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Summary: The ocular lens, which is continually exposed to light and ambient  
oxygen, is at high risk of photooxidative damage resulting in cataract. Oxygen free 
radicals appear to impair not only lens crystallins which will aggregate and precipi- 
tate forming opacities but also proteolytic enzymes whose function it would be to 
eliminate the damaged proteins. Apart from an enzymatic defense system consist- 
ing of superoxide dismutase, catalase and glutathione peroxidase against excited 
oxygen species the lens contains the antioxidant vitamins C, E and presumably 6- 
carotene as another line of defense. In vitro and in vivo studies in different animal 
species have demonstrated a significant protective effect of vitamins C and E 
against light-induced cataract. Sugar and steroid cataracts were prevented as well. 
Epidemiological evidence in humans  suggests that persons with comparatively 
higher intakes or blood concentrations of antioxidant vitamins are at a reduced risk 
of cataract development. These positive findings established by several research 
groups justify extensive intervention trials with antioxidant vi tamins in humans  
using presenile cataract development as a model. 

Zusammens Die Augenlinse kann  durch einfallendes Licht und  Sauer- 
stoff photooxidativ so gesch~digt werden, dab eine Trfibung bzw. ein Katarakt 
entsteht. Sauerstoffradikale sch~idigen nicht nur  die Kristalline, spezialisierte Lin- 
senproteine, die Aggregate bilden und  pr~izipitieren, sondern sie greifen auch 
proteolytisehe Enzyme an, deren Funkt ion  es ware, die gesch~idigten Proteine zu 
eliminieren. Neben einem enzymatischen Abwehrsystem gegen Sauerstoffradikale, 
bestehend aus Superoxiddismutase, Katalase und  Glutathionperoxidase, enth~ilt 
die Linse die antioxidativen Vitamine C und  E und  evtl. Betakarotin. Tierversuche 
an verschiedenen Spezies haben sowohl in vitro als auch in vivo eine Schutzwir- 
kung gegen lichtinduzierte Kataraktbildung aufgezeigt. Eine fihnliche Wirkung war 
gegen Zucker- und Steroidkatarakte nachweisbar. Epidemiologische Studien am 
Menschen haben gezeigt, dab Personen mit vergleichsweise h6herer Einnahme 
bzw. h6heren Blutkonzentrat ionen antioxidativer Vitamine ein vermindertes 
Risiko der Kataraktbildung haben. Diese positiven Befunde rechtfertigen die 
Durchffihrung breit angelegter Intervent ionsstudien mit  antioxidativen Vitaminen 
am Menschen. 
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I n t r o d u c t i o n  

The  lens of  the  eye  is a b iconvex ,  h ighly elast ic crysta l l ine  b o d y  s i tua ted  
in the  f ront  o f  the  eyebal l  and  e m b e d d e d  in aqueous  humor .  The  opt ical  
funct ion  of  the  lens consis ts  in focuss ing  i ncoming  l ight  on the  re t ina  by  
al ter ing its cu rva tu re  in order  to a c c o m m o d a t e  the  s ight  for  nea r  or far  
vision. To fulfil its func t ion  op t imal ly  the  lens is avascu la r  and,  apar t  f rom 
water ,  conta ins  a large p ropor t ion  of  special ized protein,  the  crystall ins.  
These  charac ter i s t ics  r ender  it h ighly  t r a n s p a r e n t  and  l imit  the  sca t ter  of  
light. H u m a n  ca tarac t  is def ined  as opac i ty  in the  lens wi th  p rogress ive ly  
impa i red  vision, the final s tage of  which  is b l indness .  In  the major i ty  of  
cases opaci f ica t ion is a gradual  p rocess  las t ing one to two decades  or 
longer,  bu t  some  types  of  ca tarac t  m a y  fol low a d i f ferent  course,  and  in 
cer ta in  me tabo l i c  d isorders  opaci f ica t ion  m a y  occur  rap id ly  wi th  total  loss 
of  v isual  acui ty  wi th in  a year.  

P r e v a l e n c e  o f  c a t a r a c t s  

Cataracts  are far m o r e  w idesp read  t han  is c o m m o n l y  realized. Accord-  
ing to the  1986 stat ist ics of  the  World Hea l th  Organiza t ion  (WHO), 14 
mil l ion of  the  28 mil l ion bl ind wor ldwide  are bl ind due  to ca tarac t  (1). In  
deve lop ing  count r ies  the  ra te  is h igher  by  a fac tor  of  10 and  its a p p e a r a n c e  
is earlier by  10 years  than  in industr ia l ized countr ies .  In  Ind ia  alone, 5.5 to 
6 mil l ion pe rsons  are bl ind f rom cataracts  (2). The  p reva lence  wor ldwide  of  
lens opaci t ies  of  var ious  degrees  has  been  es t imated  to be  rough ly  50 
mil l ion (3). 

In  the  Uni ted  Sta tes  the  r e n o w n e d  F r a m i n g h a m  Hear t  S t u d y  was 
ex t ended  to inves t iga te  poss ib le  visual  disabi l i ty  in 2 477 f o r m e r  partici-  
pan ts  in the  Hear t  Study.  The  subjec ts  were  b e tween  52 and  85 years  old, 
and 384 persons  (15.5 %) were  found  to have  ca ta rac t  in one  or bo th  eyes  in 
combina t i on  wi th  a visual  acui ty  of  20/30 or less. Within the  g roup  there  
was  a sha rp  increase  in p reva lence  with  age, the  ra te  be ing  cons i s t en t ly  
higher  in females  t han  in males  (Fig. 1) (4). 

In  ano the r  large su rvey  in the  U S A  in a b o u t  3 000 subjec ts  aged 45 to 74 
years  the  p reva lence  of  senile ca tarac t  was  found  to be  14.7 % (5). I f  these  
samples  are t ruly  represen ta t ive  of  the  A m e r i c a n  popu la t ion  a p reva lence  
of m o r e  than  7 mil l ion ca tarac t  cases  can be  ex t rapo la t ed  for  the  elderly.  In  
accordance  wi th  the  p ro jec ted  increase  in the  popu la t ion  of  the  over-55- 
year-olds  f rom 47 mil l ion in 1980, to 86 mil l ion in the  year  2030, the  
p reva lence  of ca tarac t  in the  USA can  be  expec t ed  to g row equal ly  b y  
abou t  80 % in this period.  The  s a m e  t rend  is foreseeable  for o ther  indus-  
trialized count r ies  as well  as for  deve lop ing  nat ions  (2). 

C l a s s i f i c a t i o n  o f  c a t a r a c t s  

Cataract  p reva lence  f igures should  be  in te rp re ted  wi th  caut ion  b e c a u s e  
of the  grea t  d i f ferences  in the  d iagnost ic  p rocedu re s  used  and  because  
there  is a lack of  a s imple  and  genera l ly  accep t ed  classif icat ion sys tem.  A 
cer ta in  loss of  lens t r a n s p a r e n c y  occurs  a lmos t  un iversa l ly  wi th  aging bu t  
does not  necessar i ly  p rogress  to ca tarac t  format ion .  Therefore ,  the  diag- 
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Fig. 1. Prevalence of cataract in the Framingham Eye Study (4). 

nosis  of  ca tarac t  is of ten m a d e  only if opac i ty  is a c c o m p a n i e d  by  r educed  
vis ion (4, 5). 

One classif icat ion s y s t em  character izes  ca tarac ts  by  their  sever i ty  and  
dis t inguishes  b e t w e e n  i m m a t u r e  (partial  opacity),  m a t u r e  (total opac i ty  
wi th  no swelling), and  h y p e r m a t u r e  (total opac i ty  wi th  swelling) cataracts .  
Ano the r  character iza t ion  descr ibes  the  site of  the  opaci t ies  in the  lens, the  
three  ma jo r  ones  be ing  cortical,  nuclear ,  and  pos te r io r  s u b c a p s u l a r  areas  
(6). I t  is also poss ib le  to d is t inguish  ca tarac ts  b y  their  p r e s u m e d  e t io logy 
as, for example ,  radia t ion cataract ,  degenera t ive  or senile cataract ,  suga r  
cataract ,  and  s teroid cataract .  

The  m e t h o d s  of  eye e x a m i n a t i o n  also va ry  greatly.  S imp le  m e t h o d s  such  
as flash-light or o p h t h a l m o s c o p e  e x a m i n a t i o n  m a y  suff ice for the  
ep idemiologica l  a s s e s s m e n t  of  ca tarac t  p reva lence  and  for  the  d iagnosis  of  
m a t u r e  ca taracts  (7). More  detailed,  object ive,  and  r ep roduc ib l e  pro-  
cedures  are requi red  for  the  diagnosis  of  ear ly cataract ,  for  s tudies  t ry ing  
to l ink single r isk factors  wi th  specif ic  morpho log i ca l  fea tures  of  cataract ,  
or for the rapeu t ic  trials in which  the  p rogress ion  or regress ion  of  opaci t ies  
needs  to be  closely observed .  Var ious  p h o t o g r a p h i c  m e t h o d s  and  i l lumi- 
na t ion  t echn iques  are avai lable  t oday  to visual ize ex t r ac t ed  lenses  or 
lenses  in si tu at var ious  angles af ter  di la tat ion of  the  pupils ,  of ten wi th  the  
use  of a slit l amp  or slit ] amp  microscope .  C o m p u t e r  p r o g r a m s  have  b e e n  
deve loped  to evalua te  the  p h o t o g r a p h s  or the i r  negat ives ,  or s t anda rd  
p ic tures  can  be  used  for di rect  c o m p a r i s o n  (8). 

In  the USA the  Coopera t ive  Catarac t  Resea rch  G r o u p  (CCRG) has  
deve loped  a field m i c r o s c o p e  wi th  a s imple  c lass i f icat ion s y s t e m  for the  
evaluat ion  of  ex t rac ted  ca ta rac tous  lenses  by  p h o t o g r a p h i c  m e a n s  and  has  
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Table 1. Risk factors for cataract formation. 

Climatic conditions 
Solar radiation (UV-light, 310-340 nm) 
High altitude 
Low latitude 

Diseases 
Diabetes 
Diarrhea 
Cardiovascular diseases 
Respiratory diseases 
Hypocalcemia 
Galactosemia 
Uremia 
Phenylketonuria 

Drugs 
Corticosteroids 
Major tranquillizers (barbiturates, MAO-inhibitors, phenothiazines) 
Antihypertensives 
Cytostatic agents 

Occupations 
Glass blowing 
Steel work 
Dental laboratory work 
Outdoor work 
Work with microwaves 

Genetic predisposition 
Race black > white 

Indians > Bantus > whites 
Oriental Israelis > European Israelis > Oxford population 

Familial tendency 

Adapted from (2, 13-15) 

provided s tandard  pictures (6). The sys tem has now been adapted  to 
cataract diagnosis in vivo and is being continual ly improved  (9). It  is 
useful, especially for large scale investigations. 

The Sche impf lug  photographic  method  with correct ion for depth  pro- 
duces  UV-visible slit-lamp dens i tograms which  can be evaluated by an 
automat ic  laser-scanning device. This sophist icated approach  permits  the 
detect ion of  precataractous  changes  not  visible by other  techniques  (10, 
11). However,  the equ ipment  is expensive  and requires highly trained 
personnel  and at least 30 min for the examinat ion  of  one lens (12). 

Risk factors for cataract development 

The sharp increase in the prevalence of cataract  in the over 65-year-olds 
(Fig. 1), clearly points to age as a major  risk factor. However,  it is not  
known  with certainty whether  the aging process per  se predisposes  to 
cataracts or whe ther  they are the result of the cumulat ive  insults of  a life 
time, or of  reduced  resistance or repair capaci ty  of  the lens. In  the rela- 
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t ively shor t  per iod of  h u m a n  ca ta rac t  r e sea rch  a large n u m b e r  of  predis-  
pos ing  factors  have  been  ident i f ied s o m e  of  wh ich  are of  course  assoc ia ted  
wi th  increas ing  age (Table 1). 

Of  the  m a n y  factors  sugges ted  to p r ed i spose  to ca ta rac t  d e v e l o p m e n t  
the  d a m a g i n g  effect  of  excess ive  ul t raviole t  l ight  is one  of  the  m o s t  wide ly  
accepted.  The  et iological  t heo ry  is b a s e d  on f indings  tha t  ca ta rac t  is m o r e  
p reva len t  in the  sou th  than  in the  nor th  wi th  the  inc idence  be ing  h ighes t  
w h e n  long sunsh ine  hours  are c o m b i n e d  wi th  h igh  a l t i tude  and  low 
lati tude,  a s i tuat ion tha t  is found  in the  Tibet ,  wh ich  has  indeed  one of  the  
h ighes t  ca tarac t  rates  k n o w n  (16). These  ep idemio log ica l  da ta  are 
s u p p o r t e d  by  e x p e r i m e n t a l  f indings  in an imals  showing  tha t  UV-radia t ion  
f rom sunl ight  or o ther  sources  induces  ca ta rac tous  changes  in the  e x p o s e d  
lens (17). The  theory  has  howeve r  been  cha l lenged  on the  basis  of  f indings  
in Ind ia  which  d e m o n s t r a t e d  no relat ion of  ca ta rac t  to sunl ight  bu t  a ve ry  
s t rong one to r ecu r ren t  d iar rhea  and  ma lnu t r i t i on  (18). 

Of  the  diseases  associa ted  wi th  an increased  p reva lence  of  cataract ,  
d iabe tes  is the m o s t  impor tan t .  Pa t ien ts  wi th  adul t -onse t  d iabetes ,  in 
par t icular  those  wi th  poor  b lood  g lucose  control ,  a p p e a r  to be  at the  
grea tes t  r isk (19). 

I t  has var ious ly  been  s t ressed  tha t  the  factors  l isted in Tab le  1 should  not  
be  r ega rded  as single causes  of  ca ta rac t  bu t  ra ther  as a c o m p l e x  of  
in terac t ing  factors  increas ing  the  r isk  of  ca tarac togenes is .  Severa l  s tudies  
have  been  set  up  to learn m o r e  abou t  the  i m p o r t a n c e  of  the  var ious  
ca tarac t  inducers  (20). 

Mechanisms of lens opacif icat ion 

Grea t  unce r t a in ty  still exis ts  a b o u t  the  b iochemica l  m e c h a n i s m s  lead ing  
to r educed  lens t r ansparency ,  especia l ly  regard ing  the  ques t ion  w h e t h e r  
the  di f ferent  types  of  ca ta rac t  deve lop  via a c o m m o n  p a t h w a y  or w h e t h e r  
only  one s tep or pe rhaps  none  is c o m m o n  to all forms.  

One of  the  bes t  unders tood ,  t hough  still pa r t ly  specula t ive ,  m e c h a n i s m s  
is tha t  of  sugar  ca ta rac t  d e v e l o p m e n t  which  can  be  induced  in l abo ra to ry  
an imals  b y  feeding t h e m  excess ive  a m o u n t s  of  g lucose  or ga lac tose  or  b y  
giving t h e m  st reptozotocin ,  a d iabe togen ic  agent .  I t  is t h o u g h t  tha t  the  
e levated  b lood sugar  is me tabo l i zed  by  the  e n z y m e  a ldose  r educ ta se  to 
sugar  a lcohol  wh ich  then  a c c u m u l a t e s  leading to a h igh  osmot i c  g rad ien t  
wi th  swell ing of  the  lens and  finally to lens p ro te in  oxidat ion,  p ro te in  
aggregat ion,  and  pro te in  cross-l inking.  The  gross  changes  in p ro te in  fo rm 
lens opaci t ies  (19). 

The  m e c h a n i s m  leading to senile ca tarac t  could be  the  cont inua l  photo-  
oxida t ive  insult  of  lens pro te ins  by  UV-radia t ion  f rom sunlight .  In  the  
y o u n g  hea l thy  lens the  d a m a g e d  crystal l ins  are e l imina ted  b y  pro teo ly t ic  
enzymes .  These  p ro teases  act  as cata lys ts  b r eak ing  the  pep t ide  b o n d s  tha t  
jo in  the  cons t i tuen t  amino  acids in pro te ins  r educ ing  t h e m  to the i r  build-  
ing blocks.  The  process  of  aging r educes  not  only  the  a m o u n t  of  pro teo ly-  
tic enzymes  in the  lens bu t  also the i r  capac i ty  of  r e m o v i n g  d a m a g e d  lens  
protein.  Hence ,  aging decreases  the  repa i r  capac i ty  of  the  lens and  thus  
p r o m o t e s  the  aggregat ion  and  prec ip i ta t ion  of  d a m a g e d  p ro te in  (3). 
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Table 2. Harmful effects of free radicals on cellular components, 

Lipids 

Proteins 

Carbohydrates 

Nucleic acids 

Peroxidation of polyunsaturated fatty acids in organelles and 
plasma membranes 

Oxidation of sulfhydryl-containing enzymes with inactivation of 
enzymes 

Polysaccharide depolymerization 

Base hydroxylation, cross-linkage, scission of DNA strands 
(causing mutation, inhibition of protein, nucleotide and fatty 
acid synthesis) 

Adapted from (22) 

In  the deve lopment  of senile or l ight- induced cataract  as well as of  sugar  
cataract, oxidat ion appears  to occur  as one of  the steps. The possibil i ty has 
been considered that  oxidat ion m ay  be involved in mos t  or even all types  
of cataract, either as a p r imary  or secondary  event  (21). 

Oxidation reactions 

Biochemical  reactions involving oxygen  m a y  generate  free radicals, 
defined as chemical  species having one or more  unpai red  electrons in their  
outer orbitals. This state of  imbalance  renders  them reactive and inclined 
to seizing the miss ing electrons from, or donat ing  them to, other  molecules  
that are stable. The high affinity of  free radicals for other  molecules  
induces a chain or cascade reaction of  free radical generation.  

Apart  f rom the classical free radicals there exists a chemical  species, 
singlet oxygen,  which  is unstable  and highly reactive wi thou t  being a 
radical. Singlet oxygen  is a powerful  inducer  of  superoxide  radical forma- 
tion. The cellular componen t s  that  serve as targets for free radical a t tack 
include lipid membranes ,  proteins,  carbohydrates ,  and nucleic acids 
(Table 2). 

In  the presence of ambien t  oxygen  UV-light generates  free radicals as 
well as radical precursors  or intermediates  as for ins tance h y d r o g e n  perox- 
ide (H202) which,  by  acquir ing an electron, forms the highly reactive 
hydroxyl  radical. Singlet oxygen  too can be p roduced  by  UV-light. Other  
factors generat ing free radicals include env i ronmenta l  pollutants  such as 
ozone or ni t rogen oxide, cigarette smoke,  car exhaus t  fumes,  alcohol, and 
certain drugs (22). 

Potential protection against oxidation reactions 

Oxidative stress with the format ion of  reactive oxygen  species is a 
normal  part  of aerobic life. Intra- and extracellular  metabol i sm of oxygen  
cont inuously  p roduces  free radicals in small amounts .  In  some instances 
activated oxygen  species such as singlet oxygen  can have a beneficial 
effect in physiological  concentrat ions,  for instance in killing aerobic bac- 
teria, an activity which  may  depend  on their presence.  However ,  even low 
concentra t ions  of  free radicals would  most ly  be toxic to cells were it not  
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Table 3. Antioxidant action of vitamins. 

Vitamin C 
(water-soluble) 

Vitamin E 
(lipid.-soluble) 

B-carotene 
(lipid-soluble) 

Quenches singlet oxygen 
Stabilizes superoxide and other radicals 
Regenerates reduced vitamin E 

Quenches singlet oxygen 
Stabilizes superoxide and other radicals 
Stabilizes lipid membranes thus preventing 
production of lipid peroxidation 
Has sparing action on B-carotene 

Acts as the most efficient singlet oxygen quencher 
Has antioxidant properties at low oxygen pressure 

Adapted from (27) 

for the fact that  an elaborate ne twork  of  protect ive ant ioxidat ive factors 
had evolved in living organisms.  Under  physiological  condi t ions  the reac- 
tive oxygen  species, oxygen  free radicals and singlet oxygen,  can be 
inactivated by  enzymat ic  and non-enzymat ic  mechanisms .  Most cells con- 
tain enzyme sys tems t ransforming free radicals to more  harmless  mole- 
cules; these enzymes  include superoxide  dismutase,  catalase or 
glutathione peroxidase  which  is present  in the lens in h igh concentrat ions .  
Another  defense sys tem involves free radical scavengers  and quenchers ,  
the mos t  impor tan t  being vi tamin C, v i tamin E, f~-carotene, cysteine and 
uric acid. Depend ing  on their solubili ty they are effective ei ther  in a lipid 
or aqueous  environment .  They  can in ter rupt  the chain react ion of free 
radicals if free radical generat ion is not  so great  as to overwhe lm the 
defense ne twork  (23-26). 

While the enzymes  inactivating free radicals cannot  be mobi l ized be- 
yond  a certain point, the level of  an t ioxidant  nutr ients  - v i tamin C, v i tamin 
E and [3-carotene - can be increased accord ing  to the p re sumed  needs of  
the organism for ant ioxidant  protec t ion (Table 3) (27). 

The findings that  oxidat ion react ions are impor tan t  factors in catarac- 
togenesis  implies that  the ant ioxidant  vi tamins  may  play a role in the 
prevent ion  of cataract. Vitamin C and vi tamin E were  being s tudied as 
single entities in cataract  prevent ion  for several years before it was recog- 
nized that  the ant ioxidant  vi tamins m ay  be act ing in concer t  in the free 
radical defense system. Thus  only few exper imenta l  or clinical data  are 
available consider ing the combina t ion  of  these ant ioxidants  in man.  

V i t a m i n  C in c a t a r a c t  p r e v e n t i o n  

V i t a m i n  C c o n c e n t r a t i o n s  in  t he  e y e  

In  diurnal  species such as man,  monkey ,  rabbi t  and guinea  pig the 
concent ra t ion  of  vi tamin C in aqueous  h u m o r  is 10 to 50 t imes higher  than  
in p lasma and is also considerably  h igher  in cornea  and lens. On the o ther  
hand,  nocturnal  animals such as the rat have vi tamin C levels in aqueous  
h u m o r  and lens that are hardly  detectable.  Human ,  m o n k e y  and  rabbi t  
embryos  also have very  low ocular  vi tamin C concentrat ions .  Postnatal /y,  
however,  v i tamin C levels in the eye increase by a factor  of  20 to 40 (29, 30). 
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Table 4. In vitro effect of vitamin C on cataract development. 

Species Cataractogenic agent Remarks Reference 

Rat photoirradiation no damage to cation pump 29 
Rat photoirradiation reduced lipid peroxidation 40 
Rabbit photoirradiation protection of lens proteases 41,42 

These outs tandingly  high vi tamin C levels in eyes exposed  to light and 
thus to oxidant  stress have been considered suggest ive evidence  that  a 
funct ion of  the vi tamin is the ant ioxidat ive protec t ion of  structures,  in 
particular the lens, that  are sensitive to the effects of free radicals. Studies 
in guinea pigs indicate that  it is possible to increase the concent ra t ion  of  
vitamin C in aqueous  h u m o r  and lens by dietary supp lementa t ion  of the 
vi tamin (31). 

The vi tamin C concentra t ions  in the aqueous  h u m o r  and lens tend to 
decrease with age as well as with progress ing cataract  formation.  It  has 
been speculated in the li terature that  this decrease was due to rapid 
oxidation of  vi tamin C which  would  form the b runescen t  opacit ies that  
may  somet imes  be seen in cataracts (32, 33). However ,  it was pointed  out 
by others that  for technical  reasons this interpretat ion was not  permissible 
because the spectra on which  this hypothes is  was based were unspecif ic  
(34). Moreover,  a s tudy  in persons with senile cataract  demons t ra t ed  that  
the up take  of vi tamin C into aqueous  h u m o r  after a loading dose of  500 mg  
of the vi tamin was greatly delayed (35). A sluggish t ranspor t  of  v i tamin  C 
to aqueous  h u m o r  was also suggested to occur  in a s tudy  of  pat ients  with 
cortical cataract  (36). The reduct ion of  vi tamin C in aging and cataractous  
eyes may  thus be the expression of  a degenerat ive process  rather  than  of 
increased oxidat ion of the vitamin. 

The damaging  photochemica l  effect on the lens and the interact ion with 
vi tamin C can be demons t ra ted  in different animal models  (Tables 4 
and 5). 

A n i m a l  s t u d i e s  in  v i tro  

Cataractous lens and aqueous  h u m o r  of  various species conta in  
increased amoun t s  of  hydrogen  peroxide  (H202), a toxic metabol i te  of  
oxygen, and lenses incubated  in H202 will develop cataractous changes  
(21). It  may  be formed from the superoxide  anion radical by a d ismuta t ion  
reaction. H202, while not  being a radical itself, can form the highly reactive 
hydroxyl  radical. 

Studies analysing H202 concentra t ions  in aqueous  h u m o r  of  rabbit, 
guinea pig, and frog showed a linear relat ionship with vi tamin C concen-  
trations, and it was suggested  that  v i tamin C was the pr imary  source  of  
H202 in this fluid (37). Vitamin C would  thus have a deleterious rather  than 
protective effect. However ,  this view has been contested,  and it was 
suggested that the directly propor t ional  concent ra t ion  of  H202 and vit- 
amin C represented a dynamic  equi l ibr ium prevent ing the generat ion of 
more  damaging  oxidant  species, H202 being a "relatively benign by- 
product  of  the non-enzymat ic  removal  of  more  deleterious oxidant  species 
such as free radicals or hydroperox ides"  (38). No correlat ion be tween  
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vi tamin C and H202 concent ra t ions  in aqueous  h u m o r  of  pat ients  wi th  
cataract  was no ted  by  other  authors  (39). 

A trial expos ing  rat lens to l ight in the p resence  of  a photosens i t izer  
demons t ra ted  that  the pho tochemica l  p roduc t ion  of oxygen  radicals led to 
physical  damage  of  the  lens reduc ing  cat ion p u m p  capacity.  This damag-  
ing effect  could  be p reven ted  by  the addi t ion of  v i tamin  C as well as of  
superox ide  d ismutase  (29). 

Another  express ion  of  pho toox ida t ive  damage  of  the lens is l ipid peroxi-  
dat ion of  lens membrane .  This effect  can be assessed by  measur ing  
ma loned ia ldehyde  (MDH), a b r e a k d o w n  p roduc t  of  l ipid peroxides .  In an 
in vitro s tudy  using rat lenses, lipid perox ida t ion  was shown to be pre- 
ven ted  by  the enzymes  superox ide  d ismutase  and catalase as well  as by  
vi tamin C again suppor t ing  a pro tec t ive  effect  of  the  an t iox idan t  sys tems 
in the eye (40). 

A new mode l  for the assessment  of pho toox ida t ive  damage  to the  lens 
and its p reven t ion  is the m e a s u r e m e n t  of  protease  funct ion.  Pho toox ida -  
t i r e  action appears  to r educe  the capaci ty  of  lens proteases  - among  t h em  
of leucine aminopept idase  - to e l iminate  damaged  prote in  which  will then  
aggregate. A recent  s tudy  demons t ra t ed  that  the reduc t ion  of  aminopep-  
t idase activity, caused by  photo i r radia t ion  of  rabbi t  lens, could  be de layed  
by  v i tamin C, and consequen t ly  prote in  aggregat ion was de layed  as well. 
Another  proteolyt ic  pa thway  in the  lens, the degrada t ion  of  high molecu-  
lar weight  ubiqui t in-prote in  conjugates  has been  shown  in the  same in 
vitro s tudy  also to be p ro tec ted  by  the addi t ion  of  v i tamin  C (41, 42). 

While these in vitro models  have the  inheren t  d isadvantage  of  no t  
represent ing  in teract ing processes  of living organisms they  do prov ide  
suggest ive evidence  for a pro tec t ive  role of v i tamin  C against  free radical- 
induced  damage  to the cat ion pump,  lipid perox ida t ion  and against  pep- 
t idase inact ivat ion and prote in  aggregat ion in isolated lenses. This  means  
that  successive steps in the  process  of  cataract  formation,  i.e., p ro te in  
al terat ion and lipid damage  m a y  be modif ied  by  v i tamin  C (41). 

Animal studies in vivo/ex vivo 

An ex vivo study in guinea pigs appears to confirm the findings obtained 
in vitro. The animals were fed a diet either low (2 rag/day) or high (50 rag/ 
day) in vitamin C for 21 days) and the lenses were then extracted and 
exposed to UV-light. Compared with low-dose vitamin C there was a clear 
protective effect in the high-dose vitamin C-group on the integrity of lens 
crystallins and proteases (43). 
A protective effect of vitamin C has been demonstrated also against the 

development of cataracts induced by agents other than UV-light. Steroids 
are recognized to increase the risk of cataract formation) presumably also 
by oxidative damage to the lens. In chick embryos who were administered 
glucocorticoid) cataracts developed within 48 h. Vitamin C concentrations 
in the lens decreased rapidly and lipid peroxide levels increased. These 
developments could be prevented by giving vitamin C 3, 10 and 20 h after 
glucoeorticoid administration (44, 45). Interestingly, the local administra- 
tion of cortisone in the form of eye drops significantly reduces the vitamin 
C concentration in aqueous humor of albino rabbits (46). 
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Another  animal model  is the p roduc t ion  of  cataract  in scorbut ic  guinea 
pigs by giving high concentra t ions  of  galactose, a form of sugar. The same 
type of cataract  is found in patients with galactosemia,  an inborn  error of  
metabol ism which  leads to galactose accumula t ion  in the eye due to 
impaired galactose biotransformation.  In  guinea  pigs galactose cataracts  
could be delayed by  the addit ion of vi tamin C to the diet (47). 

These studies provide some insight into the cataract-prevent ive effect of  
vi tamin C, but  obviously  more  detailed studies us ing in vivo models  
would be desirable. Recently,  the E m o r y  mouse  with genetic  cataract  has 
been proposed  as a model  resembl ing  h u m a n  senile cataract  (48). The 
model  m a y  be suitable but  it mus t  be r e m e m b e r e d  that  the mouse  is a 
nocturnal  animal and, for studies invest igat ing the effect of  v i tamin C, that  
in contrast  to man  this species can synthesize  v i tamin C accord ing  to its 
needs. 

S t u d i e s  in  h u m a n s  

Data on a possible role of  vi tamin C in the prevent ion  or the rapy  of  
h u m a n  cataract  is scarce even t hough  some pharmaceut ica l  preparat ions  
contain vi tamin C as one of  several components .  The reasons for the 
inclusion of  the vi tamin appear  to be rest i tut ion of low vi tamin C concen-  
trations in aqueous  h u m o r  associated with cataract  format ion  and 
unspecif ic  "biost imulat ion" (49). 

Newer  preparat ions have been designed on the basis of  a therapeut ic  
rationale such as the protect ion of  the lens against  oxidat ive damage.  One 
prepar ta t ion tested in double-bl ind trials in 100 patients contains  amino 
acids, v i tamin B-6, which  is necessary  for amino acid metabol ism,  and 
vi tamin C. The evaluation of the s tudy  was carried out  by  densi tometr ie  
analysis of  Scheimpf lug  pho tographs  taken  at the beginning  and every 3 
months  of  the trial. The results showed that  t reatment ,  wh ich  included 
about  350 mg  vi tamin C daily for 9 months ,  r educed  or even halted the 
progress ion of  cataract  deve lopment  in compar i son  with placebo (50). 

The scientific rationale suggest ing a role of  v i tamin C in cataract  preven-  
tion and the cor responding  findings in animal  studies indicate that  exten- 
sive investigations of  the vi tamin in man  would  be desirable. 

Table 5. In vivo effect of vitamin C on cataract development. 

Species Cataractogenic Vitamin C Remarks Reference 
agent dose 

Guinea pig UV light 2 mg or protective effect of 43 
50 mg/day high-dose vitamin C 

Chick embryo steroid 3 times reduced lipid pero- 44 
20 ~tmoYegg xides 

Guinea pig galactose 1.1 g/day delayed cataracto- 47 
(scorbutic) genesis 
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Vitamin E in cataract prevention 

V i t a m i n  E c o n c e n t r a t i o n s  in  t h e  e y e  

Much less is k n o w n  abou t  the  d is t r ibu t ion  of  v i t amin  E in the  o rgan i sm 
than  abou t  tha t  of  v i t amin  C, as the  t r anspor t  and  di f fus ion of  v i t amin  E is 
cons iderab ly  m o r e  complex .  I t  appea r s  tha t  v i t amin  E is not  concen t r a t ed  
in aqueous  h u m o r  and  lens as preferent ia l ly  as v i t a m i n  C (51). A s tudy  of 
the  u p t a k e  of  v i t amin  E in k i t tens  has  s h o w n  tha t  the concen t ra t ion  of  the  
v i t amin  in the  eye can  be  increased  by  oral, i n t ramuscu la r ,  and  int rave-  
nous  adminis t ra t ion .  However ,  the  levels were  not  p red ic tab le  and  could  
va ry  signif icantly be t ween  the  eyes  of  the  s a m e  animal.  No clear  correla- 
t ion wi th  p l a s m a  v i t amin  E levels was  no t ed  (52). The  analysis  of  ex t r ac t ed  
h u m a n  eyes, lacking the  lens, s howed  tha t  the v i t a m i n  E concen t ra t ions  
were  c o m p a r a b l e  to those  in o ther  non-ad ipose  t i ssues  (53). 

The p roduc t ion  of  diabet ic  ca tarac t  in rats  wi th  the  admin i s t r a t i on  of 
s t rep tozotoc in  led to decreas ing  v i t am i n  E concen t ra t ions  in the  lens 
wh ich  was a c c o m p a n i e d  by  an increase  in l ipid pe rox ide  levels. These  
changes  occur red  before  any  s ignif icant  opac i ty  was  no tab le  (54). 

A n i m a l  s t u d i e s  in  v i t ro  

A role of  v i t amin  E in the m a i n t e n a n c e  of lens t r a n s p a r e n c y  was  sug- 
ges ted  by  f indings in rats. One- thi rd  of  the  of fspr ing  of  m o t h e r s  w h o  had  
rece ived  a diet  def ic ient  in v i t amin  E and  t r y p t o p h a n  had  lens opaci t ies  in 
one or bo th  eyes  (55). In  a s tudy  assess ing  a poss ib le  p ro tec t ive  effect  o f  
v i t amin  E on pho toox ida t ive  lent icular  damage ,  rat  lenses  m a i n t a i n e d  in 
cul ture  were  expo s ed  to l ight  of  v is ible  f requency ,  and  the  ex ten t  of  
pe rox ida t ive  degrada t ion  of  l ipids was  assessed  by  m e a s u r e m e n t s  of  
m a l o n e d i a l d e h y d e  (MDH). The  addi t ion  of v i t amin  E to the  m e d i u m  
subs tant ia l ly  r educed  the  genera t ion  of  MDH. This  was  in t e rp re t ed  as 
suppor t ing  the  hypo thes i s  tha t  v i t amin  E could p reven t  the  l igh t - induced  
genera t ion  of oxygen-f ree  radicals  (56). 

Catarac t  fo rmat ion  can be induced  in isola ted rat  lenses  wi th  d i f ferent  
fo rms  of radia t ion inc luding  ionizing and  m i c r o w a v e  radiat ion.  An in vi t ro  
e x p e r i m e n t  was  conduc ted  in wh ich  ca ta rac t  d e v e l o p m e n t  wi th  d a m a g e d  
lens f iber  cell m e m b r a n e s  was ach ieved  wi th in  24 h of  us ing  ionizing 
radiat ion,  a p rocess  tha t  no rma l ly  t akes  several  m o n t h s  in an ima l  exper i -  
ments .  As could be  shown,  m e m b r a n e  d a m a g e  was great ly  d imin i shed  b y  
the addi t ion  of  v i t amin  E to the  m e d i u m .  I t  was  pos tu la t ed  tha t  the  
pro tec t ive  effect  cons is ted  e i ther  in free radical  s caveng ing  or in increas-  
ing m e m b r a n e  f luidity and  p reven t ion  of  cell m e m b r a n e  leakiness ,  con- 
s idered an ear ly event  in ca ta rac togenes i s  (57). 

In  other  in vi t ro s tudies  ca tarac t  f o rma t ion  was i nduced  by  incuba t ing  rat  
and  gerbil  lenses  wi th  glucose.  Opaci t ies  in gerbil  lenses  d e v e l o p e d  wi th in  
24 h, those  in rat  lenses  wi th in  96 h. The  fas ter  fo rma t ion  in gerbil  lenses  was  
a t t r ibu ted  to the  h igher  a ldose  r educ ta se  act ivi ty  in gerbi ls  leading to a 
fas ter  enzymat ic  t r ans fo rma t ion  of  sugar  to sugar  a lcohol  and  thus  osmot i c  
stress. In  this m o d e l  the  par t ic ipa t ion  of  ox ida t ive  d a m a g e  was  exc luded  by  
the f inding tha t  the  an t iox idan ts  v i t am i n  E and  g lu ta th ione  did not  p r even t  
ca tarac t  fo rmat ion  (58). Others  did h o w e v e r  d e m o n s t r a t e  a p ro tec t ive  effect  
of  v i t amin  E in vi tro aga ins t  ca tarac ts  i nduced  by  e levated  g lucose  and  
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Table 6. In vitro effect of vitamin E on cataract development. 

Species Cataractogenic agent Remarks Reference 

Rat photoirradiation 
Rat ionizing radiation 
Rat/gerbil glucose 
Rat glucose/galactose 

Rat steroid 
Rat high temperature 

reduced photoperoxides 56 
reduced cell membrane damage 57 
no effect 58 
effect against glucose, partial effect 59 
against galactose cataract 
reduced lens damage 60 
prevention of cataractogenesis 61 

partly against  those induced  by elevated galactose levels (59). These find- 
ings suggest  that  sugar  cataract  format ion is a complex  process,  p robably  
involving both  oxidative and osmotic  stress. 

Still other in vitro models  in which  a protect ive effect of  vi tamin E was 
observed include steroid cataracts and cataracts  induced  by elevated 
tempera tures  (60, 61) (Table 6). 

As in the case of  vi tamin C, the in vitro f indings of a beneficial effect of  
vi tamin E on the lens have been conf i rmed us ing in vivo animal models  
(Table 7). 

A n i m a l  s tud ies  in v ivo 

Cataractogenesis  by oxidative damage  was s tudied in the E m o r y  mouse  
with the use of  the Scheimpf lug  camera. The addit ion of  30 mg  vi tamin E/ 
kg of  the diet and the weekly  intraperi toneal  adminis t ra t ion of  l0 mg 
vitamin E considerably  d e l a y e d  the occurrence  of  opacit ies c o m p a r e d  
with controls  (62). When 3-aminotriazole, an inhibitor  of catalase, was used 
in rabbits  as a prooxidant  cataractogenic subs tance  it could be shown  that  
the progress ion of cataract  formation,  assessed by slit-lamp microscopy,  
was arrested in about  50 % of the animals after 2 to 16 weeks  of  parenteral  
vitamin E adminis t rat ion in doses of  50 mg/kg body  weight  daily. 
Superoxide  was 70 % lower in aqueous  h u m o r  and MDA was 33 % lower  in 
the lens of  v i tamin E-treated animals than  of  unt rea ted  animals. Vi tamin C 
levels in aqueous  humor ,  which  were reduced  by 60 % in unt rea ted  
cataractous rabbits, were normalized by vi tamin E t rea tment  (63). These  
findings underl ine the impor tance  of free radical mechan i sms  in catarac- 
togenesis and the defense afforded by  ant ioxidants  such as vi tamin E (64). 

In the case of  sugar  cataracts the findings in different in vivo studies are 
partly contradictory.  In one s tudy the adminis t ra t ion of v i tamin E in doses 
of l0 and 20 mg/100 g body  weight  to rats and 15 and 30 mg/kg body  weight  
to rabbits together  with galactose as cataractogenic  agent  resulted in a rate 
of cataract  format ion that, compared  with controls,  was reduced by  50 % to 
70 %, as well as in a delay in the appearance  of  various cataract  stages as 
judged  by naked  eye and ophtha lmoscopic  evaluat ion (65). No effect of  
vi tamin E (5 g/kg diet) was noted on galactose- induced cataracts in a s tudy  
in rats, but  cataracts caused by  glucose were successful ly prevented  by 
vi tamin E. Cataract  format ion was assessed by scanning  electron micros- 
copy (59), a me thod  that  has been severely criticized in the contex t  of  
cataract  studies (66). 
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St reptozotoc in-d iabet ic  rats  wi th  h ighly  increased  b lood  g lucose  levels  
again r e s p o n d e d  to t r e a t m e n t  wi th  v i t am i n  E ( subcu taneous  inject ions of  
1 g/kg b o d y  weight)  b y  showing  only  m i n i m a l  lens changes  c o m p a r e d  wi th  
an un t rea ted  control  g roup  which  had  grea t ly  d a m a g e d  lenses.  The  protec-  
t ive effect  of  v i t amin  E was  ev iden t  in spi te  of  u n c h a n g e d  levels of  f ruc tose  
and glucose  in the lenses  (67). 

The  reasons  for the  con t rad ic to ry  f indings in ga lac tose  ca ta rac ts  are not  
yet  known.  The  fact  tha t  a part ial  r e s pons e  to v i t amin  E was  no ted  in s o m e  
studies  and  tha t  an effect  of  the  an t iox idan t  v i t amin  C was  also d e m o n -  
s t ra ted m a y  be  an indicat ion tha t  ox ida t ion  par t ic ipa tes  at one  s tage of  
galactose ca ta rac togenes i s  t h o u g h  other  fac tors  m a y  be  m o r e  impor tan t .  

The  k n o w n  b iochemica l  func t ions  of  v i t am in  E as a l ipid an t iox idan t  in 
cell m e m b r a n e s  and  the  pos i t ive  f indings  of  a p ro tec t ive  effect  of  the  
v i t amin  agains t  ca tarac t  d e v e l o p m e n t  i nduced  by  var ious  agents  jus t i fy  
ex tens ive  inves t igat ions  in h u m a n  cataract .  

G-carotene in cataract formation 

The idea tha t  e-carotene  m a y  be  invo lved  in the  an t iox idan t  de fense  
sys t em regard ing  ca tarac t  fo rmat ion  s t ems  f rom its l igh t -pro tec t ive  func- 
tion. The  idea is howeve r  qui te  new so tha t  no da ta  have  so far  b e c o m e  
avai lable on the  concen t ra t ion  of  ~-carotene in the  eye, and  no in vi t ro  and  
in vivo an imal  s tudies  of  ca ta rac t  p reven t ion  have  been  pe r fo rmed .  

An i m p o r t a n t  b iochemica l  func t ion  of  13-carotene is the  q u e n c h i n g  of 
singlet  o x y g e n  (68, 69). I t  has  m o r e o v e r  been  s h o w n  also to act  as a l ipid 
an t iox idan t  inhibi t ing free radical  i nduced  lipid pe rox ida t ion  in m e m -  
branes  (70). e-carotene is unusua l  in tha t  it is m o s t  effect ive as an ant ioxi-  
dant  at low oxygen  p ressure  (71), and  it could thus  c o m p l e m e n t  the  
an t iox idan t  act ion of  v i t amin  C, v i t amin  E, and  the an t iox idan t  enzymes .  

Photopro tec t i ve  e f f ec t  o f  fl-carotene 

Ind i rec t  ev idence  for  a pho top ro t ec t ive  effect  of  e -carotene  was  ob ta ined  
in a s tudy  inves t iga t ing  changes  in ~-carotene p l a s m a  levels in h u m a n  
volun teers  af ter  r epea ted  e x p o s u r e  to UV-radiat ion.  The  levels were  found  
to be  s ignif icant ly  reduced.  This  was t h o u g h t  to resul t  f rom an in terac t ion  
of e-carotene  wi th  s inglet  oxygen  and  free radicals  gene ra t ed  by  photooxi -  
dat ion (72, 73). 

More  directly,  a pho top ro t ec t i ve  effect  was  d e m o n s t r a t e d  in pat ients  
wi th  e ry thropoie t ic  p ro toporphyr i a ,  a genet ic  d i sorder  wi th  h igh  skin  
sensi t ivi ty  to l ight  (380-560 nm). S ince  the  f indings  in the  ear ly 1970s tha t  
e-carotene cons ide rab ly  i m p r o v e d  the  to le rance  of  the  major i ty  of  pa t ien ts  
to sunl ight  (74) B-carotene has  r em a i ned  the  t r e a t m e n t  of  choice  in ery- 
thropoie t ic  p ro toporphyr i a .  I t  is i m p o r t a n t  to ad jus t  the  dose  of  ~-carotene 
to the  indiv idual  r e q u i r e m e n t s  of  the  pat ients ,  wh ich  m a y  va ry  consider-  
ably  (75). 

I t  would  not  be  permiss ib le ,  of  course,  to deduc t  f rom these  pos i t ive  
f indings a p ro tec t ive  effect  of  G-carotene also aga ins t  pho toox ida t ive  dam-  
age to the  lens. Never the less ,  the  b iochemica l  role of  ~-carotene as a 
singlet  o x y g e n  q u e n c h e r  and  an t iox idan t  and  the  clinical f indings  of  a 
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photoprotec t ive  effect in the skin s t rongly suppor t  the pe r fo rmance  of 
animal  studies invest igating various types  of  cataract  format ion in analogy 
to the studies with vi tamin C and vi tamin E. Studies  us ing  a combina t ion  
of ant ioxidant  vi tamins will be valuable as well. I f  an ant icataract  effect of  
~-carotene can be confirmed,  investigations in h u m a n s  will be indicated. 

C o m b i n e d  a n t i o x i d a n t s  in h u m a n  c a t a r a c t  p r e v e n t i o n  

As the concept  of  a protect ive role of an ant ioxidant  defense sys tem 
against  cataract  format ion is quite new hardly  any  trials have been carried 
out  in man. A notable  except ion  is a recent  s tudy  in which  the ant ioxidant  
status of  112 persons - 77 wi th  and 35 wi thout  cataract  - was de te rmined  
by  the analysis of  the enzymes  superoxide  dismutase,  g luta thione perox- 
idase and glucose-6-phosphate  dehydrogenase  in e ry throcytes  as well of  
vi tamin E, vi tamin C and ~-carotene in plasma. The eye examinat ions  
included tests of  visual acui ty  and slit-lamp biomicroscopy.  

The enzyme activities in ery throcytes  did not  differ be tween  those with 
and those wi thout  cataract. However,  subjects  with cataract  had signifi- 
cantly lower  plasma levels of  at least two ant ioxidant  vi tamins indicat ing 
that  persons with higher  levels of  ant ioxidant  vi tamins  may  be at a 
reduced risk of  cataract  development .  The lack of  an inverse correlat ion 
be tween enzyme activity and risk of cataract  deve lopmen t  was unex-  
pected. A possible explanat ion is that  while the concent ra t ions  of  the 
ant ioxidant  vi tamins in plasma and lens have a direct  relationship, the 
enzyme activity in red b lood cells may  not  reflect enzyme activity in the 
lens (76). 

Recently,  a case control  s tudy  examining  the supp lemen ta ry  intake of  
vi tamin C and vi tamin E was conc luded  in 175 cataract  patients need ing  
surgery  and in an equal n u m b e r  of  ma tched  disease-free controls.  Most 
subjects who did take supplements  used doses of 300-600 m g  vi tamin C 
and 400 mg vi tamin E. The analysis of  the compar i son  be tween  supple- 
men t  users and non-users  showed that  those taking them had a signifi- 
cantly lower incidence of  cataract, or converse ly  that  the g roup  of cataract  
surgery patients inc luded significantly fewer subjects  who had taken  
supp lementa ry  v i tamin C and vi tamin E (77). 

These studies provide prel iminary evidence  for a protect ive role of  the 
ant ioxidant  defense sys tem in cataractogenesis  in h u m a n s  jus t i fying 
double-bl ind in tervent ion studies wi th '  an ant ioxidant  combinat ion.  A 
suitable model  may  be the selection of  persons  with presenile cataract  in 
w h o m  the progress ion of  opacities can be followed with or wi thou t  
prophylact ic  t reatment.  

C o n c l u s i o n s  

The role of the lens is to collect and focus light on the retina. It  is 
therefore pe rmanen t ly  exposed  to photooxida t ive  stress wh ich  m a y  cause, 
or at least contr ibute  to, the deve lopment  of  cataracts. Lens  opacit ies can 
be initiated also by agents other  than light as for ins tance  h igh blood 
sugar, steroids or ionizing radiation. It is possible that  in these cases too 
oxidation occurs  at one point  in the chain of  events leading to cataract. 
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Aging appea r s  to be  the  grea tes t  r isk factor  for the  d e v e l o p m e n t  of  lens 
opacities.  The  reason  m a y  be  cumula t ive  effects  of  pho toox ida t ive  insults  
leading to the  genera t ion  of exc i ted  o x y g e n  species,  i.e., free radicals  and  
singlet  oxygen.  The  lens conta ins  e labora te  an t iox idan t  de fense  sy s t ems  
to r e spond  to oxida t ive  at tack.  One s y s t e m  compr i se s  enzymes  wh ich  
deact iva te  specif ic  exc i ted  oxygen  species.  They  inc lude  supe rox ide  dis- 
mutase ,  catalase,  and  g lu ta th ione  peroxidase .  The  p rocess  of  aging is 
associa ted wi th  p rogress ive  reduc t ion  in the  act ivi ty  of  these  enzymes  
which  in tu rn  increases  the  suscept ib i l i ty  of  aging lenses  to oxida t ive  
damage  (78). 

Ano the r  l ine of  an t iox idan t  defense  c o m p r i s e s  v i t amin  C, v i t amin  E, and  
~-carotene. They  act as free radical  s cavenger s  or s inglet  oxygen  quen-  
chers  or both.  Par t icu lar ly  v i t amin  C is p r e sen t  in the  lens and  aqueous  
h u m o r  in h igh  concent ra t ions .  The  an t iox idan t s  not  only  act  s ingly agains t  
oxidat ion reac t ions  bu t  m a y  also s u p p o r t  each  o ther  in thei r  funct ion.  
Vi tamin  E, which  has an i m p o r t a n t  role in the  p ro tec t ion  of l ipid cell 
m e m b r a n e s  by  in terac t ing  wi th  free radicals,  is r egene ra t ed  by  v i t amin  C. 
I t  can ma in ta in  its scaveng ing  act ivi ty as long as v i t a m i n  C is p r e sen t  
(79-81). Recent ly ,  it has  been  s h o w n  tha t  v i t amin  C and  g lu ta th ione  can 
exer t  thei r  p ro tec t ive  effect  in the  induc t ion  phase  of  m i c r o s o m a l  l ipid 
perox ida t ion  only if v i t am i n  E is p r e sen t  in the  m e m b r a n e  (82). 

The process  of  ca tarac t  fo rma t ion  involves  pho toox ida t ive  d a m a g e  to 
lens prote ins ,  the  crystal l ins,  which  aggrega te  and  cross- l ink fo rming  
opacities.  Normal ly ,  d a m a g e d  prote ins  and  pro te in  f r a g m e n t s  are elimi- 
na ted  b y  proteoly t ic  enzymes .  As these  p ro teases  are pro te ins  t h e m s e l v e s  
they m a y  undergo  the  s ame  pho toox ida t ive  d a m a g e  as the  crystal l ins.  
They  have  been  s h o w n  to lose their  act ivi ty  in the  lens wi th  inc reas ing  age  
and oxida t ive  stress. I t  is the re fore  of  great  in teres t  tha t  v i t amin  C was  
shown  to pro tec t  lens pro teases  in vi t ro against  pho toox ida t ive  damage .  

The clinical re levance  of the  pro tec t ive  an t iox idan t  n e t w o r k  aga ins t  free 
radicals  wh ich  can be d e m o n s t r a t e d  so e legant ly  in e x p e r i m e n t a l  mode l s  
has been  ques t ioned  (83). However ,  in the  case of  ca taracts  induced  by  
pho toox ida t ive  effects,  steroids,  g lucose  and  par t ly  galactose,  the  evi- 
dence  of  a p ro tec t ive  effect  o f  v i t amin  C and  E bo th  in vivo and  in vi t ro  is 
quite convincing.  ~-carotene should  theore t ica l ly  also p reven t  ca ta rac t  
fo rmat ion  bu t  it still needs  to be  tes ted  in the var ious  an imal  models .  The  
s i tuat ion in h u m a n  be ings  has  so far not  been  inves t iga ted  in depth.  The  
only ev idence  for a p ro tec t ive  effect  of  the  an t iox idan t  v i t amins  comes  
f rom an ep idemiologica l  s tudy  which  s howed  tha t  pe r sons  wi th  a h igher  
in take  of  at least  two an t iox idan t  v i t amins  were  at a lower  r isk of  ca ta rac t  
fo rmat ion  than  those  wi th  lower  intakes,  and  f rom a case-cont ro l  s t udy  in 
which  ca tarac t  pa t ien ts  were  found  to have  t aken  s ignif icant ly  fewer  
s u p p l e m e n t s  of  v i t am i n  C and v i t amin  E than  hea l thy  controls .  

Large-scale  in te rven t ion  s tudies  in h u m a n s  are now indicated to deter-  
mine  whe the r  d ie ta ry  s u p p l e m e n t a t i o n  wi th  the v i t amins  will af ford anti- 
oxida t ive  p ro tec t ion  and  delay the  occur rence  of lens opacit ies.  
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