systematical ly influence plasma glucose. 

We have investigated whether  dietary carnit ine would  be able to 
antagonize the elevation of plasma triglycerides and cholesterol  induced 
by dietary saturated fatty acids when  compared  with polyunsatura ted  
fatty acids. It is clear that  carnit ine did not  have such an effect. The 
implication is that  this s tudy  does not lend suppor t  to the idea (3) that 
dietary saturated fatty acids increase p lasma tr iglycerides and cholesterol 
because these fatty acids are preferentially used for tr iglyceride synthesis 
rather than oxidation and successive ketone body  formation.  It is possible 
however,  that  under  the present  condi t ions  the hypothes is  could not  be 
tested, since carnitine was ineffective, possibly because the metabol i sm of 
the rats was already saturated with carnitine. This not ion is derived from 
the observat ion that carnitine per se did not  affect blood levels of  ketone 
bodies. However,  it should be realized that  the flux th rough  the pool of 
ketone bodies may  increase wi thout  inf luencing pool size. 

A k n o w l e d g e m  en ts 

We thank G. van Tintelen (Small Animal Center, Agricultural University) for 
taking care of the rats and for biotechnical assistance, and A. G. Lemmens for 
expert analytical help. 

Referen ces 

i, Abel LL, Levy BB, Brodie BB, Kendall FE (1952) J Biol Chem 195:357 
2. Beynen AC (1987) Nutr Rep Int 35:1327 
3. Beynen AC, Katan MB (1985) Am J Clin Nutr 42:560 
4. Beynen AC, West CE, Van Zutphen LFM, Katan MB (1986) Nutr Rep Int 33:71 
5. Folch J, Lees M, Sloane-Stanley GH (1957) J Biol Chem 266:497 
6. Fritz IB (1959) Am J Physiol 197:297 
7. Hassid WZ, Abraham S (1957) In: Colowick SP, Kaplan NO (eds) Methods ir~ 

Enzymology, Vol 3, Academic Press, New York, p 34 
8. Maccari F, Pessotto P, Ramacci MT, Angelucci L (1985) Life Sci 36:1967 
9. Metcalfe LD, Schmitz AA, Pelka JR (1966) Anal Chem 18:514 

10. Meijer GW, De Bruijne J J, Beynen AC (1987) Int J Vit Nutr Res 57:319 
11. Rhew TH, Sachan DS (1986) J Nutr 116:2263 
12. Richter V, Schulz G, Rassoul F, Sittner W-D, Seim H, Loster H, Rotzsch W 

(1986) In: Haller H, Hanefeld M, Jaross W, Leonhardt W, Dude H (eds) Advances 



Meijer and Beynen, Influence on dietary carnitine 83 

in l ipoprotein and atherosclerosis research, diagnostics and treatment.  VEB 
Berlin Chemie, Berlin, p 634 

13. Schmidt  FH (1961) Klin Wochenschr 39:1244 
14. Siedel J, Hagele EO, Ziegenhorn J, Wahlefeld AW (1983) Clin Chem 29:1075 
15. Sullivan DR, Kruijswijk Z, West CE, Kohlmeier  M, Katan MB (1985) Clin Chem 

31:1227 

Received March 1, 1988 

Authors'  address:  

Gert W. Meijer, M. Sc., Depar tment  of Labora tory  Animal  Science, State Univer- 
sity, Yalelaan 1, De Uithof, P. O. Box 80.166, 3508 TD Utrecht,  The Nether lands 


