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Summary: The importance of vitamin C is reflected in its mult ifunctional  roles 
which include participation in collagen and carnitine syntheses, promotion of iron 
absorption and the more recently discovered participation in noradrenaline synth- 
esis, inactivation of free radical chain reactions, prevention of N-nitroso compound 
formation and more. Given the many extra-antiscorbutic functions of the vitamin, 
the Recommended Dietary Allowances (RDA) should not just  prevent deficiency 
disease but  should aim at providing sufficient amounts  for all vi tamin C-dependent 
functions to operate at full capacity. The concept of vi tamin C tissue saturation is 
best  able to meet this demand. The use of kinetic models has shown that the body 
pool is saturated with a daily intake of 100 mg vitamin C in non-smokers and 140 mg 
in smokers, amounts  that may be regarded as optimal RDA values. 

Certain disease states may be accompanied by still higher vitamin C require- 
ments  but  the exact amounts  are not yet known. 

Zusammenfassung: Die Bedeutung yon Vitamin C ffir den menschl ichen Orga- 
n ismus  wird aus den wichtigen Funkt ionen  ersichtlich, an denen das Vitamin 
beteiligt ist, wie zum Beispiel Kollagen- und  Karnit insynthesen.  In neuerer Zeit 
entdeckt  wurde seine Rolle bei der Noradrenalinsynthese, der Inaktivierung yon 
freien Radikalen sowie der Verhinderung der Nitrosaminbildung. Die Vielfalt 
dieser Vitamin-C-abhfingigen Funkt ionen l~iBt erkennen, dab die Bedarfsfestset- 
zung far Vitamin C nicht nur  die Verh(itung der Mangelkrankheit  Skorbut anvisie- 
ren, sondern auch beriicksichtigen sollte, dab alle diese Funkt ionen  jederzeit 
geniigend Vitamin C zur VerfOgung haben mii/3ten, um optimal reagieren zu 
kbnnen.  Das Konzept der Gewebes~ittigung kommt  diesem Ziel am n~ichsten. 

Studien mit einem kinetischen Modell haben ergeben, dab eine S~ittigung mit 
t~iglicher Einnahme von 100 mg Vitamin C bei Nichtrauchern und  yon 140 mg bei 
Rauchern eintritt, Mengen, die als optimale Werte gelten kbnnen.  Bei verschiede- 
nen  Krankhei ten dtirfte der Bedarf hbher sein; die genauen Mengen mfissen jedoch 
erst noch ermittelt werden. 
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In troduc t ion  

I t  was  n o t  l o n g  af ter  the  era  h a d  c o m e  to a c lose  in  w h i c h  m i c r o n u t r i e n t s ,  
n o t a b l y  v i t a m i n s  a n d  m i n e r a l s ,  we re  d i s c o v e r e d  in  food a n d  f o u n d  to be  
i n d i s p e n s a b l e  for s u r v i v a l  a n d  hea l th ,  tha t  g o v e r n m e n t s  s t a r t ed  to i s sue  
r e c o m m e n d a t i o n s  on  t he  a m o u n t  of  t he se  e s sen t i a l  n u t r i e n t s  c o n s i d e r e d  
a d e q u a t e  a n d  tox i co log i ca l l y  safe for da i ly  c o n s u m p t i o n .  I n  the  U n i t e d  
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States such r ecommenda t ions  were publ ished as early as 1941. And  they  
have since been periodically revised and updated,  taking into account  new 
scientific findings. Originally, the R e c o m m e n d e d  Dietary Allowances 
(RDA) were  established to serve as a "guide for p lanning and procur ing  
food supplies  for national defense".  Moreover,  they were to "provide  
s tandards  serving as a guide for good nutr i t ion"  on the basis of  the best  
knowledge  available at that  t ime (1). 

In the mean  t ime scientists have considerably  expanded  knowledge  
about  the value of  vi tamins and minerals  in the prevent ion  of  disease and 
the active p romot ion  of  health. But  at the same t ime they have been 
acute ly  aware of  the m a n y  gaps that  still exist in the unders tand ing  of  the 
b iochemica l  funct ions of  these micronutr ients  and of their cont r ibut ion  to 
health. 

The official definit ion of  the R e c o m m e n d e d  Dietary Al lowances  in the 
USA today  is that  they  are " the levels of  intake of essential nutr ients  
cons idered  on the basis of available scientific evidence to be adequate  to 
mee t  the k n o w n  nutri t ional  needs of  practically all heal thy persons"  (2). 
Evident ly  this definit ion is still in need of  an interpretation. Thus,  vivid 
controvers ies  are in progress in various countries,  mos t  notably  the Uni ted  
States, on the criteria and goals that  should guide the de terminat ion  of  
R D A  values (3). One group considers  that  a m o u n t  adequate  which  pre- 
vents  def ic iency disease and includes an appropr ia te  margin  of  reserve, a 
defini t ion that  is also valid in several countries,  including Great  Britain (4). 
Their  opponen t s  hold that  one should aspire to find the op t imum a m o u n t  
which,  by  definition, is the amoun t  " that  p romotes  the h ighes t  level of  
heal th"  (5); thus they would  rather err on the high side than risk to 
under ra te  the actual demands .  

The definit ion of  RDA levels does of  course  have far-reaching conse- 
quences  politically, socially and economical ly,  as RDA values have a great 
impac t  on the d imens ion  of  food assistance programs,  on agricultural  
p roduc t ion  pat terns and e c o n o m y  as well as on legislation for food fortifi- 
cat ion and declaration. 

The great  differences exist ing be tween  RDA values in different coun- 
tries indicate that  it is not  scientific evidence alone that  de termines  RDA 
levels but  that  political and soc ioeconomic  considerat ions or pressures  are 
involved as well. In the case of  vi tamin C the RDA lies in the range of  30 
m g  in Great  Britain and 100 mg  in the U S S R  with an intermediate  value of  
60 mg  in the USA. 

The l imited unders tand ing  of  the funct ions  of  vi tamin C in the organism 
m a y  accoun t  for the controversies that  su r round  the de terminat ion  of  an 
R D A  value. It  is in any case advisable to base this value on a variety of  
approaches .  

Ano the r  way  of solving the controversies  may  be to work  out different 
levels of  requirements .  The lowest could be that  minimal  value which  
prevents  deficiency disease and includes a certain reserve. Then  there 
could  be an opt imal  level for heal thy populat ions  which  would  take into 
accoun t  the needs  differing with age, sex, physical  activity, physiological  
status, such  as adolescence,  p regnancy  and lactation, env i ronmenta l  fac- 
tors as smoking,  pollution and alcohol intake and which  would  have a 
marg in  of  reserve. Finally, a third level migh t  be de termined  for pat ients  
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wi th  cer ta in  acu te  or chronic  diseases  as those  w h o  have  u n d e r g o n e  
su rge ry  and  who  m a y  have  except iona l ly  high r e q u i r e m e n t s  for a cer ta in  
t ime.  

Extrapolat ion from animal data 

Unl ike  o ther  an imal  species,  h u m a n  beings,  n o n - h u m a n  p r imates  (squir-  
rel m o n k e y s ,  macaques ,  baboons) ,  guinea-pigs  and  certain bi rds  have,  in 
the  course  of  evolut ion,  lost the  abil i ty to synthes ize  v i t amin  C f rom 
glucose,  g lucuronic  acid or galactonic  acid in the  liver, due  p robab ly  to the  
a b s e n c e  of  the  e n z y m e  L-gulonolac tone  oxidase.  These  species  are there-  
fore d e p e n d e n t  on the  provis ion  of  the  v i t amin  th rough  ex te rna l  sources.  

S tudies  were  carr ied out  in several  species  wi th  in tact  v i t amin  C synthe-  
sis e s t ima t ing  the  rate  of  synthes is  in hepat ic  m i c r o s o m e s  (6). 

These  a m o u n t s  are u n e x p e c t e d l y  high w h e n  ex t rapo la t ed  to m a n  on the 
basis  of  the  rate  per  kg  b o d y  weight.  

I t  is qui te  obv ious  tha t  h u m a n  v i t amin  C r e q u i r e m e n t s  are not  as high as 
these  ex t rapo la t ions  migh t  suggest .  And  the  e x p e r i m e n t s  e s t ima t ing  syn- 
thes is  rates  m u s t  be  v iewed  with  rese rva t ion  as they  reflect  only  in vi t ro 
syn the t i c  capaci ty .  Moreover ,  ex t rapo la t ion  f rom an imal  data  to h u m a n  
r e q u i r e m e n t s  m a y  be fallacious: t u rnove r  rates, m e t a b o l i s m  and half-life 
of  v i t amin  C in the  h u m a n  o rgan i sm are not  c o m p a r a b l e  to those  in smal le r  
animals .  Never the less ,  the  m a g n i t u d e  of the d i f ference  be tween  the  pre- 
s u m e d  ra tes  of  v i t amin  C synthes is  and  the  30-100 mg  v i t amin  C recom-  
m e n d e d  for h u m a n  c o n s u m p t i o n  sugges ts  tha t  h u m a n  RDA values  m a y  
not  be  opt imal .  

This  i m p r e s s i o n  is s u p p o r t e d  by  f indings in n o n - h u m a n  p r ima tes  and  
guinea-pigs ,  also unab le  to synthes ize  v i t am i n  C (6). Macaques  and  squir-  
rel m o n k e y s  were  found  to need  23-35 m g  v i t amin  C per  kg  b o d y  we igh t  
( co r r e spond ing  to 1610-2450 m g  in a 70 kg man)  to r ema in  hea l thy  in 
capt ivi ty .  B a b o o n s  requi red  10 m g  v i t amin  C per  kg  (700 m g  in man)  daily 
to ma in t a in  the  v i t amin  C blood levels tha t  were  d e t e r m i n e d  at the  
m o m e n t  of  capture .  In  guinea-pigs  adequa t e  g rowth  and  heal th  could be 

Table 1. Vitamin C synthesis rates in mammals: Extrapolations to man. 

Mammal Rate (mg/kg/day) Extrapolated to 
70 kg man (mg/day) 

Goat 32.6-190 2300-13 300 
Cow 15.7-18.3 1100-1300 
Sheep 24.8 1700 
Rat 39.1-198.6 2800-14 000 
Mouse 33.6-275 2400-19 000 
Squirrel 28.8 2000 
Rabbit 22.1-226 1500-16 000 
Cat 4.8-40 350-2800 
Dog 5.0-40 350-2800 
Pig 8.1 570 

Adapted from Levine, 1986 (6) 
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ach ieved  wi th  the  use  of  10 to 16 m g  per  kg  (700-1120 m g  in man).  Again,  
these  an ima l  data  should  not  be  t r ans fe r red  uncr i t ical ly  to man ,  bu t  they  
too show tha t  the  d i f ferences  b e t w e e n  the  low h u m a n  R D A  levels and  the  
h igh  an ima l  in takes  are r emarkab le .  

All in all, these  an imals  s tudies  fail to p rov ide  incon tes t ab le  da ta  for the  
d e t e r m i n a t i o n  of  an exac t  R D A  level  for h u m a n s  bu t  they  do sugges t  tha t  
the  in take  of h igher  levels m a y  be physio logica l ly  m o r e  a p p r o p r i a t e  even  
t h o u g h  the  h u m a n  o rgan i sm can subs i s t  on less. 

Scurvy and its prevention 

C o m p a r e d  wi th  the  scu rvy  ep idemics  tha t  occur red  qui te  c o m m o n l y  
s o m e  centur ies  ago, the  sporadic  cases of  f rank  v i t amin  C def ic iency  
e n c o u n t e r e d  today  migh t  be  r ega rded  as negligible.  However ,  jus t  because  
s c u r v y  is not  e x p e c t e d  to be  seen  it is f requen t ly  ove r looked  w h e n  it does  
occur.  In  recen t  years  exper t s  have  de tec ted  this potent ia l ly  le thal  d isease  
in m a n y  alcohol ics  and  in pa t ien ts  who  avoid  or neglec t  v i t amin  C contain-  
ing food due  e i ther  to ignorance,  e r ror  or pove r ty  (7-9). 

The  clinical p ic ture  of  s cu rvy  has  been  charac te r ized  as the  d isease  of  
the  four  Hs  (6): 

1. H e m o r r h a g i c  signs (perifoll icular hemor rhages ,  e c c h y m o s e s  and  bleed-  
ing gums)  

2. H y p e r k e r a t o s i s  of  hair  follicles wi th  coiled hair  
3. H y p o c h o n d r i a s i s  
4. Hema to log i ca l  abnormal i t i e s  (anemia  due  e i ther  to r educed  iron absorp-  

t ion or abe r ran t  folate metabol i sm) .  

F u r t h e r  signs inc lude  S jbgren ' s  s y n d r o m e  (dry m o u t h  and  eyes,  d ry  
i t chy  skin,  hair  loss, loosened  teeth), edema ,  ar thralgia  and  poor  w o u n d  
hea l ing  (10). 

The  signs of  scu rvy  appea r  wi th in  30 to 90 days  of  total  v i t a m i n  C 
depr iva t ion ,  bu t  they  m a y  t ake  longer  to deve lop  if there  is a cer ta in  
l imi ted  v i t a m i n  C c o n s u m p t i o n  (11). On the  o ther  hand ,  if  r educed  v i t amin  
C in take  is para l le led  by  increased  needs  for the  v i t amin  due  for ins tance  
to a h igher  me tabo l i c  t u rnove r  (as in smokers )  (12), to r educed  u p t a k e  (as 
in those  us ing  aspirin) (13), or to an acu te  d rop  in b lood  levels (as in 
surgica l  pa t i en t s  and in those  wi th  myoca rd ia l  infarct ion) (14, 15) s c u r v y  is 
l ikely  to a p p e a r  m o r e  rapidly.  I t  has been  obse rved  tha t  clinical s cu rvy  
a p p e a r s  w h e n  the  b o d y  pool  of  v i t amin  C is be low 300 m g  (10). 

T r e a t m e n t  of  scorbu t ic  pa t ients  m u s t  beg in  i m m e d i a t e l y  u p o n  d iagnos is  
as the re  is the  dange r  of  s udden  death.  The  doses  r e c o m m e n d e d  are 
100 m g  v i t amin  C three  t imes  daily unti l  all signs have  d i s appea red  (16). 

The  p reven t ion  of  s cu rvy  requi res  as little as 10 m g  v i t amin  C a day. But  
this  will not  raise the  b o d y  pool  apprec iab ly  above  300 mg. In  fact, a case 
was  recen t ly  r epor t ed  in which  a y o u n g  m a n  deve loped  florid s cu rvy  af ter  
hav ing  subs i s t ed  on a m e a n  v i t amin  C in take  of  10.2 m g  for  m a n y  m o n t h s  
in the  m i s t a k e n  bel ief  tha t  he  had  a food al lergy agains t  the  typica l  v i t a m i n  
C con ta in ing  fruits and  vege tab les  (17). Evident ly ,  this  m i n i m a l  a m o u n t  
will in no  w a y  sat isfy the  needs  of  an act ive  pe r son  w h o  has  to w i th s t and  
the  d i f ferent  types  of  s t ress  of  m o d e r n  life. Indeed ,  v i t amin  C has  m a n y  
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roles  in the  o rgan i sm other  than  the  p reven t ion  of  scurvy.  Still, these  
10 m g  wi th  an  added  safety  marg in  have  been  used  as a basis  for  the  RDA 
va lue  of  30 m g  which  is valid is several  countr ies .  

B i o c h e m i c a l  funct ions  of v i tami n  C 

E v e n  f rom the little tha t  is k n o w n  abou t  the  physiologica l  role of  v i t amin  
C it is c lear  tha t  the  v i t amin  is a highly versa t i le  nutr ient .  

While not  be ing  an actual  c o e n z y m e  v i t amin  C par t ic ipa tes  in m a n y  
e n z y m a t i c  reac t ions  due  to its abil i ty to act  as an e lec t ron t r ansmi t t e r  (18). 

CoIlagen synthesis. Vitamin  C is involved  in the  hydroxy la t ion  of  pro- 
l ine to h y d r o x y p r o l i n e  and  of lysine to h y d r o x y l y s i n e  in the  fo rmat ion  of 
collagen.  Def ic iency  of  v i t amin  C therefore  leads to uns tab le  connec t ive  
t i s sue  wi th  poo r  w o u n d  healing.  This  is one  of  the  few l inks be tween  
b iochemica l  func t ion  and clinical signs of  s cu rvy  tha t  are known.  

Carnitine synthesis also involves  hydroxy la t ion  reac t ions  in which  vit- 
a m i n  C p lays  a part .  Carni t ine  i tself  is an i m p o r t a n t  fac tor  in the  t r anspo r t  
of  fa t ty  acids to mi tochondr i a  provid ing  energy.  I t  has been  sugges ted  tha t  
a r educ t ion  of  hear t  and  skele ta l  m us c l e  carni t ine  due  to i nadequa te  
avai labi l i ty  of  v i t amin  C will resul t  in fa t igue which  is one  of  the  earl iest  
s igns  of  def ic iency,  actual ly  appear ing  a l ready  wi th  subcl inical  def ic iency 
(19). 

Noradrenaline synthesis. Noradrena l ine  is syn thes ized  in the  adrena l  
m e d u l l a  whe re  the  concen t ra t ion  of v i t am i n  C is ve ry  high. I t  was  recen t ly  
found  tha t  one  of  the  enzym es  in the  b iosyn thes i s  of  noradrena l ine ,  the  
coppe r -con ta in ing  d o p a m i n e  ~ -monooxygenase ,  requi res  s to ich iomet r ic  
a m o u n t s  of  v i t amin  C (20). 

Microsomal hydroxylations. An i m p o r t a n t  func t ion  of  v i t amin  C is its 
pa r t i c ipa t ion  in the  m i c r o s o m a l  c y t o c h r o m e  P4s0-dependent hyd roxy la se s  
w h i c h  ac t  as me tabo l i z ing  enzym es  in the  l iver  deal ing wi th  carc inogens ,  
pol lu tants ,  pes t ic ides  and cer ta in  drugs.  

M a n y  o ther  enzymat i c  s teps  on the  way  f rom p recu r so r  subs t ances  to 
biological ly  act ive  ones  requi re  v i t amin  C, e i ther  to accelera te  hydroxy la -  
t ion reac t ions  (e.g. in ca t echo lamine  b iosynthes is )  or to use  its power fu l  
r educ ing  p roper t i e s  (e.g. to ach ieve  full act ivi ty  of  pep t ide  ho rmones )  (6). 

Iron absorption. I t  is p r o b a b l y  also its r educ ing  p roper t i e s  that  turn  
v i t a m i n  C into one of  the  m o s t  i m p o r t a n t  enhance r s  of  iron absorp t ion  
f r o m  n o n - m e a t  sources.  A fur ther  funct ion  of  v i t amin  C is the  fo rmat ion  of  
a c o m p l e x  wi th  iron which  is s table  in the  alkal ine e n v i r o n m e n t  of  the 
d u o d e n u m ,  thus  facil i tat ing absorp t ion .  With these  proper t ies  v i t amin  C 
p lays  a key  role in the  p reven t ion  of  i ron def ic iency anemia  (21). An 
i m p o r t a n t  a spec t  to r e m e m b e r  is tha t  the  v i tamin,  in a dose  of  abou t  50 rag, 
m u s t  be  c o n s u m e d  toge the r  wi th  the  mea l  in order  to be  effective.  

Interaction with free radicaIs. The  concep t  tha t  there  exis t  free radicals  
w h i c h  induce  t i ssue  d a m a g e  if no t  r ende red  inact ive by  free radical  
s c a v e n g e r s  is qui te  new and ra ther  fascinat ing.  Biological  free radicals  are 
oxygen -de r ived  chemica l s  wi th  he igh tened  react ivi ty  because  of  an un-  
pa i red  e lec t ron  in thei r  s t ructure .  When the p roduc t ion  of  such  radicals  
e x c e e d s  the  avai labi l i ty  of  free radical  scavengers ,  t issue d a m a g e  occurs  in 
the  f o r m  of  pe rox ida t ion  of l ipid m e m b r a n e s  and  o ther  s t ruc tura l  damage .  
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There  exist  a great  variety of scavengers,  some in the form of enzymes  as 
e.g. superox ide  dismutases,  others in the form of ant ioxidant  vi tamins as 
e.g. v i tamin E, vi tamin C and ~-carotene (22, 23). Much is still a mys te ry  
regarding  both  the generat ion of  free radicals and their inactivation. 

U p o n  oxidat ion vi tamin C forms an in termediary  radical itself which  
due  to its stability can funct ion as a radical trap. The vi tamin appears  to 
have a dual  funct ion:  (I) it directly quenches  free radicals such as the 
h y d r o x y l  radical and singlet oxygen  and (II) it protects  vi tamin E 
main ta in ing  it in its reduced form so that  this powerful  ant ioxidant  can act  
as a free radical scavenger  u n i m p e d e d  (24). 

The act ion of free radicals has been l inked to a great variety of  condi- 
t ions such  as aging, cardiovascular  diseases, cancer,  in f lammatory  dis- 
eases, cirrhosis or diabetic complicat ions  (25). But  while such  associat ions 
are plausible and may  well be verified eventual ly they are still speculat ive 
given the l imited knowledge  we have today. There is some indicat ion that  
v i tamin  C may  play a role in the protect ion of the eye against  free radicals 
p roduced  by  ionizing radiation in light. This would  explain the high 
concent ra t ion  of  vi tamin C in aqueous  h u m o u r  exceeding that in p lasma 
by  a factor  of  10. Animal  studies indeed suggest  that  v i tamin C prevents  
cataract  format ion by its ant ioxidant  effect (26-28). 

For  m a n y  observat ions of a vi tamin C effect in the organism no clear 
physiological  mechan i sm has been deduced  yet: 

A n t i m u t a g e n i c  e f f ec t .  A group of  workers  habitual ly exposed  to haloge- 
nated  ethers and thus  having a high rate of  ch romosoma l  aberrat ions had a 
signif icantly decreased f requency  after taking prophylac t ic  doses of  vit- 
amin  C of  5 t imes 1 g a week  dur ing the winter  mon ths  (29). 

Studies  in coal-tar workers  given three months '  prophylact ic  suPple- 
menta t ion  with 5 t imes 1 g vi tamin C a week again suffered cons iderably  
r educed  mutagen ic  effects f rom the chemicals  to which  they were ex- 
posed.  The authors  offered as a hypothes is  that  v i tamin C may  have 
s t imula ted  the cy toch rome  P450 sys tems thus enhanc ing  detoxif icat ion or 
tha t  it may  have accelerated DNA repair. I t  mus t  be noted that  with 1.5 mg/ 
L, the mean  p resupp lementa t ion  blood levels of v i tamin C in these wor- 
kers were in the scorbut ic  range; but  they  reached satisfactory concentra-  
t ions of  10.5 mg/L at the end of  the supp lementa t ion  period (3, 31). 

In  the Soviet  Union persons work ing  in a toxic occupat ional  environ- 
m e n t  tend to receive prophylact ic  food supplements  including 100-150 mg  
extra  v i tamin C (32). 

But  even unde r  normal  c i rcumstances  there is room for a reduc t ion  in 
mutagene t i c  effects. A s tudy in heal thy Amer ican  s tudents  showed  that  
the  excre t ion  of mutagens  with the feces could be substantial ly lowered if 
the typical  Western diets, which contained be tween 54 and 66 mg  vi tamin 
C and  3-8 mg  vi tamin E, were supp lemented  with 400 mg vi tamin C and E 
(33). Here, the vi tamin C status before supplementa t ion  was p robab ly  not  
as unsa t i s fac tory  as in the above studies since the intake co r responded  
to official r ecommenda t ions .  Still a reduct ion of  mutagens  could  be 
achieved with supplements  indicat ing that  a higher  intake may  be desir- 
able even in persons  with a reasonably  sat isfactory v i tamin C and E status 
due  to adherence  to r e c o m m e n d e d  intakes and not  exposed  to exceptio-  
nally h igh amoun t s  of  mutagenic  pollutants.  
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Inhibi t ion o f  N-nitroso c o m p o u n d  formation. N-nitroso compounds ,  
mos t ly  ni t rosamines,  are formed from the precursors  nitrate or nitrite and 
a ni t rosatable compound ,  as for instance an amine or amide, in foods, 
cosmetics ,  tobacco  or industrial  p roducts  as well as in the living organ ism 
of  m a n  and animals. Most of  the ni t rosamines known  today  have been 
found  to induce  cancer  in animals and are believed to do so also in man  
(34, 35). 

Thus  it was an impor tan t  d iscovery when  researchers found that  v i tamin 
C prevented  the format ion of  ni t rosamines by compet i t ive  inhibition (36, 
37). In  animal  studies vi tamin C complete ly  abolished the mutagenic  effect 
of  the adminis tered  ni t rosamine precursors  aminopyr ine  plus nitrite, indi- 
cat ing that  n i t rosamine format ion was inhibited (38). 

Studies  in man  equally demons t ra ted  that  n i t rosamine format ion was 
effectively suppressed  by vi tamin C (as well as by vi tamin E). A surprising 
f inding was that  even using identical diets there were great interindividual  
variat ions in the response  to vi tamin C supp lements  (39). Another  interest- 
ing s tudy  showed that  the mutagenic  act ion of gastric juice induced  by 
n i t rosamines  could be considerably reduced  by giving volunteers  daily 
v i tamin  C supplements  of  1 g, again indicat ing that  n i t rosamine format ion 
was preven ted  (40). 

A beneficial  effect of vi tamin C could  also be demons t ra t ed  using 
modera t e  doses. Inhabi tants  of Lin-xian, a high-risk area for esophageal  
cancer  in Nor thern  China, excreted greatly reduced  ni t rosamine concen-  
t rat ions in the urine after the intake of  only three t imes 100 mg vi tamin C 
daily. And  it was suggested that v i tamin C could possibly reduce  cancer  
risk in this area, a quest ion that is being fur ther  invest igated (41). There  is 
epidemiological  evidence from several countr ies  that a low vi tamin C 
status is associated with a higher risk of  s tomach  cancer  (42). 

As in the p romot ion  of iron absorpt ion,  the vi tamin C status as such does 
not  play a decisive role in the prevent ion of  n i t rosamine format ion in the 
s tomach.  What is impor tant  is that  v i tamin C is c o n s u m e d  together  with 
the precursors  if it is to be effective. However ,  recent  f indings indicate that 
act ivated macrophages ,  as they occur  for instance in inf lammation,  can 
synthesize  nitrite. This means  that  v i tamin C should act as an inhibitor of  
N-ni troso c o m p o u n d  formation th roughou t  the body  (43). 

Other biochemical  effects. A m o n g  the little unders tood  effects of  vit- 
amin  C is its recent ly  detected protect ion against alcohol toxicity in 
animals  and man  with reduced damage  to liver cells and increased alcohol 
clearance. The dose used in m an  was five t ime 1 g a day. It will be 
interest ing to see whether  such an effect can be achieved also with lower 
doses  of  the vi tamin (44-46). 

Because  the highest  concentra t ions  of  vi tamin C are found in endocr ine  
t issues as the adrenal  and pituitary glands (47) it has been suggested that  
the  v i tamin  plays an impor tan t  part  in the optimal funct ioning of  hor- 
mones  (20). 

Vi tamin C has also been implicated in prostaglandin synthesis  (48), in 
lipid metabol i sm (49), i m m u n e  response  (50, 51) and m a n y  other  b iochemi-  
cal reactions.  Much  work  is however  still needed to unders t and  the role of  
the v i tamin  in these and other  processes. 
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Still, k n o w l e d g e  abou t  the  b iochemica l  funct ions  of  v i t amin  C does  not  
give an  ind ica t ion  of the  quant i t ies  requ i red  to fulfil its roles in the  h u m a n  
body;  it only  under l ines  the s ignif icance of the  v i t amin  wi th  its mul t i func-  
t ional  proper t ies .  

I t  has  been  p r o p o s e d  tha t  an ideal app roach  to e s t ima t ing  op t ima l  R D A  
va lues  wou ld  be  the  b iochemica l  m e a s u r e m e n t  of  the  effect  of  v i t amin  C 
on  e n z y m e  sys t em s  in wh ich  v i t amin  C would  p r o m o t e  m a x i m u m  conver-  
sion of  p r ecu r so r  subs tances  to act ive  chemica l s  (6). The  use  of  such  
e n z y m e  m o d e l  sys t ems  would  r ep resen t  a sophis t i ca ted  approach ,  which  
is h o w e v e r  not  yet  p rac t icab le  due  to a lack of k n o w l e d g e  and  me thod-  
ology. 

Kinet i c s  of  v i t a m i n  C 

We do not  k n o w  wi th  cer ta in ty  w h e t h e r  the  concep t  of  v i t amin  C t i ssue  
sa tu ra t ion  represen t s  the  m o s t  adequa t e  d e t e r m i n a n t  of  an op t ima l  R D A  
value.  Bu t  if  we  accep t  tha t  r e q u i r e m e n t s  vary  great ly  d e p e n d i n g  on 
b iochemica l  individual i ty  as well  as on i n n u m e r a b l e  e n v i r o n m e n t a l  fac- 
tors,  it s eems  reasonab le  to accep t  - in the  a bsence  of  a be t t e r  concep t  - 
tha t  an in take  is op t imal  when  it guaran tees  rep len i shed  b o d y  s tores  r eady  
to m e e t  any  conce ivab le  d e m a n d  by  v i t am in  C-dependen t  b iochemica l  
s y s t e m s  at any  t ime.  

Vi tamin  C is ab s o rbed  f rom the gas t ro in tes t ina l  t ract  by  an act ive  
ene rgy- requ i r ing  t r anspo r t  m e c h a n i s m  which,  l ike o ther  act ive mecha -  
n i sms ,  is saturable .  Even  in takes  in the  phys io logica l  range  of  30 to 180 m g  
v i t a m i n  C are a b s o r b e d  only to the ex ten t  of  80 % to 90 % (52). With 
inc reas ing  in takes  of  the  v i t amin  the  pe rcen t  abso rp t ion  decl ines  still 
f u r the r  (53, 54): at in takes  ranging  f rom 1.5 g to 12 g relat ive abso rp t i on  was  
found  to decrease  f rom 50 % to 16 % (55). 

With the  use  of  a sophis t ica ted  kinet ic  mode l  and  iso tope- label led  vit- 
a m i n  C it could  be  d e m o n s t r a t e d  that  the  total  t u rnove r  of  v i t amin  C u n d e r  
s t eady-s ta te  condi t ions  in n o n - s m o k i n g  male  vo lun tee r s  was  60 m g  daily. 
This  va lue  was  calcula ted to reflect  a total  b o d y  pool  size of  a b o u t  1500 mg,  
and  it c o r r e s p o n d s  to s teady-s ta te  p l a s m a  levels of  8 to 9 mg/L.  A b o v e  
these  levels  e l iminat ion  of v i t amin  C in the  ur ine  increases  rap id ly  and  
m e t a b o l i c  t u r n o v e r  shows saturat ion.  

As the  v i t a m i n  is incomple te ly  a b s o r b e d  the  a m o u n t  requ i red  to ach ieve  
a to ta l  t u r n o v e r  of  60 m g  daily lies in the  range  of  70 to 75 mg. And  in order  
to ob ta in  a va lue  cover ing  the  needs  of  at  least  95 % of a popu la t ion  the  
inves t iga tors  added  twice  the s t andard  devia t ion w o r k e d  out  in the i r  
s tudy.  The  level  of  in take  cons idered  op t imal  was  thus  ca lcula ted  to be  in 
the  o rde r  of  100 m g  v i t amin  C daily co r r e spond ing  to p l a s m a  levels  of  8 to 
9 m g / L  (56). 

This  conc lus ion  is s u p p o r t e d  by  a s tudy  in ado lescen ts  showing  tha t  
phys ica l  w o r k i n g  capaci ty ,  e x p r e s s e d  as oxygen  c o n s u m p t i o n  pe r  kg  b o d y  
mass ,  could  be  increased  by  v i t amin  C s u p p l e m e n t a t i o n  up  to the  po in t  
w h e n  p l a s m a  levels  had  r eached  8 to 9 mg/L (57). This  m a y  be  an e x a m p l e  
of  an  op t ima l  s i tuat ion in which  a v i t amin  C-dependen t  biological  func t ion  
has  r eached  its full capaci ty.  Ano the r  s t udy  in pe r sons  wi th  a low v i t amin  
C s ta tus  showed  tha t  w h e n  s u p p l e m e n t a t i o n  had  led to v i t a m i n  C p l a s m a  
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levels  of  9 mg/L there  was a s ignif icant  increase  in pro l ine  and  hyd roxy -  
pro l ine  con ten t  in gingival  tissue. N o n - s u p p l e m e n t e d  control  sub jec t s  
s h o w e d  no such  i m p r o v e m e n t  (58). 

The  r e c o m m e n d e d  in take  of 100 m g  v i t amin  C daily is op t ima l  only  for 
the  n o n - s m o k i n g  par t  of  the  popula t ion.  I t  has in fact  long been  k n o w n  
tha t  s m o k e r s  t end  to have  20 to 40 % lower  v i t amin  C p l a sma  levels than  
n o n - s m o k e r s  (59-61); this has  been  a t t r ibu ted  to al tered uti l ization or to 
r e d u c e d  in take  due  to an appe t i t e  s u p p r e s s a n t  effect  of  smoking .  

Bu t  a r ecen t  s tudy  in s m o k e r s  and n o n - s m o k e r s  us ing  the  s ame  kinet ic  
m o d e l  as in the  inves t igat ion assess ing op t ima l  in takes  in n o n - s m o k e r s  
(56) could  show tha t  the  40 % reduct ion  of  v i t amin  C p l a sma  concen t ra t ion  
was  due  ma in ly  to an increased  metabo l ic  t u r n o v e r  and  a shor te r  el imina-  
t ion  half-life of  v i t amin  C. A n d  it was  ca lcula ted  tha t  sa tu ra ted  body  s tores  
wi th  p l a s m a  levels  of  8 to 9 mg/L  could be  ach ieved  in s m o k e r s  wi th  a daily 
in take  of  140 m g  v i t am i n  C (12). 

T h e s e  levels  of  in take  of  100 m g  v i t amin  C in n o n - s m o k e r s  and  of  140 m g  
in s m o k e r s  m a y  be cons ide red  op t imal  va lues  wh ich  individuals  wi th  a 
sense  of  respons ib i l i ty  for thei r  heal th  should  s t r ive to achieve,  i r respec-  
t ive of  w h e t h e r  g o v e r n m e n t s  opt  for lower  R D A  levels. 

Situations with  exceptional demands 

Myocardial infarction. Acute  infarct ion is a c c o m p a n i e d  by  a d r ama t i c  
fall in l eucocy te  v i t am i n  C ref lected in low v i t amin  C b lood  levels and  by  
an increase  in total  whi te  cell count.  A s tudy  has  s h o w n  tha t  the  acute  fall 
in v i t a m i n  C canno t  be  p r e v e n t e d  by  p r e s u p p l e m e n t a t i o n  wi th  the  vita- 
min.  However ,  r ecovery  f rom v i t amin  C def ic iency  which,  un t rea ted ,  lasts  
at least  56 days,  can be  cons iderab ly  sho r t ened  by  giving v i t amin  C 
s u p p l e m e n t s .  The  doses  used  were  in the  order  of  severa l  g rams.  But  the 
a m o u n t s  requ i red  are not  yet  k n o w n  (62, 63, 15). 

Surgical repair. Surgical  opera t ions  are f r equen t ly  fol lowed by  a m a r k e d  
dec rease  in v i t am i n  C s ta tus  regardless  of  the  sever i ty  of  the  opera t ion  (14, 
64). As v i t amin  C plays  an impor t an t  role in w o u n d  heal ing the  use  of  
s u p p l e m e n t s  m a y  be indicated.  Again, no in fo rma t ion  is avai lable  on the  
a m o u n t  tha t  would  be reasonable .  

Chronic aspirin consumption. There  is ev idence  tha t  the  in take  of ace- 
tylsal icyl ic  acid, e.g. aspirin,  interferes  wi th  the  v i t amin  C s ta tus  t hough  
the  m e c h a n i s m  of  act ion is not  yet  known .  Dec reased  absorp t ion  of  the  

v i t a m i n ,  r educed  u p t a k e  by  leucocytes  as well  as increased  excre t ion  have  
all b e e n  sugges ted  (13, 65, 66). Pa t ien ts  t ak ing  aspi r in  con t inuous ly  m a y  
benef i t  f rom pay ing  special  a t ten t ion  to the i r  v i t amin  C status. 

Other conditions. Many other  s i tuat ions  have  been  descr ibed  in wh ich  
ex t r ao rd ina ry  d e m a n d s  are m a d e  on v i t amin  C status.  Recen t ly  it was  
found  tha t  worke r s  in a ve ry  hot  c l imate  had an inadequa te  v i t amin  C 
s ta tus  desp i te  a b u n d a n t  v i t amin  C conta in ing  food. The  causes  were  found  
to be  s u p p r e s s e d  appe t i t e  by  the  hea t  as well  as an ex t ra rena l  loss of  
v i t a m i n  C wi th  sweat  of  abou t  20 mg  daily (67). 

O the r  g roups  wi th  a f requen t ly  r educed  v i t amin  C s ta tus  inc lude  preg-  
nan t  and  lac ta t ing w o m e n  (68-70), pa t ients  wi th  i n f l a m m a t o r y  and  o ther  



134 Zei tschr i f t  f(~r Ern~hrungswissenschaf t ,  Band 26, H e f t  2 (1987) 

a c u t e  d i s e a s e s  a n d  c a n c e r  (71, 72). W h i l e  v i t a m i n  C s u p p l e m e n t s  m a y  n o t  
a c t  as  t h e r a p e u t i c  a g e n t s  t h e y  at  l e a s t  s e r v e  to  r e s t o r e  t h e  v i t a m i n  C s t a t u s .  

C o n c l u s i o n  

I t  is a c c e p t e d  t o d a y  t ha t  " n u t r i t i o n  is t h e  s i n g l e  m o s t  i m p o r t a n t  c o m p o -  
n e n t "  in  t h e  p r e v e n t i o n  o f  d i s e a s e s  a f f e c t i n g  a n y  o r g a n  s y s t e m  in  t h e  b o d y  
(5). O n e  i m p o r t a n t  a s p e c t  o f  h e a l t h  p r o m o t i o n  is t h e  d e f i n i t i o n  o f  d e s i r a b l e  
a m o u n t s  o f  s i n g l e  n u t r i e n t s  t h a t  s h o u l d  b e  c o n s u m e d .  I n  t h e  c a s e  o f  
v i t a m i n  C, t h e  d e s i r a b l e  d a i l y  i n t a k e  is t h a t  a m o u n t  w h i c h  l e a d s  to  sa tu -  
r a t e d  b o d y  s to res :  100 m g  in n o n - s m o k e r s  a n d  140 m g  in  s m o k e r s .  T h e s e  
a m o u n t s  m a y  p e r m i t  t h e  m a n y  i m p o r t a n t  v i t a m i n  C - d e p e n d e n t  b i o c h e m i -  
ca l  p r o c e s s e s  in  t h e  o r g a n i s m  to f u n c t i o n  o p t i m a l l y .  

S o m e  g r o u p s  m a y  r e q u i r e  h i g h e r  a m o u n t s  for  s h o r t e r  or  l o n g e r  p e r i o d s  
d u e  to  e x c e p t i o n a l  s i t u a t i o n s .  T h e s e  g r o u p s  i n c l u d e  s u r g i c a l  p a t i e n t s ,  
p a t i e n t s  a f t e r  m y o c a r d i a l  i n f a r c t i o n ,  p a t i e n t s  w i t h  o t h e r  a c u t e  d i s e a s e s ,  
a s p i r i n  c o n s u m e r s  a n d  f u r t h e r  g r o u p s  w i t h  d e p l e t e d  v i t a m i n  C b o d y  s t o r e s  
as,  for  i n s t a n c e ,  p r e g n a n t  a n d  l a c t a t i n g  w o m e n .  T h e  a m o u n t s  r e q u i r e d  to  
r e s t o r e  t h e  v i t a m i n  C s t a t u s  in  t h e s e  g r o u p s  s t i l l  n e e d s  to  b e  d e f i n e d .  
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