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When  an an ima l  cell gets  par t  of the  ene rgy  it needs  f rom the ox ida t ion  
of long-chain  fa t ty  acids ( those wi th  m o r e  t h a n  12 c a r b o n  atoms),  it m u s t  
t r anspo r t  t h e m  f r o m  the  c y t o p l a s m  to the  mi tochondr ia ,  wh ich  conta in  the  
enzyma t i c  m e c h a n i s m s  tha t  ca ta lyse  beta-oxidat ion .  Carni t ine  (beta- 
h y d r o x y - g a m m a - t r i m e t h y l a m i n o b u t y r a t e )  is i nd i spensab le  for  this t rans-  
por t .  

COO--CH2-CH-CH2-N+(CH3)a 

O - R  

if R = H, this  is carni t ine  
(mol. wt. 161.2) 

if R = CO-(CH2)n-CH3, 
this  is acyl-carni t ine  

Indeed ,  long-chain  fa t ty  acids can  cross  the  in ternal  m e m b r a n e  of the  
m i t o c h o n d r i o n  only  in the  f o r m  of acyl-carni t ines  (1). A def ic iency  of 
carni t ine  in the  t i ssues  has  b e e n  l inked  wi th  an incapac i ty  to oxidize fa t ty  
acids and  the i r  a c c u m u l a t i o n  in the  f o r m  of t r iacylg lycerols  in the  cel lular  
c y t o p l a s m  (2). Obvious ly ,  then,  carn i t ine  is of f u n d a m e n t a l  i m p o r t a n c e  in 
the  regula t ion  of t i ssue  ox ida t ion  of fa t ty  acids (3) and  in hepat ic  
ke togenes i s  (4). 

A suff ic ient  concen t ra t ion  of carn i t ine  is the re fo re  essent ia l  for  n o r m a l  
l ipid me tabo l i sm.  To m e e t  the  need  for  carnit ine,  an imals  m a k e  use  of 
bo th  e n d o g e n o u s  syn thes i s  and  e x o g e n o u s  suppl ies .  Cer ta in ly  in m a m -  
mal s  in genera l  and  in h u m a n s  in part icular ,  an  essent ia l  need  for  exogen-  
ous  carn i t ine  has  neve r  b e e n  d e m o n s t r a t e d  (5). B u t  n e w b o r n  bab ies  g iven  
a carni t ine-free  diet  have  lower  s e r u m  carni t ine  concen t ra t ions  t h a n  do 
bab ies  g iven  m i l k  (6). T h e  carni t ine  supp l i ed  in m o t h e r ' s  m i l k  not  only  
raises  the  s e r u m  carni t ine  concen t ra t ion  in the  nur s ing  infan t  bu t  also 
pe rmi t s  a la rger  ene rgy  con t r ibu t ion  f rom fa t ty  acids.  In  addi t ion,  in 
recen t ly  desc r ibed  cases  of t i s sue  carni t ine  def ic iency (see ref. 7), a low 
level  of e n d o g e n o u s  syn thes i s  of this s u b s t a n c e  is of ten  cons ide red  par-  
t ially r e spons ib le  for  cer ta in  d isorders  (muscu la r  weakness ,  m y o p a t h y ,  
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a c c u m u l a t i o n  of l i p id s  i n  t h e  m u s c l e s ,  m y o g l o b i n u r i a )  w h i c h  s o m e t i m e s  
r eg ress  w h e n  c a r n i t i n e  is a d m i n i s t e r e d .  

T h e s e  o b s e r v a t i o n s  s u g g e s t  t h a t  a r e v i e w  of c u r r e n t  i n f o r m a t i o n  a b o u t  
c a r n i t i n e  in  n u t r i t i o n  w o u l d  be  use fu l ,  i n  d ie te t i cs  ( m u s t  a b a l a n c e d  d ie t  
i n c l u d e  ca rn i t ine? ) ,  i n  t h e r a p e u t i c s  ( w h e n  can  a c a r n i t i n e  s u p p l e m e n t  
r e m e d y  a c a r n i t i n e  def ic iency?) ,  and ,  f ina l ly ,  i n  r e s e a r c h  (for, as w e  sha l l  
see,  m a n y  a spec t s  of c a r n i t i n e  m e t a b o l i s m  are  w o r t h  s t udy ing ) .  

D i e t a r y  c o n t e n t  o f  carn i t ine  

O n l y  t he  L op t ica l  i s o m e r  of c a r n i t i n e  is f o u n d  i n  n a t u r e ;  t he  D f o r m  is 
b io log i ca l l y  inac t ive .  C a r n i t i n e  is f o u n d  e i t h e r  free, or  i n  a n  a c y l a t e d  form,  
b o u n d  to l o n g - c h a i n  fa t ty  ac ids  ( l o n g - c h a i n  acy l -ca rn i t ines ) ,  to s h o r t - c h a i n  
fa t ty  ac ids  ( sho r t - cha in  aey l -ca rn i t ines ) ,  or  to ace t a t e  (ace ty l -carn i t ine) .  

C a r n i t i n e  is w i d e l y  d i s t r i b u t e d  in  na tu r e .  F o o d s  of p l a n t  o r ig in  (5, 8, 9) 
a n d  m i c r o o r g a n i s m s  c o n t a i n  o n l y  Small  a m o u n t s ;  t he  f o r m e r  are  n o t  o n l y  
p o o r  in  c a r n i t i n e  b u t  are  o f t en  also p o o r  in  l y s i n e  (as i n  c e r t a i n  cereals)  a n d  
i n  m e t h i o n i n e  (as i n  s o m e  vege tab les ) ,  w h i c h  a re  p r e c u r s o r s  r e q u i r e d  for 
the  e n d o g e n o u s  s y n t h e s i s  of c a r n i t i n e  (10). C a r n i t i n e  is m o r e  a b u n d a n t  i n  
foods  of a n i m a l  o r i g i n  (ve r t eb ra t e s  or  i nve r t eb r a t e s ) ,  p a r t i c u l a r l y  i n  m u s c l e  
(I1, 12), f r o m  w h i c h  is was  f i rs t  e x t r a c t e d  a t  t h e  b e g i n n i n g  of t he  c e n t u r y .  

Table 1. Total carnitine content (mg/100 g fresh consumable material) 
of various foods (data from references 14-18). 

Beef 

Pork 
Lamb 

Sheep 

Ram 

Rabbit  

Chicken 

Hen's  eggs 
Cow's milk 

Margarine 

Fillet steak 59.80-88.66 Avocado (mesocarp) 1.25 
Shoulder, raw 67.40 Carrots 0 
Rump-steak, raw 61.60 Green beans 0.81 
Heart, raw 19.30 Peas 1.16 
Liver, raw 2.60 Spinach 0 
Kidney, raw 1.80 Tomatoes 2.93 
Liver 4.92 Sauce (ketchup) 1.61 
Skeletal muscle 77.97 Cabbage 0 
Liver, raw 2.64 Cauliflower 0.13 
Skeletal muscle 209.26 Potatoes 0 
Heart, raw 59.05 Asparagus 1.29 
Liver, raw 2.17 Peaches 1.61 
Tenderloin, raw 162.80 Pears 2.74 
Rump, raw 168.50 Pineapple 1.05 
Heart, raw 59.50 Apple puree 3.14 
Liver, raw 2.60 Orange juice 0-1.77 
Muscle, raw 21.00 Apple juice 1.29 
Liver, raw 11.10 Bearley seed 0 
Muscle, raw 4.55-9.67 Corn-seeds 0 
Liver, raw 0 . 6 1  Corn-flakes 9.51 

0-0.81 Wheat ,  seeds 0.35-1.22 

fluid 0.53-3.91 Wheat, germ 1.06 
dry, not fat 15.00 Bread, Wasa 0.24 
Whole (per 100 ml) 0.63-1.02 Bread 0.81 

1.05 Brewer's yeast 1.60-3.29 
Rice 1.77 
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Sheep  skeletal musc le  contains  more  of it (209 mg/100 g wet  muscle)  (13) 
than  any other  food. In  general, a diet r ich in meat  is cons idered  to supply  
a large a m o u n t  of carnitine, while a vegetable-based diet supplies little 
(14). Table 1 shows the carnit ine contents  of various foods. All these 
figures apply  to raw foods; since carnit ine is watersoluble  (19), any  cook- 
ing with water  natural ly causes losses of carnitine, as Mitchell (14) r ightly 
pointed  out, a l though she could no t  measure  the amoun t s  lost. 

B o r u m  et al. (15) and Schmid t -Sommer fe ld  et al. (16) measured  the 
carnit ine conten t  of 42 l iquid diet prepara t ions  given enterally or parenter-  
ally to adults or children. These diets '  carnit ine contents  were de te rmined  
by their  prote in  componen t s :  the prepara t ions  whose  prote in  came main ly  
f rom casein, eg, or soya conta ined little or no carnit ine (< 0.1 mg/100 ml), 
whereas  those based on milk prote in  or on beef prote in  contained be tween 
0.8 and 10.6mg of carnit ine per  100 ml. 

I n t e s t i n a l  a b s o r p t i o n  o f  c a r n i t i n e  

It  is general ly accepted  that  carnit ine - the L form as well as the raeemic 
form - is rapidly and comple te ly  absorbed  by  the intestinal mucosa .  The 
various publ i shed  overload tests provide only a l imited a m o u n t  of infor- 
mation,  as they  were  pe r fo rmed  in very  diverse condi t ions  and  using 
noncomparab le  subjects.  Thus  Frohl ich et al. (20) gave normal  subjects  
1 g of L-carnitine: the se rum carnit ine concent ra t ions  rose, reached a max-  
i m u m  after about  4 hours,  and seemed to have re turned  to normal  by 
5V, hours  after the beginning of the exper iment .  In  another  study,  an l l -  
year-old boy  with a sys temic  carnit ine deficiency was given 500mg of 
racemic  carnitine: the p lasma concent ra t ion  of the subs tance  rose for 3 
hours,  and had not  re turned  to the initial level even 5 hours  after reaching 
a m a x i m u m  (2). And  in yet  another  study, after a substant ial  dose (15 g) of 
L-carnitine had been given to a 10-year-old girl who  also was suffering 
f rom carnit ine deficiency, the p lasma peak  was  reached 60 minutes  later, 
and 6 hours  after the ingest ion the carnit ine concent ra t ion  was lower than  
at the start; in a y o u n g  control  subject,  the m a x i m u m  was at 30 minutes,  
bu t  the re turn  to the initial value was far f rom comple te  at 6 hours  (21). 

Mitchell (14) accepted  bo th  that  only  the free form is adsorbed  and that 
intestinal enzymes  can hydro lyse  ingested acyl-carnitines. 

Lowered  serum carnit ine concent ra t ions  have been  observed  in cases 
of malnutr i t ion,  malabsorpt ion,  Crohn ' s  disease, and  anorexia  nervosa 
(22-25), and also following jejunoileal anas tomose  carried out in cases of 
morb id  obesi ty  (26). I t  is not  known,  however ,  whe the r  these p h e n o m e n a  
are at t r ibutable to a decrease  of carnit ine absorpt ion  and/or  of lysine and 
meth ion ine  absorpt ion.  

Nei ther  is k n o w n  wha t  level in the intest ine and by what  mechan i sm 
carnit ine is absorbed,  nor  whe the r  it follows the portal  sys tem (which is 
mos t  likely for a water-soluble substance).  The very  great  loss of carnit ine 
f rom the blood of patients undergo ing  hemodia lys is  suggests  tha t  circulat- 
ing carnit ine is no t  s t rongly b o u n d  to a protein macromolecu le  (24, 27). 

The carnit ine in blood is taken  up  by the various t issues (28) and  it is 
e l iminated in the urine. In  man,  about  a tenth  of ingested L-carnitine (1 g) 
appears  in the urine within  6 hours  of its adminis t ra t ion (20); and w h e n  the 
diet is r ich in carnitine, more  of it is e l iminated in the ur ine (14). 
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Die tary  r equ i r emen t  for carnitine 

In  1948, Fraenkel  (29) repor ted  that  v i tamin B T (later recognized as 
carnitine) was essential for the g rowth  of the mealworm,  Tenebrio molitor, 
and  of several other  larvae of  the same family. Small  amoun t s  of v i tamin  
B w are enough  to ensure  the normal  g rowth  and deve lopmen t  of these 
insects. I t  was on the  basis of these observat ions  that  carnit ine was 
classified as a vitamin, a classification that  has since been withdrawn.  In 
fact, all m a m m a l s  can synthesize  carnit ine themselves  (5), and they  have  
never  been  shown to have an absolute  need  for dietary carnitine. Bu t  I 
review here the  results of studies on the subject.  

First, there  have been  studies on labora tory  animals. The in t roduc t ion  
of 0.2 % DL-carnitine into a methionine-def ic ient  (30) or a lysine-deficient  
(31) diet resul ted in a r e sumpt ion  of g rowth  in rats and  in the reduc t ion  of a 
previously  observed  accumula t ion  of lipids in the liver. On the basis of 
radioisotope exper iments ,  Cederblad and  L inds ted t  (32) repor ted  the fol- 
lowing figures: for a total pool  of 9200 ~g of carnitine, the adult  rat synthe- 
sized 486 ~g and  ingested 113 ~g per  day. But  Chris t iansen and Bremer  (33) 
t hough t  that  hepat ic  p roduc t ion  of carnit ine is sufficient to assure com- 
plete, t hough  very  slow (34), turnover .  And  the g rowth  of y o u n g  mice  was 
not  accelerated by  a carnit ine supplement ,  ei ther  in the  food of the youngs  
or in that  of their  nurs ing  mothers ,  w h e n  their  dietary prote in  supply  was 
adequate  (35). Fraenkel  (8) observed  that  rat liver and  rat musc le  conta ined 
the same amoun t s  of carnitine, whe the r  or not  the subs tance  was provided  
in the diet. However ,  the results of Tanphaich i t r  and  Broquis t  (36) and  of 
Tao et al. (37) were entirely different:  a diet conta in ing carnit ine led to 
t issue concent ra t ions  of the subs tance  that  were 20 to 40 % higher  than  
those observed  when  the diet was lacking in carnit ine bu t  conta ined the 
necessary  amoun t s  of lysine. This observat ion  suggests  that  dietary car- 
nitine plays a non-negligible role in meet ing  the needs  of the rat (38). 

Angelini  et al. (21) sugges ted  that  in h u m a n s  the dietary cont r ibut ion  of 
carnit ine is be tween  8 and  11 mg  per  day, whereas  Mitchell (14) cons idered  
these values to be serious underes t imated .  I n  an exper imen t  to s tudy  the 
el iminat ion of carnit ine in urine, Cederblad  (39) pu t  w o m e n  on a s tandard  
diet supply ing  30.6 m g  of carnit ine daily for 9 days;  this daily supply  seems 
more  plausible. 

Many  nutr i t ionists  accept  tha t  the h u m a n  diet does not  absolute ly  need 
to supply  carnitine. They  th ink  that  a heal thy person  can synthesize all the  
carnit ine needed,  p rovided  the daffy requi rements  for lysine (23 mg /kg  
body-weight)  and meth ion ine  (31 mg/kg  body-weight)  are met. And  the  
decreased  carnit ine el iminat ion in ur ine w h e n  the diet supplies less can be 
cons idered  an a rgumen t  in favor  this theory.  We nevertheless  th ink  that  
the subject  still deserves fur ther  s tudy;  until  more  is known,  we are 
incl ined to believe that  exogenous  carnit ine is useful, especially because,  
as Mitchell (14) suggests,  the a m o u n t  of carnit ine ingested m a y  influence 
the a m o u n t  synthesized by  the body.  

The  neonate ' s  carnitine r equ i remen t s  

Al though  the role of dietary carnit ine in the adul t  is controversial ,  it is 
m u c h  less so in the neonate.  H a h n  (40) has classified m a m m a l s  according  
to the a m o u n t  of lipids t ransferred f rom mothe r  to fetus: it is greater in the 
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r abb i t  a n d  the  gu inea  pig  t h a n  in the  ra t  and  the  sheep.  In  the  la t ter  two,  
carn i t ine  t r ans fe r  is also ve ry  s low (40, 41), and  the  b lood  levels  of carni t ine  
are  h igher  in the  m o t h e r  t h a n  in the  fetus.  When  rad io labe l led  carni t ine  is 
in jec ted  into the  ewe, cer ta in ly  the  t racer  appea r s  in the  t i ssues  of the  
fetus,  bu t  a lways  at  l ower  concen t ra t ions  t han  in the  c o r r e s p o n d i n g  mate r -  
nal  t i s sues  (40). In  rabb i t s  and  gu inea  pigs (40), and  also in h u m a n s  (42), the  
s e r u m  levels  of total  carni t ine  a n d  of acyl-carni t ines  are re la t ively  h igh  
dur ing  the  in t ra-uter ine  period.  The  cord  b lood  conta ins  m o r e  carni t ine  
t han  the  m a t e r n a l  b lood  does  (42), wh ich  sugges t s  tha t  the  subs t ance  is 
ac t ive ly  t r a n s p o r t e d  across  the  p lacen ta  to the  fetus.  The  fe tus  re ta ins  the  
carn i t ine  rece ived  f r o m  the  m o t he r ,  s ince the  concen t r a t ion  s e e m s  h igher  
in the  umbi l ica l  a r t e ry  t han  in the  umbi l ica l  ve in  (42). A paral lel  decrease  
of p l a s m a  carn i t ine  has  been  obs e rved  in w o m e n  towards  the  end  of the  
ges ta t ion  per iod  (42-44). This  change  is a t t r ibu tab le  par t ia l ly  to di lut ion b y  
increased  v o l u m e  - the  to ta l  poo l  of carn i t ine  increases  in the  ges ta t ing  ra t  
(45) - bu t  ma in ly  to an  increase  in the  fetal  dem an d .  A c o m b i n a t i o n  of this  
inc reased  d e m a n d  of the  fe tus  wi th  a sys t emic  carn i t ine  def ic iency  in the  
m o t h e r  can  h a v e  d rama t i c  consequences  for  the  m o t h e r  (46, 47). P r e g n a n t  
r abb i t s  and  ewes  have  inc reased  acyl -carni t ine  concen t ra t ions  (40), wh ich  
impl ies  tha t  the  avai lable  carni t ine  par t ic ipa tes  m o r e  in the  m e t a b o l i s m  of 
fa t ty  acids.  

In  m o s t  m a m m a l s ,  the  con t r ibu t ion  of l ipids to the  supp ly  of ene rgy  
increases  g rea t ly  in the  hou r s  fol lowing bir th .  A co r r e spond ing  change  in 
the  need  for  carni t ine  would  the re fo re  be  expec ted .  And  indeed,  at tha t  
t ime,  in an ima l s  and  in hum ans ,  the  b lood  and  l iver  concen t ra t ions  of total  
carn i t ine  and  of acyl-carni t ines  increase  (41, 48, 53). In  the  l iver  of the  
piglet,  for  example ,  the  a m o u n t  of carni t ine  doub le s  in the  first  24 hour s  of 
life (54); bu t  if the  pigle t  is w i thou t  food  dur ing  tha t  day, the  values  r ema in  
unchanged .  The  in t roduc t ion  of m i l k  into the  die t  of the  n e w b o r n  of 
cou r se  he lps  to  acce lera te  l ipid me tabo l i sm ,  b u t  it also he lps  to supp ly  
carnit ine.  

In  an  earl ier  sect ion,  we  m e n t i o n e d  tha t  m i lk  conta ins  s ignif icant  
a m o u n t s  of carnit ine.  Af ter  24 hour s  of nurs ing,  the  mi lk  of a m o t h e r  ra t  
conta ins  10 t imes  m o r e  carn i t ine  t han  he r  p l a s m a  does  (48). In  w o m e n ,  
adap ta t ion  of the  carni t ine  concen t ra t ions  is observed :  0 .63mg/100ml  
dur ing  the  f irst  3 days  of nurs ing,  1.02 m g  dur ing  days  4 to 7, and  0.73 m g a  
m o n t h  af ter  the  de l ivery  (16). H a h n  (41) s h o w e d  tha t  the  in ject ion of 
label led carn i t ine  into nur s ing  m o t h e r  ra ts  resu l ted  first  in the  a p p e a r a n c e  
of the  t r ace r  in the  milk ,  and  t hen  in its a c c u m u l a t i o n  in var ious  t i ssues  of 
the  babies .  In  addi t ion,  the  accumula t i on  of carni t ine  in the  ad ipose  t i ssue 
of the  n e w b o r n  coincides  wi th  the  ini t ia t ion of the  m i l k y  diet, sugges t ing  
tha t  the  oral  in take  of carn i t ine  is i m p o r t a n t  dur ing  this  per iod  (82). 

Recal l  t ha t  M c G a r r y  and  Fos te r  (48, 52) s h o w e d  tha t  the  carn i t ine  in 
mi lk  is of hepa t ic  origin: a shor t  t ime  before  par tu r i t ion  in the  rat, the  level  
of carni t ine  in the  l iver  r ises sharply ,  r e tu rn ing  to its usua l  va lue  only  af ter  
3 to 8 days  of nursing.  When  n e w b o r n s  or p r e m a t u r e  bab ies  are  g iven  a diet  
def ic ient  in carnit ine,  they  have  lower  b lood  concen t ra t ions  of carni t ine  
t h a n  do bab ies  fed on  m o t h e r ' s  m i l k  or  cow ' s  m i l k  or  r ece iv ing  a carn i t ine  
s u p p l e m e n t  (49, 51, 55, 57). B o rn i che  et  al. (58) found  tha t  the  addi t ion  of 



262 Zeitschrift few Ernfthrungswissenschaft, Band 21, Heft  4 (1982) 

carnit ine to the diet accelerated weight  gain in the nurs ing baby  and in the 
y o u n g  child wi th  post infect ion anorexia.  

To achieve an opt imal  capaci ty  to oxidize fat ty acids, then, a nurs ing 
b a b y  depends  m u c h  m o r e  on exogenous  carnit ine than  does an  adul t  (6, 
51). Yet if exogenous  carnit ine should  be totally lacking f rom diet, the 
se rum concent ra t ions  of total  carnit ine and acyl-carnit ines remain  stable, 
a l though reduced  by 45 and 35 %, respect ively (6). Thus  carnit ine seems to 
be synthes ized already at this age, a l though apparen t ly  in inadequate  
amounts .  This observat ion slightly modif ies  the opinion of St rack et al. 
(59), who  classed carnit ine unequivoca l ly  as an essential  nut r ient  for 
y o u n g  babies. 

E x o g e n o u s  carn i t ine  in certain diseases  

We shall now briefly review the various diseases in which  an exoge- 
nous  supply  of carnit ine (the DL form, or more  often the hydroch lor ide  
form [= bicarnesine],  or preferably the  L form [60]) can be helpful. 

I t  should  be r e m e m b e r e d  that  pat ients  in hospital  are often given a diet 
in which  the a m o u n t  of protein is limited, or even inadequate.  One might  
therefore wonde r  whe the r  the carnit ine pool  in hospital ized patients 
reflects this. In  addition, it has been shown that, in dogs and  in humans ,  
severe sept icemia or serious t r auma  leads to a drop in the carnit ine 
conten t  of muscles  (61). If it should tu rn  out  that  the capaci ty  to oxidize 
fat ty acids is t he reby  diminished,  a supply  of carnit ine wou ld  allow the  
energy  needs  (which are considerable  in these two condit ions)  to be bet ter  
met. Tao and Yosh imura  (62) sugges ted  add ing  carnit ine to the perfusate  
of patients being fed in t ravenously  in order  to increase their  utilization of 
fats. 

Many studies (see 3) have demons t ra t ed  a s lump in the p lasma concen-  
trat ions of carni t ine in hemodia lysed  patients.  This  observat ion  can be 
accoun ted  for, at least partially, by  carnit ine losses into the dialysis fluid. 
Oral or in t ravenous  adminis t ra t ion  of carnit ine prevents  this fall, reduces  
the hyper t r iacylg lycerolemia  observed  in these patients,  and improves  
their  muscu la r  performance.  

In subjects  with type-IV hyper l ipoprote inemia ,  the ingest ion of 900 mg  
of DL-carnitine (chloride form) per  day for 2 m o n t h s  lowers triacylgly- 
cerolemia bu t  not  cholesterolemia (64). The daily adminis t ra t ion  of 750 mg  
of L-earnitine chloride to diabetic patients with hyper l ipemia  for 4 to 6 
m o n t h s  leads to a 24 % reduct ion  of the total l ipemia (65). 

Certain myopa th ie s  accompan ied  by  an excess  of lipids are due  to a 
carnit ine deficiency; the level of carnit ine is low in the skeletal muscles  
and  somet imes  also in the b lood (7). In  some  patients,  a daily 2- to 6-g 
supp lemen t  of DL-carnitine br ings  muscu la r  improvement ,  bu t  no accom- 
pany ing  increase of the musc le  concent ra t ions  of carnit ine (66). 

Frohl ich  et al. (26) sugges ted  carnit ine t rea tment  for patients who  had  
u n d e r g o n e  jejunoileal anas tomosis  because  of morb id  obesity. Carnit ine 
has also been  prescr ibed  in a whole  series of disorders:  rnalabsorption,  
malnutr i t ion,  anorexia,  and r ickets  (7, 67, 69). In  these cases the dietary 
carnit ine def ic iency is natural ly  associated with a more  general ized defi- 
ciency, especial ly of amino acids, wh ich  makes  it difficult to demons t ra te  
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t h e  c a r n i t i n e  de f i c i ency .  A n d  in  h u m a n  i s c h e m i c  m y o c a r d i a ,  c a r n i t i n e  
i n c r e a s e s  t o l e r a n c e  to s t ress  (70). 

C o n c l u s i o n  

To c o n c l u d e  th i s  r e v i e w  of c a r n i t i n e  in  t he  h u m a n  diet ,  i t  m u s t  of 
c o u r s e  b e  r e c o g n i z e d  t h a t  a t  p r e s e n t  t he r e  are  far m o r e  u n a n s w e r e d  
q u e s t i o n s ,  or  a t  l eas t  q u e s t i o n s  w i t h o u t  de f in i t e  a n s w e r s ,  t h a n  d e f i n i t i v e l y  
a n s w e r e d  ones .  

C a r n i t i n e  is w i d e l y  d i s t r i b u t e d  i n  foods,  e spec i a l l y  t hose  of a n i m a l  
or ig in .  I t  is c e r t a i n l y  a b s o r b e d  b y  t he  i n t e s t i n e ;  b u t  i n  w h a t  form,  at w h a t  
level ,  how,  a n d  at  w h a t  ra te?  E v e n  t h o u g h  i t  has  a l ow  m o l e c u l a r  w e i g h t  
a n d  ac ts  a t  l ow doses  i n  a m e t a b o l i c  p a t h w a y  e s s e n t i a l  for  the  l i v ing  cell, 
b e t a - o x i d a t i o n ,  c a r n i t i n e  m u s t  be  c o n s i d e r e d  a n u t r i e n t  a n d  n o t  a v i t a m i n .  
I t  is c l ea r  t ha t  the  a d u l t  a n i m a l  o r g a n i s m  c a n  s y n t h e s i z e  it, b u t  i t  is n o t  
k n o w n  w h e t h e r  s u c h  s y n t h e s i s  c a n  m e e t  t he  r e q u i r e m e n t s  for  ea rn i t i ne ,  
n o r  b e l o w  w h a t  l eve l  of d i e t a ry  c a r n i t i n e  the  cel ls  lose  s o m e  of t he i r  
c a p a c i t y  to ox id ize  fa t ty  acids .  A l t h o u g h  d i e t a ry  c a r n i t i n e  s e e m s  to be  
u s e f u l  b u t  n o t  i n d i s p e n s a b l e  in  adu l t s ,  i t  is u n d e n i a b l y  m o r e  i m p o r t a n t  
d u r i n g  t he  n e o n a t a l  pe r iod ,  e spec i a l l y  i n  t he  h o u r s  a n d  days  f o l l ow i ng  
b i r th ;  b u t  it  is n o t  k n o w n  w h e t h e r  it  is r ea l ly  a g r o w t h  fac tor  t ha t  m u s t  be  
s u p p l i e d  in  t he  d ie t  of the  n u r s i n g  in fan t .  
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S u m m a r y  

The oxidation of long-chain fatty acids is carnitine-dependent.  Indeed, only 
when they are bound to carnitine, in the form of acyl-carnitines, do fatty acids 
penetrate into the mitochondria to be oxidized. To meet the need for carnitine, 
animals depend on both endogenous synthesis and an exogenous supply. A diet 
rich in meat supplies a lot of carnitine, while vegetables, fruits, and grains furnish 
relatively little. 

Although it has a low molecular weight and acts at low doses in a vital metabolic 
pathway, carnitine should not be considered a vitamin, but  rather a nutritive 
substance. Indeed, it seems that the diet of the adult huma n  need not necessarily 
furnish carnitine: the healthy organism, given a balanced nutr i t ion (sufficiently rich 
in lysine and methionine), may well be able to meet all its needs. Furthermore, it 
seems that a reduction of the exogenous supply of carnitine results in a lowering of 
its el imination in the urine. 

However, dietary carnitine is more important  during the neonatal  period. The 
transition from fetal to extrauterine life is accompanied by an increased role of 
lipids in meeting energy needs. This change is accompanied by a rise in the body of 
the levels of carnitine, which is mainly supplied in the maternal  milk. 

Finally, this review briefly surveys the illnesses in which a dietary carnitine 
supplement  proves useful. 

Zusamm enfassung 

Die Oxydation der langkettigen Fetts~uren ist carnitinabh~mgig. So dr ingen 
diese Fetts~uren nur  an Carnitin gebunden,  d. h. als Acylcarnitin, in die Mitochon- 
drien ein, um dort oxydiert zu werden. Der tierische Organismus deckt seinen 
Bedarf an Carnitin durch exogene Zufuhr und  endogene Synthese. Eine fleischrei- 
che Nahrung fflhrt dem Organismus viel Carnitin zu, w~hrend Gemfise, Obst und  
Getreide relativ wenig davon enthalten. 
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Obwohl es sich um ein relativ kleines Molekiil handelt,  das in geringer Menge in 
e inem lebenswichtigen Stoffwechselsystem wirkt (die Beta-Oxydation), darf Carni- 
tin nicht als Vitamin angesehen werden, sondern vielmehr  als eine Nfihrsubstanz. 
Es scheint n~mlich nicht unbedingt  notwendig zu sein, da~ die Ern~hrung dem 
erwachsenen Menschen Carnitin zufiihrt. Der gesunde Organismus kann bei einer 
ausgeglichenen Ern~hrungsweise (ausreichende Zufuhr von Lysin und Methionin) 
seinen Bedarf vollst~ndig selbst decken. Dies um so mehr, als eine Senkung der 
exogenen Zufuhr von Carnitin eine geringere Ausscheidung fiber den Harn zur 
Folge hat. 

Dem in Nahrungsmit tel  enthaltenen Carnitin kommt  jedoch beim Neugebore- 
nen eine gr6f3ere Bedeutung zu. Der Ubergang vom pr~natalen zum postnatalen 
Leben bewirkt  eine Erh5hung des Stellenwertes der Lipide bei der Deckung des 
Energiebedarfs. Diese Ver'~_uderung wird yon einem Anstieg des KSrpergehalts an 
Carnitin begleitet, das im wesentl ichen durch die Muttermilch zugefi]hrt wird. 

Zum Abschlu/~ gibt dieser Bericht  eine knappe Darstellung der Krankheiten, bei 
denen sich eine erg~inzende Zufuhr yon Nahrungs-Carnitin als niitzlich erweist. 

Key  words: carnitine, foods, dietary requirements,  adult, neonate. 
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