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Sazetak

Vitamin C je esencijalan sastojak hrane ukljucen u mnoge bioloske i biokemij-
ske procese kao antioksidans. S obzirom da je oksidacijsko oStecenje poveza-
no s nastankom razlicitih bolesti, vitamin Cima potencijalno preventivan, ali
i terapijski ucinak. Voce i povrée su preporuceni izvori vitamina C koji imaju
preventivnu ulogu u razvoju malignih tumora i bolesti krvoZilnog sustava,
premda ne iskljucivo zbog vitamina C. Povrh toga, sintetski vitamin C uzet u
koli¢inama vecim od preporucenog dnevnog unosa (RDA) djeluje povoljno na
zarastanje rana, ublazavanje simptoma prehlade, ali i u prevenciji prehlade u
osoba izlozenih prekomjernom fizickom stresu. Takoder, vitamin C je ucinko-
vit u smanjivanju koncentracije fibrinogena povezanog s povecanim rizikom
od nastanka bolesti krvoZilnog sustava. Pozitivni u¢inci mogu se takoder os-
tvariti intravenskim unosom vitamina Ckod bolesnika s Secernom bolesti i ne-
kim oblicima malignih tumora. Medutim, pozitivni ucinci vrlo Cesto ovise 0
mnogim ¢imbenicima, kao $to su doza, dob, zdravstvene navike i dr.

Kljucne rijeci: vitamin , antioksidans, bolesti krvoZilnog sustava, maligni
tumori, prehlada, bolesti disnog sustava, Secerna bolest, siva mrena.
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Abstract

Vitamin Cis an essential nutrient involved in many biological and bioche-
mical processes as an antioxidant. As oxidative damage is implicated in the
development of various diseases, vitamin C could have a preventive or even
therapeutic effect. Fruits and vegetables are the recommended sources of vi-
tamin C. Five servings of fruits and vegetables are protective against cancer
and cardiovascular disease, however not because of vitamin C alone. On the
other hand, oral vitamin C supplements in amounts higher than Recomended
Daily Allowance (RDA) are beneficial in wound healing, reducing the duration
of common cold symptoms, but also in prevention of common cold in heavily
physically stressed persons. Furthermore, vitamin Cis effective in decreasing
serum fibrinogen, which is related to increased cardiovascular risk. Positive ef-
fects may be also achieved by intraarterial or intravenous administration of vi-
tamin Cin patients with diabetes mellitus and cancer. However, positive effec-
ts frequently depend on many factors, such are dose, age, health habits, etc.

Keywords: vitamin C, antioxidant, cardiovascular disease, cancer, common
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Uvod

L-askorbinska kiselina (vitamin C) je dio metabolizma glu-
koze koji kod ljudi ne postoji zbog nedostatka L-gulono-
lakton-oksidaze, tj. posljednjeg enzima u biosintetskom
stvaranju tog vitamina koji se stoga nuzno dobiva iz preh-
rambenih izvora (1). Vitamin C se nalazi u raznom vocu,
kao sto su narance, grejpfrut, jagode, maline, kivi, te pov-
réu poput kupusa, rajcice i paprike (2). Taj je vitamin pr-
vi izolirao Albert Szent-Gyorgyi 1928. godine, no zasluge
za njegovu popularizaciju pripadaju Linusu Paulingu. Se-
damdesetih je godina 20. stolje¢a Pauling naznacio vazno-
st vitamina C u sprjecavanju ili ublazavanju prehlade te u
potpornom lije¢enju karcinoma (3,4). Sto se danas moze
reci o vitaminu C, posebice njegovoj ulozi u sprjecavanju
i lijecenju bolesti?
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Introduction

L-ascorbic acid (vitamin C) is part of glucose metabolism,
which is not accessible to humans since they lack L-gulo-
nolactone oxidase, the last enzyme in the biosynthetic
pathway. Therefore, they must obtain it from dietary sour-
ces (1). Vitamin C could be found in many fruits such as
oranges, grapefruit, strawberries, raspberries, kiwi fruit,
and in vegetables such as cabbage, tomatoes, and bell
peppers (2). Vitamin C was first isolated by Albert Szent-
Gyorgyi in 1928 but the credit for its popularization goes
to Linus Pauling. In the 1970s, Pauling implicated the im-
portance of vitamin C in prevention or relief of the simple
cold and in the supportive treatment of cancer (3,4). What
can be said about vitamin C today, particularly regarding
its role in disease prevention and therapy?
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Preporuke vezane za prehranu

Referentni prehrambeni unosi (engl. dietary reference in-
takes, DRI) predstavljaju najnoviji skup prehrambenih
preporuka koje je u SAD-u donio Odbor za prehranu Za-
voda za medicinu, a koje se temelje na cetiri kategorije:
preporucenoj dnevnoj koli¢ini (eng. recommended dietary
allowance, RDA) - prosjec¢noj koli¢ini dnevnog unosa hra-
njive tvari koja sprje¢ava manjak u 98% populacije; proci-
jenjenoj prosje¢noj potrebi (engl. estimated average requi-
rement, EAR) - vrijednosti unosa prehrambene tvari za ko-
ju se procjenjuje da zadovoljava potrebe 50% populacije;
adekvatnom unosu (engl. adequate intake, Al) - vrijednos-
ti koja je odredena kao ciljna za individualan unos preh-
rambenih tvari za koje ne postoje RDA; te podnosljivoj
gornjoj koli¢ini unosa (engl. tolerable upper intake level,
UL) - najvisoj koli¢ini prehrambene tvari za koju je vjero-
jatno da ne predstavlja rizik nepovoljnih zdravstvenih uci-
naka u 98% populacije. Al se odreduje umjesto RDA uko-
liko ne postoji dovoljno znanstvenih podataka za izra¢un
EAR, kao sto je to slucaj u dojencadi. Proces odredivanja
RDA ovisi o mogu¢nosti odredivanja EAR (5). Kako bi se
osigurala zastita od antioksidansa, 75 mg/dan za Zene te
90 mg/dan za muskarce odredeni su kao RDA za vitamin
C. 2000 mg/dan je odredeno kao UL za odrasle osobe (6).
Mnoge su studije, medutim, pokazale da bi unos vitami-
na C za optimalno smanjenje rizika kroni¢nih bolesti kao
$to su karcinom i kardiovaskularne bolesti trebao biti visi
od najnovijih vrijednosti RDA (7,8). Preporucuje se pet ob-
roka voca i povré¢a dnevno zbog toga $to se ¢ini da je vita-
min C kao dodatak manje ucinkovit u sprjecavanju bolesti
i bolesnih stanja (8).

Uloga vitamina C

Vitamin C je vazan antioksidans koji sprje¢ava oksidaci-
ju drugih spojeva. Antioksidacijski u¢inak prehrambenih
¢imbenika in vivo moze se procijeniti na temelju nekoliko
pokazatelja, medu kojima koncentracija vitamina C pred-
stavlja vrlo osjetljiv pokazatelj oksidacijskog stresa (9). Vi-
tamin C takoder obnavlja tokoferoksilni radikal vitamina E
i time tom vitaminu omogucava da ponovno djeluje kao
antioksidans (10). Vitamin C je specifican donor elektrona
za 8 enzima ukljucenih u biosintezu kolagena, karnitina i
noradrenalina, amidaciju peptidnih hormona, te u meta-
bolizam tirozina. Takoder ima neenzimske reduktivne fun-
kcije u kemijskim reakcijama zbog svog redoksnog poten-
cijalaiintermedijera slobodnog radikala (5). Premda je to-
piv u vodi i lako se izlu¢uje iz tijela, vitamin C se nakuplja
u mozgu, kori nadbubrezne Zlijezde, jetri, slezeni, gustera-
¢i i bubreznom tkivu (11). Nadbubrezna Zlijezda je medu
organima s najvisom koncentracijom vitamina C radi bio-
sinteze kateholamina i adrenalne steroidogeneze (12).

Metabolizam vitamina C

Ako se uzima oralno, vitamin C se dobro apsorbira u nizim
dozama, no apsorpcija se smanjuje s pove¢anjem doze. Vi-
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Dietary recommendations

The Dietary Reference Intakes (DRI) are the most recent
set of dietary recommendations established by the Food
and Nutrition Board of the Institute of Medicine, USA,
which are based on the evaluation of four categories: Re-
commended Dietary Allowance (RDA) - the average die-
tary intake level of a nutrient that prevents a deficiency
in 98% of a population, Estimated Average Requirement
(EAR) - a nutrient intake value that is estimated to meet
the needs of 50% of a population, Adequate Intake (Al)
- a value set as a goal for individual intake for nutrients
that do not have a RDA, and Tolerable Upper Intake Level
(UL) - the highest level of a nutrient that is likely to pose
no risk of adverse health effects to 98% of a population.
The Al is set instead of an RDA if sufficient scientific evi-
dence is not available to calculate an EAR, such as in in-
fants. The process for setting the RDA depends on being
able to set an EAR (5). To provide antioxidant protection,
the RDA for adults for vitamin C is set at 75 mg/day for
females and 90 mg/day for males. UL for adults is set at 2,
000 mg/day (6). However, many studies have shown that
vitamin C intake for optimum reduction of chronic disea-
se risk such as cancer and cardiovascular diseases should
be higher than the newest RDA values (7,8). Five servings
of fruits and vegetables daily are recomended, because
vitamin C as a supplement seems to be less effective in
the prevention of diseases and conditions (8).

The role of vitamin C

Vitamin Cis an important antioxidant which prevents ot-
her compounds from being oxidized. Antioxidative effect
of food factors in vivo can be evaluated on the basis of se-
veral indices, where vitamin C concentration represents a
very sensitive index of oxidative stress (9). It also repairs
the tocopheroxyl radical of vitamin E, thereby permitting
vitamin E to function again as an antioxidant (10). Vitamin
C is a specific electron donor for 8 enzymes involved in
collagen, carnitine and noradrenaline biosynthesis, ami-
dation of peptide hormones, and in tyrosine metabolism.
It also has non-enzymatic reductive functions in chemical
reactions, based on its redox potential and its free-radical
intermediate (5). Although vitamin C is a water soluble
vitamin which could be easily excreted from the body,
brain, adrenal corte, liver, spleen, pancreas and kidney
tissues concentrate vitamin C (11). The adrenal gland is
among the organs with the highest concentration of vita-
min C in the body, where it is required both in catechola-
mine biosynthesis and adrenal steroidogenesis (12).

Vitamin C metabolism

When given orally, vitamin C is well absorbed at lower do-
ses, but absorption decreases as the dose increases. In the
blood, vitamin C is not protein bound, so it is filtered and
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tamin C nije vezan za proteine u krvi tako da se filtrira i
reapsorbira u bubrezima. Najvjerojatnije nepromijenjen
prolazi kroz glomerule i aktivnu tubularnu reapsorpciju
koju provodi transportni protein za vitamin C, a koja je
ovisna o koncentraciji. Kod zasi¢enja transportnog protei-
na vitamin C se dalje ne prenosi vec se izlu¢uje kroz mok-
rac¢u; u mokradi se pojavljuje u dozama iznad 100 mg/dan
(11), dok se potpuna zasi¢enost plazme pojavljuje kod
1000 mg/dan (8).

Vitamin C se kroz stani¢ne membrane najvjerojatnije pre-
nosi dvama zasebnim mehanizmima. Askorbinska kiseli-
na lako oksidira u dehidroaskorbinsku kiselinu (DHA) koju
stanice, koristeci glutation, ubrzano preuzimaju i reduci-
raju u askorbinsku kiselinu (13). Kako se izvanstani¢no ok-
sidiran askorbat unutar stanica reciklira, proces se naziva
recikliranje askorbata. Specificne izoforme transportera
glukoze, tj. GLUT1 i GLUT3, posreduju u prijenosu DHA
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reabsorbed by kidneys. It probably passes unchanged
through glomeruli and undergoes concentration-depen-
dent active tubular reabsorption by a vitamin C transport
protein. When the transport protein reaches saturation,
remaining vitamin C is not transported, and it is excreted
in urine. Vitamin C begins to appear in urine at doses abo-
ve 100 mg/day (11), while complete plasma saturation oc-
curs at 1,000 mg/day (8).

Vitamin C is transported across cellular membranes most
likely by two distinct mechanisms. Ascorbic acid is easi-
ly oxidized to the dehydroascorbic acid (DHA) which is
rapidly taken up by cells and reduced to ascorbic acid,
using glutathione for reduction (13). Because ascorbate
oxidized extracellularly is recycled intracellularly, the pro-
cess is called “ascorbate recycling”. The specific glucose
transporter isoforms, GLUT1 and GLUT3, mediate DHA
transport because of its similarity to the molecule of glu-
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SLIKA 1. Ravnoteza i redoks-vrste REDOX SPECIES u sustavu askorbin-
ske - dehidroaskorbinske kiseline. AscH2 (askorbinska kiselina), AscH—
(monoanion askorbata), Asc2— (dianion askorbata), AscH" (askorbil-
radikal), Asc— (radikal askorbata), DHA (dehidroaskorbat), DHAA(1) i
DHAA(2) (hidrolizirani oblici dehidroaskorbata) (17).

-H,0 || +H,0

DHAA (1) (>99%)
(PK ~8-9)

FIGURE 1. The equilibrium and redox species in the ascorbic acid-de-
hydroascorbic acid system. AscH, (ascorbic acid), AscH™ (ascorbate
monoanion), Asc>~ (ascorbate dianion), AscH" (ascorbyl radical), Asc-
(ascorbate radical), DHA (dehydroascorbate), DHAA(1) and DHAA(2) (de-
hydroascorbate hydrolyzed forms) (17).
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zbog njene sli¢nosti s molekulom glukoze (14). GLUT1 je
Siroko rasprostranjen u tkivima, a GLUT3 je ponajprije izra-
zen u mozgu, posteljici, testisu i trombocitima. Askorbin-
ska se kiselina, medutim, prenosi u stanicu i transporteri-
ma vitamina C, SVCT1 i SVCT2, ovisnima o natriju, od kojih
se jedan ili oba nalaze u vedini tkiva (15). Mutirani misevi
s SVCT2 imaju izrazito smanjenu koncentraciju askorbin-
ske kiseline u tkivu te umiru ubrzo nakon rodenja. Utjecaj
manjka SVCT2 na tkivne kateholamine najizrazeniji je u
nadbubreznojZlijezdi gdje su i epinefrin i norepinefrin sni-
zeni za 50% (16). Jo$ uvijek je nejasno koji putovi, tj. da li
SVCT1iSVCT2ili GLUT1 i GLUTS3, prevladavaju in vivo.
Vitamin Cima razli¢ite oblike ovisno o pH-mediju i oksida-
cijskom stanju (Slika 1). U fizioloskim uvjetima 99,95% vi-
tamina C je prisutno kao AscH-, askorbatni monoanin ili
samo “askorbat” (17).

COOH
ascorbate

—_—

13-HPODE OOH

€]
ascorbate L? OH

HO
0 O

HO

ascorbyl-HNE Conjugate

SLIKA 2. Vitamin C kao donor jednog elektrona te kao Michael-donor.
Vitamin C moze djelovati kao donor jednog elektrona HPODE i time po-
taknuti stvaranje alkoksi-radikala. Alkoksi-radikal je zatim podvrgnut
raskidanju veze a,B-ugljik-ugljik, pri ¢emu se stvaraju HNE i ostali pro-
dukti LPO. Vitamin C moze takoder funkcionirati kao Michael-donor i
reagirati s HNE i drugim produktima LPO, stvarajudi tako mnostvo ko-
njugata askorbila i produkata LPO(18).
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cose (14). GLUT1 is widely tissue distributed, while GLUT3
is primarily expressed in brain, placenta, testis, and plate-
lets. On the other hand, ascorbic acid is transported into
the cell by sodium-dependent vitamin C transporters
SVCT1 and SVCT2, one or both of which are found in mo-
st tissues (15). Mutant mice SVCT2 have severely reduced
tissue levels of ascorbic acid and die soon after birth.
The influence of the SVCT2 deficiency on tissue catecho-
lamines is most prominent in the adrenals, where both
epinephrine and norepinephrine are decreased over 50%
(16). It still remains unclear which pathways, either SVCT1
and SVCT2 or GLUT1 and GLUT3, dominate in vivo.
Vitamin C has various forms, depending on pH media and
its oxidation state (Figure 1). In physiological conditions,
99.95% of vitamin Cis present as AscH-, ascorbate monoa-
nion or just “ascorbate” (17).

COOH ascorby+*

H,O

— N\ CsHy1

alkoxy radical O*

N\
N

/

4-Hydroxy-2-nonenal (H

H* \/\/(LC
O\ sH14

other LPO products
(electrophilic alkenals)

Michael Addition ascorbate

(ascorbzlation)
2e-reaction

additional ascorbyl-LPO
Product Conjugates

FIGURE 2. Vitamin C as a one-electron donor and a Michael donor. Vi-
tamin C may function as a one-electron donor to HPODE, thereby indu-
cing formation of the alkoxy radical. The alkoxy radical then undergoes
a,3-carbon-carbon bond cleavage, generating HNE as well as other
LPO products. Vitamin C may also function as a Michael donor and rea-
ct with HNE and other LPO products, giving a variety of ascorbyl-LPO
product conjugates (18).
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U medudjelovanju s reaktivnim radikalima ili lipidnim pe-
roksidima askorbat otpusta jedan elektron, uz stvaranje
znatno manje reaktivnoga askorbilnog radikala. Nedavno
je dokazano da askorbat moze posredovati u pretvorbi
hidroperoksi-oktadekadienoi¢nih kiselina (HPODE) u ge-
notoksi¢an 4-hidroksi-2-nonenal (HNE). Medutim, askor-
bat takoder stvara konjugat s HNE preko Michaelove reak-
cije, dvoelektronske reakcije u kojoj askorbinska kiselina
ima ulogu nukleofila. Zbog toga vitamin C djeluje kao do-
nor elektrona HPODE te uzrokuje stvaranje HNE, a zatim
djeluje kao detoksikant prema HNE funkcionirajudi kao
Michaelova reakcija (Slika 2) (18).

S druge strane, askorbilni radikal je podvrgnut nerazmjer-
noj reakciji te obnavlja nesto askorbata i stvara DHA. DHA
je nepostojana i na slozen se nacin ubrzano razgraduje
uz konacni nastanak oksalne i L-treonske kiseline (Slika 3)
(19).

Vitamin C in disease prevention and therapy

Interacting with reactive radicals or lipid hydroperoxides,
ascorbate releases one electron and a much less reactive
ascorbyl radical is formed. Recently it has been shown
that ascorbate can mediate the conversion of hydrope-
roxy octadecadienoic acids (HPODE) into genotoxic 4-hy-
droxy-2-nonenal (HNE). However, ascorbate also forms a
conjugate with HNE by Michael addition, a two-electron
reaction in which ascorbic acid plays the role of a nucleop-
hile. Therefore, vitamin C acts as an electron donor to
HPODE, causing HNE formation, and subsequently acts as
a detoxifying agent against HNE by functioning as a Mic-
hael donor (Figure 2) (18).

On the other hand, ascorbyl radical undergoes a dispro-
portional reaction, regenerating some ascorbate and pro-
ducing DHA. DHA is unstable and degradates rapidly in a
complex way, eventually producing oxalic and L-threonic
acid (Figure 3) (19).

OH
—e,-H* —e o o
P— HO
+ e, +H* +e
(0] OH
o= CI— OH o= Cl)— OH
0= (|3 O=C—-OH
o =(|3 —_— oxalic acid
—C—-0OH
H | © O0=C—-OH
HO -C—H |
' H-C-OH
CH,OH |
HO-C—H
|
2,3-diketo-L-gulonic acid CH,OH

SLIKA 3. Razgradnja askorbata.

Vitamin Ci slobodni radikali

Antioksidacijski mikronutrijenti, kao i antioksidacijski enzi-
mi, su obrambeni sustavi u tijelu protiv slobodnih radika-
laireaktivnih molekula. Nastanak visoko reaktivnih kisiko-
vih metabolita jest karakteristika normalnoga stani¢nog
metabolizma te je dio prirodnoga imunog sustava u tije-

L-threonic acid

FIGURE 3. The degradation of ascorbate.

Vitamin C and free radicals

Antioxidant micronutrients, as well as antioxidant en-
zymes, are the body’s defense systems against free radi-
cals and reactive molecules. The generation of highly
reactive oxygen metabolites is a feature of normal cellu-
lar metabolism. It is a part of the body’s natural immune
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lu, mitohondrijskoga respiracijskog lanca, metabolizma
arahidonske kiseline, ovulacije i fertilizacije. lako se slo-
bodni radikali neprekidno proizvode u ljudskome tijelu,
njihovo se stvaranje moze umnogostruciti u patoloskim
okolnostima (20). Halliwell je ukazao da bi terapija antiok-
sidansima mogla imati zastitne ucinke ili pak pojacati o3-
tecenje, ovisno 0 njenom mjestu u redoslijedu dogadaja
(21). Uzimanje snaznog antioksidansa nakon $to je oksida-
cijsko ostecenje vec nastupilo moglo bi to oStecenje poja-
Cati tako da $to je antioksidans snazniji kao reducirajudi
agens, tim bi viSe problema mogao uzrokovati.

Zbog navedenoga nije iznenadujuca nedosljednost po-
dataka koji se odnose na makromolekularnu oksidaciju i
visok unos vitamina C. Oni ukazuju na zastitnu ulogu u ok-
sidaciji DNA (22,23), ali takoder na prooksidacijski kao i an-
tioksidacijski u¢inak u zdravih pojedinaca (24). Drugi, pak,
podatci ne ukazuju na ucinak visokog unosa vitamina C
bilo na ostecenje DNA ili zastitu od toksi¢nosti uzrokova-
ne vodikovim peroksidom (25), ili na djelotvornost u zasti-
ti od oStecenja kromosoma (26). S druge strane, manjak vi-
tamina Ci nekih drugih vitamina i minerala o3tec¢uje DNA
time $to uzrokuje kidanje jednostrukih i dvostrukih lana-
ca te oksidacijske ozljede (27). Sposobnost vitamina C da
osteti DNA, lipide i proteine in vitro pripisuje se stvaranju
reaktivnih metabolita kisika u prisutnosti tragova iona pri-
jelaznih metala, kao $to su radikal supeoksidnog aniona i
vodikov peroksid (28):

AscH + Oz—>AscH" + OZ"
AscH™ + 02" —> AscH™+ HZO2

ili ¢ak hidroksilni radikal (OH*) (29):

Fe(lll) + AscH- —Fe(ll) + Asc*-
Fe(ll) + H,O, — Fe(lll) + OH* + OH-

Hidroksilni radikal, koji je jedan od najsnaznijih poznatih
slobodnih radikala, moze pokrenuti peroksidaciju lipida,
uzrokovati kidanje lanaca DNA i oksidirati gotovo bilo ko-
juorgansku molekulu (30,31). Lijecenje Stakora vitaminom
C nakon kemijski potaknutog stvaranja OH* suzbija nasta-
nak tog radikala (32). U zdravih dobrovoljaca nadopune
zeljeza i vitamina C pojacavaju oksidacijsko ostecenje
DNA koje se kasnije normalizira moguce zbog prilagodbi
u stanici kao $to je porast koncentracija obnavljajucih en-
zima ili bolje pohranjivanje Zeljeza u feritin (33). Medutim,
vitamin C dalje ne pojacava oksidacijski stres potaknut
visokim prehrambenim unosom Zeljeza (34). Znacajno je
da se ioni zeljeza i bakra uglavnom odjeljuju u oblike ko-
ji ne mogu katalizirati stvaranje slobodnih radikala. Zbog
toga je njihov oksidacijski ucinak vrlo ogranicen i, prem-
da se jos uvijek moze dogoditi, vjerojatno je prikriven do-
minantnim antioksidacijskim u¢inkom vitamina C (20). U
ljudskoj plazmi uzetoj in vitro vitamin C zaista djeluje u pri-
sutnosti redoks-aktivnih Zeljeza ili bakra i vodikovog pe-
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system, mitochondrial respiratory chain, arachidonic acid
metabolism, ovulation and fertilization. Although free-
radical species are continuously produced in the human
body, their production can multiply during pathological
circumstances (20). Halliwell suggested that the adminis-
tration of antioxidants can have protective effects or wor-
sen damage, depending on where one is in the sequence
of events (21). Administration of a powerful antioxidant af-
ter oxidative damage has started could promote damage,
and the more powerful the antioxidant is as a reducing
agent, the more problems it might cause.

Therefore, it is not a surprise that data related to macro-
molecular oxidation and high vitamin C intake are incon-
sistent. They suggest a protective role in DNA oxidation
(22,23), but also a pro-oxidant, as well as an antioxidant
effect in healthy humans (24). Other data show no effect
of high vitamin C intake on either DNA damage or protec-
tion against hydrogen peroxide-induced toxicity (25), or
efficiency in protecting against chromosome damage
(26). On the other hand, a deficiency of vitamin C and so-
me other vitamins and minerals damage DNA by causing
single- and double-strand breaks and oxidative lesions
(27). Ability of vitamin C to damage DNA, lipids and pro-
teins in vitro is attributed to the formation of reactive
oxygen species in the presence of traces of transition me-
tal ions, such as superoxide anion radical and hydrogen
peroxide (28):

AscH™ + OZ—>AscH" + 02"
AscH™ + OZ" — AscH™+ HZO2

or even hydroxyl radical (OH®) (29):

Fe(lll) + AscH- —Fe(ll) + Asc*-
Fe(ll) + H,O, — Fe(lll) + OH* + OH-

Hydroxyl radical, one of the most potent free radicals
known, can initiate lipid peroxidation, cause DNA stra-
nd breaks and oxidize virtually any organic molecule
(30,31). Treatment of rats with vitamin C, after chemically
induced OH*formation, suppresses the generation of the
radical (32). In healthy volunteers, iron and vitamin C co-
supplementation enhance oxidative DNA damage which
is normalized afterwards, perhaps due to adaptations in
the cell, such as increase in repair enzyme levels or better
sequestration of iron into ferritin (33). However, vitamin
C does not further increase the oxidative stress induced
by high dietary iron (34). It is noteworthy that iron and
copper ions are mainly sequestered in forms unable to
catalyse free radical formation. Therefore, their oxidative
effect is very limited. Although it still could happen, it is
probably masked by the dominant antioxidative effect
of vitamin C (20). Indeed, in human plasma taken in vitro,
vitamin C acts in the presence of redox-active iron or cop-
per and hydrogen peroxide as an antioxidant which pre-

112



DomitrovicR.

Vitamin C u prevenciji i lijecenju bolesti

Domitrovi¢R.

roksida kao antioksidansa koji prijeci peroksidaciju lipida
i ne pospjesuje oksidaciju proteina (35).

Pusenje i vitamin C

Za pusace je poznato da su izloZeni mnogim oksidansima
(36). Prosje¢ne koncentracije vitamina C u plazmi pusaca
dvaput su niZze nego u nepusaca (37), zbog ¢ega su potre-
be za vitaminom C u pusaca povecane. Prethodna terapi-
ja bilo s vitaminom Cili vitaminom E u potpunosti inhibi-
ra oste¢enje DNA potaknuto ekstraktima iz dima cigarete
(38). Nadalje, pusenje cigareta je povezano s endotelnom
disfunkcijom ukljucujuci oslabljenu, o endotelu ovisnu i
protokom posredovanu dilataciju (39). Uobicajene kombi-
nirane doze nadopune vitamina C i E poboljsavaju endo-
telnu funkciju u kroni¢nih pusaca. Vitamin C takoder ob-
navlja brzinu koronarnog protoka oslabljenu zbog oksida-
cijskog stresa u pusaca (40).

Vitamin C u sprjecavanju i lijecenju bolesti

Koli¢ine vitamina C koje pruzaju sigurnu zastitu od skorbu-
ta jos uvijek mogu biti preniske da bi osigurale ucinkovitu
zastitu od drugih, najvjerojatnije antioksidacijskih reak-
cija u zarazenih osoba (41). RDA za vitamin C osigurava
zdravstvene prednosti za ljude, dok vise doze mogu imati
i moguce terapijske ucinke. Klini¢ke su studije pruzile do-
kaze da cijeljenje rana u ispitanika bez manjka vitamina C
moze biti znacajno ubrzano uz dnevne doze od 0,5do 3 g
(42). U kultiviranim ljudskim keratinocitima vitamin C dje-
luje kao modulator proliferacije i diferencijacije tako $to
izravno djeluje na keratinocit ili neizravno preko ucinaka
na fibroblaste (43). Vitamin C modulira rast i sazrijevanje
hondrocita te ubrzava cijeljenje prijeloma kosti (44,45).

U literaturi se ¢esto spominje i sudjelovanje vitamina C u
imunom obrambenom sustavu. Fagociti stvaraju slobod-
ne radikale kao dio obrane tijela od infekcije, a odgovara-
juce su koli¢ine neutralizirajuceg antioksidansa potrebne
za sprjecavanje ostecenja samih imunih stanica (46). Vita-
min C potice fagocitni odgovor misjih peritonejskih mak-
rofaga (47), kao i proliferacijski odgovor limfocita Bi T te
stvaranje interleukina-2 i interleukina-3 u svinja s nasljed-
nim nedostatkom u sintezi vitamina C (48). Cini se da u
ljudi kombinirana nadopuna vitamina Ci E ¢ak bolje jaca
imunoloski sustav nego nadopuna svakog vitamina za-
sebno (49).

Smanjene razine vitamina C mogu se nadi u razli¢itim bo-
lestima. Povezane su, primjerice, s Se¢ernom bolesti (50),
akutnim pankreatitisom (51), astmom (52) ili nestabilnim
koronarnim sindromom (53). Studije koncentracija vita-
mina C u dozama koje uzimaju zdrave osobe pokazuju
sigmoidan odnos izmedu oralne doze i koncentracija vi-
tamina C u plazmi i tkivu. Optimalno je doziranje stoga
presudno za intervencijske studije u kojima se primjenju-
je vitamin C (54).

Vitamin C in disease prevention and therapy

vents lipid peroxidation and does not promote protein
oxidation (35).

Cigarette smoking and vitamin C

Cigarette smokers are known to be exposed to a large
number of oxidants (36). Mean levels of vitamin C in the
plasma of smokers are twice lower when compared to
nonsmokers (37), which increases the requirement for vi-
tamin Cin smokers. Pretreatment with either vitamin C or
vitamin E completely inhibits the DNA damage induced
by extracts from cigarette smoke (38). Furthermore, ciga-
rette smoking is associated with endothelial dysfunction
including impaired endothelium-dependent flow-media-
ted dilation (39). The combined usual dosage of vitamin
C and E supplements improve the endothelial function
in chronic smokers. Also, vitamin C restores impaired co-
ronary flow velocity reserve against oxidative stress in
smokers (40).

Vitamin C in disease prevention and therapy

The amounts of vitamin C which safely protect from scur-
vy may still be too low to provide an efficient rate for ot-
her, most likely antioxidant reactions in infected people
(41). RDA for vitamin C has health benefit in humans, but
higher doses may have the potential therapeutic effects.
Clinical studies provide evidence that wound healing in
subjects not deficient in vitamin C also can be significantly
accelerated with daily dosages of 0.5 to 3 g (42). In cultured
human keratinocytes vitamin C acts as a modulator of pro-
liferation and differentiation, directly affecting the keratino-
cyte or indirectly through effects on fibroblasts (43). Vitamin
C modulates the growth and maturation of chondrocytes,
and accelerates bone fracture healing (44,45).

Vitamin C participation in immunological defense system
has been frequently reported. Phagocytes produce free
radicals as a part of the body’s defense against infection,
and adequate amounts of a neutralizing antioxidant are
required to prevent damage to the immune cells themsel-
ves (46). Vitamin C stimulates the phagocytic response of
murine peritoneal macrophages (47), as well as the prolife-
rative response of B and T lymphocytes and interleukin-2
and interleukin-6 production in pigs with hereditary defi-
ciency in vitamin C synthesis (48). In humans, combined
supplementation with vitamins C and E seems to be even
more immunopotentiating than supplementation with
either vitamin alone (49).

Decreased blood levels of vitamin C can be found in va-
rious diseases. They are associated with, e.g., diabetes
mellitus (50), acute pancreatitis (51), asthma (52) or an
unstable coronary syndrome (53). Dose concentration
studies of vitamin C in healthy people show a sigmoidal
relationship between oral dose and plasma and tissue
vitamin C concentrations. Therefore, optimal dosing is cri-
tical to intervention studies using vitamin C (54).
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Prehlada Common cold

Uloga nadopune vitamina C u sprjecavanju i lije¢enju preh-
lada ostaje prijeporna unato¢ mnogim kontroliranim ispiti-
vanjima. U studijama je ukazano da visoke doze vitamina
C primijenjene ubrzo nakon nastupa prehlade nisu smanji-
le trajanje ili jacinu simptoma prehlade u zdravih odraslih
osoba (55), no zato su uvelike umanjile simptome gripe i
prehlade (56). Usporedna analiza 30 ispitivanja pokazala
je skromnu korist skracenog trajanja simptoma prehlade
zahvaljujudi visokom unosu vitamina C (57). Cini se da su
preventivni u¢inci nadopune ogranic¢eni uglavnom na ispi-
tanike s niskim prehrambenim unosom vitamina C, no te-
rapijski se u¢inci mogu pojaviti i u Sirim populacijskim sku-
pinama (58). Profilaksa visokim dozama moze biti osobito
opravdana u osoba izlozenih kratkim periodima teZega tje-
lesnog vjezbanija i/ili hladnoj okolini. Kada su tijekom ispiti-
vanja ispitanici bili izlozeni tezim naporima, poput vojnih
novaka, zabiljezen je izraziti zastitni uc¢inak vitamina Cna in-
fekcije disnog sustava (59). Nedavno je randomizirano, kon-
trolirano petogodisnje ispitivanje ukazalo na to da nadopu-
na vitamina C znacajno smanjuje ucestalost prehlade, no
nema vidljivog ucinka na trajanje ili jacinu prehlade (60).

Razliciti uvjeti u studijama su najvjerojatnije objasnjenje
zasto tako mnogo ispitivanja ima tako proturje¢ne isho-
de. Simptomi prehlade variraju tijekom dana (61), podloz-
nost prehladama takoder je povecana u pusaca, dok je
umjerena konzumacija alkohola povezana sa smanjenim
rizikom u nepusaca (62). S obzirom na odgovor na dozu,
psiholoski stres je takoder povezan s povecanim rizikom
akutne zarazne respiracijske bolesti opcenito (63). Cini se
da je vitamin C od vece koristi za djecu nego odrasle u
pogledu trajanja prehlade. Doza mozZe takoder utjecati
na veli¢inu te koristi tako da u prosjeku postoji veca ko-
rist od 2 g/dan nego 1 g/dan vitamina (64). Blagotvoran
ucinak vitamina C tijekom prehlade vjerojatno potjece od
njegovih antioksidacijskih karakteristika. Kod infekcije se
aktiviraju fagocitni leukociti i stvaraju oksidirajuce spoje-
ve koji se oslobadaju iz stanica. Reakcijom s tim oksidanti-
ma vitamin C moze umanijiti njihove upalne ucinke (65).

Astma i opstrukcijska bolest pluc¢a

Astma je ponajprije upalna bolest disnih putova. Vitamin
Cima klju¢nu ulogu u obrani pred napadajem oksidana-
ta u disnim putovima. Manjak tog vitamina u ispljuvku as-
tmaticara moze biti ili osnovni ¢imbenik u patofiziologiji
astme ili odgovor na upalu astmatskih diSnih putova (65).
U astmiizazvanoj vjezbanjem, primjena nadopune vitami-
na C u dozi od 1 do 2 g/dan ima zastitni u¢inak kod nekih
bolesnika (66). lako studije nadopune vitamina C ukazuju
na kratkorocan zastitni uc¢inak na reaktivnost disnih pu-
tova i funkciju pluca, zastitni u¢inak vitamina C na razvoj
kroni¢ne astme tek je potrebno ustanoviti.

Nekoliko je studija ukazalo na blagotvornu povezanost
izmedu unosa voca i povrca i plu¢ne funkcije (67,68). For-
sirani izdisajni volumen u 1 sekundi kod ispitanika s uno-
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The role of vitamin C supplement in the prevention and
treatment of colds remains controversial despite many
controlled trials. Studies have shown that high doses of
vitamin C taken shortly after onset of a cold did not redu-
ce the duration or severity of cold symptoms in healthy
adults (55), but also highly decreased flu and cold sympto-
ms (56). Comparative analysis of thirty trials has shown a
modest benefit in reducing duration of cold symptoms
from high vitamin C intake (57). The preventive effects of
the supplementation seem to be limited mainly to sub-
jects with low dietary vitamin C intake, but therapeutic
effects may occur in wider population groups (58). High
dose prophylaxis could be notably justified in persons
exposed to brief periods of severe physical exercise and/
or cold environments. When subjects were under heavy
exertion during the trial, like military recruits, the vitamin
C protective effect in respiratory infections was highly em-
phasized (59). Recently, a randomized, controlled 5-year
trial suggested that vitamin C supplementation significan-
tly reduces the frequency of the common cold but had
no apparent effect on its duration or severity (60).

Most likely different study conditions provide explana-
tion why so many trials give such contradictory outco-
mes. Cold symptoms vary diurnally (61), and susceptibili-
ty to colds is also increased in smokers, while moderate
alcohol consumption is associated with decreased risk in
nonsmokers (62). Psychological stress is also associated in
a dose-response manner with an increased risk of acute
infectious respiratory illness generally (63). It seems that
vitamin C produces a greater benefit in cold duration
for children than for adults. The dose may also affect the
magnitude of the benefit, and there is on average greater
benefit from 2 g/day compared to 1 g/day of the vitamin
(64). The beneficial effect of vitamin C during a cold pro-
bably stems from its antioxidant properties. In an infec-
tion, phagocytic leukocytes become activated producing
oxidizing compounds that are released from the cells. By
reacting with these oxidants, vitamin C may decrease the
inflammatory effects that they produce (65).

Asthma and obstructive pulmonary disease

Asthma is primarily an inflammatory disease of the ai-
rways. Vitamin C plays an essential role in defending
against oxidant attack in the airways. Its deficiency in the
sputum of asthmatics may be either an underlying factor
in the pathophysiology of asthma or a response to asthma-
tic airway inflammation (65). In exercise-induced asthma,
the use of vitamin C supplementation at a dosage of 1 to
2 g per day has a protective effect in some patients (66).
Although studies of vitamin C supplementation suggest
a short-term protective effect on airway responsiveness
and pulmonary function, a protective effect of vitamin C
on the development of chronic asthma remains to be es-
tablished.
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som voca jednom tjedno ili viSe bio je oko 80-100 mL visi
nego u ispitanika s unosom vo¢a manjim od jednom tjed-
no. Povecanje unosa vitamina C od 100 mg dnevno tako-
der je povezano s pribliznim povecanjem od 10-50 mL for-
siranog izdisajnog volumena u 1 sekundi (69).

Kardiovaskularna bolest

Prehrambeni unos od 100 mg/dan vitamina C povezan je
sa smanjenom pojavnoscu ili smrtnosc¢u od sréanih boles-
ti, mozdanog udara ili karcinoma (7). U starijih se osoba
¢ini da je vitamin C povezan s kasnijim rizikom smrti od
mozdanog udara, ali ne i od koronarne bolesti (70). Moz-
dani udar, koronarna bolest te bolest perifernog krvozilja
imaju mnogo zajednickih ¢imbenika rizika, no neki su od
njih vazniji za pojedino kardiovaskularno oboljenje od
drugih. Visoka koncentracija fibrinogena u plazmi takoder
moZze biti vazna u svim tim stanjima (71). Povisene koncen-
tracije fibrinogena bioloski su uvjerljiv mehanizam kojim
bi akutna ili kroni¢na infekcija mogla povecati kardiovas-
kularni rizik. Vitamin C u dozi od 2 g/dan povecava fibrino-
liticku aktivnost i smanjuje adhezijski indeks trombocita
i kolesterol u serumu (72). Cest unos voca i povréa koji su
bogati vitaminom C takoder povecava aktivnost fibrinoli-
tickog sustava snizenjem aktivnosti inhibitora aktivatora
plazminogena (73). Varijacije vezane za godiSnja doba ka-
ko u disnim infekcijama tako i kardiovaskularnoj bolesti
pripisuju se snizenom vitaminu C te porastu koncentraci-
ja fibrinogena u serumu tijekom zime (74).

Ukupan kolesterol, LDL kolesterol i HDL kolesterol su me-
du glavnim ¢imbenicima rizika za kardiovaskularnu bole-
st (75). Nekoliko je studija izvijestilo o negativnoj korela-
ciji izmedu vitamina C u serumu i ukupnog kolesterola
(76,77), te pozitivnoj korelaciji izmedu serumskog vitami-
na CiHDL (78), barem medu Zzenama (79), iako ne sve stu-
dije (80). Cini se da je vitamin C uklju¢en u metabolizam
kolesterola na nekoliko nacina: smanjuje aktivnost 3-hi-
droksi-3-metilglutaril-koenzima A reduktaze i sinteze ko-
lesterola (81,82). Vitamin C takoder aktivira kolesterol-7o.-
hidroksilazu u $takora te katabolizam kolesterola u zu¢ne
kiseline (83).

Unos antioksidacijskih tvari prehranom moze zastititi od
koronarne bolesti jer se za oksidaciju lipoproteina pret-
postavlja da pospjesuje aterosklerozu (84,85). Pretpostav-
ka je da oksidirani LDL ima aterogeni potencijal zbog pe-
roksidacije lipida (86). Askorbat potpuno $titi lipide u plaz-
mi od mjerljivoga peroksidacijskog ostecenja izazvanog
vodenim peroksilnim radikalimaion je, zapravo, jedini an-
tioksidans u plazmi koji to moze udiniti (87). Vitamin C sti-
ti od oksidacije LDL posredovane neutrofilima najvjerojat-
nije zbog ¢is¢enja izvanstani¢nih oksidansa. On takoder
prijeci prooksidantske ucinke urata kod oksidacije LDL-a
(88). Nadalje, vitamin C bi mogao pomodi u sprjecavanju
ateroskleroze ja¢anjem stijenki arterija jer sudjeluje u sin-
tezi kolagena, kao i sprje¢avanjem nezeljene adhezije leu-
kocita na oStecene arterije (89).

Vitamin C in disease prevention and therapy

Several studies showed a beneficial association between
fruit and vegetable intake and lung function (67,68). The
forced expiratory volume in 1 second in subjects with the
intake of fruits once per week or more was about 80-100
mL higher than in subjects with the intake less than once
per week. A 100 mg increase in vitamin C intake per day is
also associated with an approximately 10-50 mL increase
in forced expiratory volume in 1 second (69).

Cardiovascular disease

Dietary intake of 100 mg/day of vitamin Cis associated wi-
th reduced incidence of, or mortality from heart diseases,
stroke and cancer (7). In elderly people, vitamin C seems
to be related to subsequent risk of death from stroke, but
not from coronary heart disease (70). Stroke, coronary
heart disease, and peripheral vascular disease have many
risk factors in common, yet somefactors are more impor-
tant for one cardiovascular disease than another. A high
plasma fibrinogen concentration may be equally importa-
ntin all these conditions (71). Increased concentrations of
fibrinogen provide a biologically persuasive mechanism
by which acute or chronic infection could increase cardio-
vascular risk. Vitamin C in 2 g/day dose increases fibrino-
lytic activity and decreases the platelet adhesive index
and serum cholesterol (72). Frequent intake of fruit and
vegetables, food rich in vitamin C, also increases activity
of the fibrinolytic system by lowering plasminogen activa-
tor inhibitor activity (73). Seasonal variations in both respi-
ratory infection and cardiovascular disease are attributed
to decrease in vitamin C and increase in fibrinogen serum
levels during the winter (74).

Total cholesterol, low-density-lipoprotein cholesterol
(LDL), and high-density lipoprotein cholesterol (HDL) are
among the major risk factors for cardiovascular disease
(75). Several studies reported negative correlation be-
tween serum vitamin C and total cholesterol (76,77), and
positive correlations between serum vitamin C and HDL
(78), at least among women (79), but not all studies (80).
It seems that vitamin Cis involved in cholesterol metaboli-
sm in several ways. It reduces 3-hydroxy-3-methylglutaryl
coenzyme A reductase activity and cholesterol synthesis
(81,82). It also activates cholesterol-7a-hydroxylase in ra-
ts, and the catabolism of cholesterol to bile acids (83).
Intake of antioxidant nutrients may protect against co-
ronary heart disease, because oxidation of lipoproteins
is hypothesized to promote atherosclerosis (84,85). It is
presumed that oxidized LDL has an atherogenic potential
due to lipid peroxidation (86). Ascorbate completely pro-
tects plasma lipids against detectable peroxidative dama-
ge induced by aqueous peroxyl radicals and it is the only
plasma antioxidant that can do so (87). Vitamin C protects
against neutrophil-mediated LDL oxidation, most likely
due to the scavenging of extracellular oxidants. It also pre-
vents pro-oxidant effects of urate in LDL oxidation (88).
Further, vitamin C could help prevent atherosclerosis by

Biochemia Medica 2006,16(2)89-228

115



DomitrovicR.

Vitamin C u prevenciji i lijecenju bolesti

Domitrovi¢R.

Kao snazan antioksidans, vitamin C ispravlja endotelnu
disfunkciju nastalu zbog pojac¢anog oksidacijskog stresa
time $to prijeci hiperoksi¢nu vazokonstrikciju (90). On ta-
koder poboljsava lipidima izazvano oStecenje vazodilata-
cije ovisne o endotelu (91). Eksperimentalne studije esen-
cijalne hipertenzije ukazuju na to da pojacano stvaranje
reaktivnih metabolita kisika moze imati ulogu u etiologi-
ji tog poremecaja (92). One takoder pokazuju da su povi-
Sene koncentracije vitamina C u serumu dosljedno i zna-
¢ajno povezane s nizim sistoli¢ckim i dijastolickim krvnim
tlakom u sredovje¢nim i starijim populacijama (93,94).
Ukazano je da je 500 mg vitamina C dnevno korisno za
nadzor krvnog tlaka u bolesnika s hipertenzijom (95). Me-
dutim, u dvostruko slijepoj, randomiziranoj kriznoj studi-
ji uz kontrolu placebom krvni tlak nije bio snizen nakon
nadopune 500 mg vitamina C dnevno tijekom 3 mjeseca,
premda su dnevne razine ambulantnoga sistolickoga kr-
vnog tlaka bile neznatno snizene (96).

Ne postoje konacni dokazi o zastitnom ucinku nadopune
vitamina C na kardiovaskularni rizik, premda podatci uka-
zuju na njegov blagotvoran ucinak. S druge strane, preh-
rana bogata vocem i povréem ima visok zastitni utjecaj
na aterosklerozu i koronarnu bolest (97,98).

Neurodegenerativni poremecaji

Oksidacijski stres moze imati izrazenu ulogu u neurode-
generativnim bolestima. Alzheimerova bolest je najces¢i
uzrok demencije povezane sa starenjem. Cini se da nado-
puna antioksidanasa moze odgoditi razvoj Alzheimerove
bolesti. Kombinacija nadopuna vitamina E i vitamina C po-
vezana je sa snizenom prevalencijom i pojavnosc¢u Alzhei-
merove bolesti (99). Vitamin Ci melatonin imaju blagotvo-
ran utjecaj na koncentracije lipidnih peroksida i aktivnost
antioksidacijskih enzima u modelu Alzheimerove bolesti,
ukazujudi time na njihovu mogucu uporabu u lijecenju neu-
rodegenerativnih bolesti (100). Vitamin C takoder pruza
zastitu od ostecenja pamcenja izazvanog skopolaminom i
dijazepamom u miseva. Osnovni mehanizam toga za pam-
¢enje obnavljaju¢eg djelovanja mogao bi se takoder pripi-
sati antioksidacijskom svojstvu tog vitamina C (101).

Karcinom

Antioksidacijske i op¢enite imunostimulacijske karakteris-
tike vitamina C mogle bi biti korisne za oboljele od karci-
noma, ukljucujudi i regresiju tumora te inhibiciju tumor-
skog rasta. Epidemioloske studije pokazuju da vitamin C
ima zastitni ucinak osobito kod zlo¢udnih tumora koji ne
ovise o hormonima (102). Eksperimentalne studije in vivo
i in vitro dale su, medutim, proturjecne rezultate ukazuju-
¢i na to da su udinci vitamina C ovisni o dozi, a mozda i
vremenu, uz razli¢ite uc¢inke ovisno o vrsti i prou¢avanom
organu ili vrsti karcinogene stanice (103).

Sedamdesetih godina 20. stolje¢a Pauling i Cameron pri-
mijenili su vitamin C u gramskim koli¢inama u lijecenju
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strengthening the artery walls through its participation in
the synthesis of collagen, and by preventing the undesirable
adhesion of white blood cells to damaged arteries (89).

As a powerful antioxidant, vitamin C reverses endothelial
dysfunction due to increased oxidative stress, preventing
hyperoxic vasoconstriction (90). It also improves lipid-in-
duced impairment of endothelium-dependent vasodila-
tion (91). Experimental studies of essential hypertension
suggest that increased production of reactive oxygen spe-
cies may play a role in the etiology (92). They also show that
higher serum levels of vitamin Care consistently and signifi-
cantly related to lower systolicand diastolic blood pressure
among middle-aged or elderly populations (93,94). It has
been suggested that 500 mg of vitamin C daily is useful for
blood pressure control in patients with hypertension (95).
However, in a double-blind, randomized, placebo-control-
led crossover study clinic blood pressure was not reduced
after supplementation with 500 mg vitamin C per day for
3 months, although daytime levels of ambulatory systolic
blood pressure were slightly reduced (96).

No conclusive evidence is available on the protective ef-
fect of vitamin C supplementation on cardiovascular risk,
although they implicate a beneficial effect. On the other ha-
nd, a diet rich in fruits and vegetables is highly protective
against atherosclerosis and coronary heart disease (97,98).

Neurodegenerative disorders

Oxidative stress may play a pronounced role in neurode-
generative diseases. Alzheimer’s disease is the most com-
mon cause of dementia associated with aging. It seems
that supplementation with antioxidants may delay the
development of Alzheimer’s disease. Combination of vita-
min E and vitamin C supplements is associated with redu-
ced prevalence and incidence of Alzheimer’s disease (99).
Vitamin C and melatonin have beneficial effect on lipid
peroxide levels and the activity of antioxidant enzymes in
a model of Alzheimer’s disease, suggesting their possible
use in the treatment of neurodegenerative diseases (100).
Vitamin C also provides protection against scopolamine-
and diazepam-induced impairment of memory in mice.
The underlying mechanism of memory-restorative action
could also be attributed to its antioxidant property (101).

Cancer

Antioxidant and general immunostimulant properties of
vitamin C could be beneficial to cancer patients, includi-
ng tumor regression, and the inhibition of tumor growth.
Epidemiological studies show that vitamin C has a pro-
tective effect against, in particular, non-hormone-depen-
dent malignancies (102). Experimental in vivo and in vitro
studies, however, yielded more controversial results, sug-
gesting that the effects of vitamin C are dose- and perhaps
time-dependent with different effects, depending on the
species and organ studied or cancer cell type (103).
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bolesnika u uznapredovaloj fazi karcinoma. Njihovi su
rezultati pokazali poboljsanje opéeg stanja ispitanika. Ve-
¢ina se bolesnika subjektivno osje¢ala mnogo bolje, sa
smanjenim napadajima bolova te uz produljeno trajanje
zivotnog vijeka (4). Premda je pokusno ispitivanje prove-
deno u Japanu dalo sli¢ne rezultate (104), znanstveni rad
iz ugledne Klinike Mayo nije ukazao na nikakav ucinak vi-
tamina C u lije¢enju karcinoma (105). Tijekom kasnijih su
godina, medutim, istrazivaci otkrili mogucu ulogu vitami-
na C u sprjecavanju karcinoma. Konzumacija namirnica
bogatih vitaminom C povezana je ne samo sa smanjenim
rizikom kardiovaskularne bolesti ve¢ i s mnogim vrstama
karcinoma, a moguce i neurodegenerativnih bolesti. Ipak,
opseg u kojem vitamin C doprinosi tim ucincima jos uvi-
jek nije jasan (106). Vjerojatnije je da je smanjenje rizika za
karcinom postignuto izmjenama u prehrani nego nado-
punom vitamina (107). Prehrana koja ukljucuje 200 mgq ili
vise vitamina C dnevno kroz 5 obroka voca i povréa pove-
zana je s nizim rizikom za karcinom, osobito karcinom us-
ne Supljine, jednjaka, Zeluca, debelog crijeva i pluca. lako
nekoliko razli¢itih ¢imbenika u vocu i povrcu vjerojatno
djeluje zajedno, epidemioloski i biokemijski podatci upu-
¢uju na vaznu ulogu vitamina C (108).

Nadopuna antioksidanasa povezana je sa smanjenim po-
stotkom stanica s kromosomskim aberacijama te s blagot-
vornim utjecajem u pusaca (109). Cini se da je u visokim
koncentracijama vitamin C toksi¢an za karcinogene stani-
ce in vitro (110,111). Takve se koncentracije mogu postici
u plazmi jedino intravenskom terapijom; stoga bi nega-
tivni rezultati zastite od karcinoma mogli potjecati od
primjene oralnog, a ne intravenskog vitamina C (11). Vr-
$na koncentracija u plazmi od 1 000 umol/L mozZe se pos-
ti¢i nakon intravenskog davanja 1,25 g vitamina C, dok se
oralnim dozama ne moze prijec¢i 100 pmol/L zbog ogra-
ni¢avaju¢eg mehanizma apsorpcije (112). Ovisno o dozi i
brzini infuzije, najnoviji podatci pokazuju da intravenski
postignute vrine koncentracije u plazmi mogu doseci 14
000 umol/L, dok koncentracije iznad 2 000 pumol/L mogu
biti prisutne nekoliko sati (113). U koncentracijama koje se
mogu postidi isklju¢ivo intravenskom primjenom vitamin
C moze djelovati kao pro-lijek za stvaranje vodikovog pe-
roksida i time uzrokovati smrt nekoliko ispitivanih vrsta
karcinogenih stanica, no ne i normalnih stanica (114). Za
prehranu s visokim udjelom voca i povréa, a time i vita-
mina C, utvrdeno je da je povezana s nizim rizikom kar-
cinoma usne Supljine, jednjaka, Zeluca, debelog crijeva i
pluca (115). Stvaranje nitrozamina, koje je povezano s kar-
cinomom Zeluca, moze se smanijiti primjenom vitamina C
(116). Vitamin C takoder izaziva apoptozu razli¢itih vrsta
karcinogenih stanica djelujuci kao prooksidans te pove-
¢avajudi razine unutarstani¢nih reaktivnih radikala kisika
(117,118). S druge strane, u nizim koncentracijama vitamin
C ocituje svojstvo antioksidansa sprjecavajudi spontanu
apoptozu ili apoptozu izazvanu stresom ili antitumorskim

Vitamin C in disease prevention and therapy

In the 1970s, Pauling and Cameron used vitamin C in
gram quantities in the treatment of patients with advan-
ced stage of cancer. Their results showed improvement
of general condition of tested subjects. Most of the pa-
tients subjectively felt much better, with reduced pain
seizures, and prolonged lifetime (4). Although an experi-
ment performed in Japan yielded similar results (104), a
report from the eminent Mayo Clinic showed no effect
of vitamin C in cancer treatment (105). However, in the
following years researchers revealed a possible role of
vitamin C in the cancer prevention. Consumption of foo-
ds rich in vitamin Cis associated not only with decreased
risk of cardiovascular disease, but also of many types of
cancer and possibly neurodegenerative diseases. Howe-
ver, the extent to which vitamin C contributes to these
effects is still uncertain (106). Reduction in cancer risk is
more likely to be achieved through dietary modification,
rather than through vitamin supplementation (107). Diets
with 200 mg or more of vitamin C per day, obtained from
five servings of fruits and vegetables, are associated with
lower cancer risk, especially for cancers of the oral cavity,
esophagus, stomach, colon and lung. Although several
different factors in fruits and vegetables probably act join-
tly, the epidemiological and biochemical evidence indica-
tes an important role for vitamin C (108).

Supplementation with antioxidants is associated with
a decrease in the percentage of cells with chromosome
aberrations, and with beneficial effect in smokers (109).
Vitamin C at high concentrations seems to be toxic to
cancer cells in vitro (110,111). These concentrations can
be achieved in plasma only by intravenous administra-
tion. Therefore, negative cancer protective results might
originate from the use of oral rather than intravenous
vitamin C (11). Following the administration of 1.25 g in-
travenously, a peak plasma level of 1,000 pmol/L could be
reached, although 100 umol/L could not be exceeded by
oral dosing due to limiting absorptive mechanism (112).
Most recent data show that, depending on the dose and
infusion rate, peak plasma concentrations obtained intra-
venously can reach 14,000 pmol/L, and concentrations
above 2,000 umol/L may persist for several hours (113). Vi-
tamin C, in concentrations which can be achieved only by
intravenous administration, may act as a pro-drug for the
formation of hydrogen peroxide, causing death of several
studied cancer cell types but no normal cells (114). Diets
high in fruit and vegetables, and hence high in vitamin C,
have been found to be associated with lower risk for can-
cers of the oral cavity, esophagus, stomach, colon, and
lung (115). Formation of nitrosamines, which is associated
with gastric cancer, can be decreased by administration
of vitamin C (116). Vitamin C also induces the apoptosis
of various cancer cell types by acting as a pro-oxidant
and increasing intracellular reactive oxygen species le-
vels (117,118). On the other hand, at lower concentrations
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agensom (116). Nadalje, vitamin C moze izazvati prolazni
zastoj stani¢nog ciklusa. Vitamin C inhibira sintezu DNA
u stanicama Hela (adenokarcinoma ljudskog cerviksa),
odgadajuci ulazak p53-deficijentnih sinkroniziranih He-
La i karcinogenih stanica T98G (multiformnih stanica ljud-
skog glioblastoma) u mitozu (119). Esteri askorbinske kise-
line privukli su znatan interes kao antikarcinogeni spojevi
zbog njihove lipofilne naravi koja im omogucuje prijelaz
kroz stani¢cne membrane i krvno-mozdanu branu. Askor-
bilni stearat inhibira proliferaciju stanica interferirajuci sa
stani¢nim ciklusom te izaziva apoptozu modulacijom izra-
zaja receptora inzulinu sli¢nog ¢imbenika rasta u T98G te
stanica karcinoma gusterace (120,121).

Trenutni dokazi upucuju na to da sam vitamin C ne mora
biti dovoljno ucinkovit u lije¢enju najaktivnijih karcinoma.
Vitamin C, medutim, poboljsava kvalitetu zivota i produ-
ljuje zivotni vijek oboljelih od karcinoma, $to predstavlja
dovoljne razloge da ga se uzme u obzir kao nadopunu u
terapiji karcinoma (122).

Secerna bolest

Secerna bolest je jos jedna bolest koja je povezana s po-
vecanim stvaranjem reaktivnih radikala kisika te smanje-
nom obranom od antioksidanasa. Te pojave dovode do
oksidacijskog stresa koji je djelomice odgovoran za kom-
plikacije u Secernoj bolesti (123). Status vitamina C ovisi
o medudjelovanju unosa prehranom, koncentracijama in-
zulina u plazmi, te glikemiji. Inzulin promice aktivni stanic-
ni unos vitamina C, dok hiperglikemija inhibira bubreznu
reapsorpciju vitamina C. Oksidacijski stres je uobicajeni
patogenetski ¢imbenik dijabeticke nefropatije. Kako se
DHA i glukoza natjecu za transportere glukoze, hipergli-
kemija rezultira otpustanjem vitamina C iz tubularnih epi-
telnih stanica i snizenim antioksidacijskim kapacitetom
(124). Hiperglikemija i oksidacijski stres su odgovorni za
endotelnu disfunkciju u dijabetickih bolesnika. Intraarte-
rijska infuzija vitamina C poboljSava vazodilataciju ovisnu
o endotelu u bolesnika bilo s tipom 1 ili tipom 2 3ecerne
bolesti (125,126). S druge strane, visoka oralna doza vita-
mina C ne mozZe iznova nadopuniti razine vitamina Ci po-
boljsati endotelnu disfunkciju (127). Niske unutarstani¢ne
koncentracije vitamina C u osoba s hiperglikemijom i s nis-
kim razinama vitamina C u plazmi mogu biti odgovorne
za povisene razine ostecenja DNA u takvih bolesnika. Sto-
ga bi nedovoljno kontrolirani dijabeticki ispitanici mogli
imati koristi od pove¢anog unosa vitamina C kroz prehra-
nu (128).

Katarakta

Vitamin C koji je naden u visokim koncentracijama u leci
oka moze biti znacajan za sprjeCavanje sive mrene (kata-
rakte) u starijoj populaciji (129). Premda se oksidacijsko
ostecenje u le¢i moze sprijeciti vitaminom C, ukazano je
ujedno i na prooksidacijski ucinak tog vitamina kroz stva-
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vitamin C displays antioxidant property, preventing spon-
taneous and stress- or antitumor agent-induced apoptosis
(116). Furthermore, vitamin C can induce transient cell cycle
arrest. Vitamin C inhibits DNA synthesis in HelLa (human
cervix adenocarcinoma) cells, delaying the entry of p53-de-
ficient synchronized Hela and T98G (human glioblastoma
multiform) cancer cells into mitosis (119). Fatty acid esters
of ascorbic acid have attracted considerable interest as an-
ticancer compounds due to their lipophilic nature which
enables their crossing through cell membranes and blood-
brain barrier. Ascorbyl stearate inhibits cell proliferation by
interfering with cell cycle and induces apoptosis by modu-
lation of insulin-like growth factor 1-receptor expression in
T98G and pancreatic cancer cells (120,121).

Current evidence suggests that vitamin C alone may not
be effective enough in the treatment of most active can-
cers. However, vitamin C improves the quality of life and
extends longevity in cancer patients, which are the reaso-
ns why it should be considered as a supplement in cancer
therapy (122).

Diabetes mellitus

Diabetes mellitus is another disease associated with an
increased production of reactive oxygen species and a
reduction in antioxidant defenses. This leads to oxidative
stress, which is partially responsible for diabetic complica-
tions (123). Vitamin C status depends on the interactions
of dietary intake, plasma insulin concentrations and glyce-
mia. Insulin promotes the active cellular uptake of vitamin
C, whereas hyperglycemiainhibits renal vitamin C reabsor-
ption. Oxidative stress is a common pathogenetic factor
of diabetic nephropathy. Since DHA and glucose compete
for glucose transporters, hyperglycemia discharges vita-
min C from tubular epithelial cells, resulting in decreased
antioxidant capacity (124). Hyperglycemia and oxidative
stress are responsible for endothelial dysfunction in dia-
betic patients. Intraarterial infusion of vitamin Cimproves
endothelium-dependent vasodilation in patients with
either type 1 or type 2 diabetes (125,126). On the other
hand, oral high dose of vitamin C could not replenish vi-
tamin C levels and improve endothelial dysfunction (127).
Low intracellular levels of vitamin Cin individuals with bo-
th hyperglycemia and low plasma levels of vitamin C may
be responsible for the increased levels of DNA damage in
such patients. Thus, poorly controlled diabetic subjects
might benefit from increased dietary vitamin C (128).

Cataract

Vitamin C, found in high concentrations in the lens, may
be of importance for the prevention of cataract in older
population (129). Although oxidative damage in the lens
can be prevented by vitamin C, a pro-oxidant effect of vi-
tamin C through hydrogen peroxide generation has also
been suggested. On the other hand, vitamin C could play
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ranje vodikovog peroksida. S druge strane, vitamin C bi
mogao imati ulogu u glikaciji proteina koja je zapazena u
stvaranju katarakte (130,131). Ozracenje in vitro starih ljud-
skih le¢a s UVA u prisutnosti vitamina C uzrokuje znatno
razaranje kromofora u vidljivom i UV podrucju, sto je mo-
guce povezati s glikacijskim produktima proteina u fibroz-
nim stanicama leca (132). Premda vecina epidemioloskih
podataka ukazuje na Cinjenicu da je razborito konzumira-
ti hranu s visokim udjelom vitamina C, vitamina E te karo-
tenoida kao osiguranja protiv razvoja katarakte (133), za
sada jo$ nije moguce zakljuciti da antioksidansi iz prehra-
ne imaju ulogu u sprjecavanju te bolesti.

Nepovoljni ucinci te upozorenja

Nadopune vitamina C opcenito se dobro podnose. Viso-
ke doze, medutim, mogu uzrokovati nadrazenost zeluca,
mucninu, povracanje, pospanost, glavobolje ili osip. Ne-
povoljne se reakcije rijetko, ako ikada, zapazaju ako se na-
dopuna uzima prema utvrdenim smjernicama. Treba nag-
pojedinaca u opcoj populaciji, nisu namijenjene za najos-
jetljivije osobe u osjetljivim subpopulacijama (134). Opce-
nito je potreban oprez kod visokog unosa nadopune, kao
i vitamina C, kod takvih osoba. Tako, primjerice, jednostru-
ka doza vitamina C od 6 g izaziva hemolizu u bolesnika s
nedostatkom glukoza-6-fosfat-dehidrogenaze.

Vitamin C je prepoznat kao pojacivac crijevne apsorpcije
anorganskog Zeljeza iz hrane time $to ga reducira ili prije-
¢i njegovu kelaciju fitatima ili drugim ligandima iz hrane
(136). Nije, medutim, vjerojatno da vitamin C izaziva pret-
jeranu apsorpciju Zeljeza u zdravih osoba (137). Premda
postoji odredena zabrinutost da osobe koje boluju od he-
mokromatoze (sklonost preopterecenju Zeljezom) mogu
biti osjetljive na visoke doze vitamina C, ¢ini se da je vita-
min C potpuno siguran ¢ak i u dnevnim koli¢inama od 10
gilivise (138,139).

Prijeporan je doprinos askorbata stvaranju oksalata kod
bubreznih kamenaca. Kako je oksalat kataboli¢ki produkt
vitamina C, odredena se zabrinutost pojavila u vezi s izlu-
¢ivanjem oksalata. S obzirom da su gastrointestinalna ap-
sorpcija kao i bubrezna tubularna reapsorpcija vitamina C
procesi koji su karakterizirani zasi¢enjem, a metabolicka
pretvorba u oksalat je takoder ogranicena, vitamin C ne
bi trebao povecati rizik kalcijevog oksalata u bubreznim
kamencima (140). Stoga u zdravih osoba nije utvrdena po-
vezanost izmedu visokog unosa vitamina C i povisenog
izluc¢ivanja oksalata mokra¢om (141) ili rizika za stvaranje
kamenca (142). Neki su, medutim, nalazi ukazali da kolici-
na manja od 1 g dnevno predstavlja siguran unos vitami-
na C (8). U nekih osoba metaboli¢ka konverzija askorbata
u oksalat mozZe prouzrociti relativnu hiperoksaluriju, kao i
kristaluriju koja se ocituje kao hematurija (143). Pojac¢ano
izluc¢ivanje oksalata mokracom nakon intravenske primje-
ne vitamina C u osjetljivih pojedinaca stvara predispozici-
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a role in protein glycation, which is observed in cataract
formation (130,131). In vitro irradiation of aged human len-
ses with UVA in the presence of vitamin C causes extensi-
ve destruction of their chromophores in the UV and visib-
le region, which could be related to glycation products of
proteins in lens fiber cells (132). Although most epidemio-
logical evidence suggests that it is prudent to consume
diets high in vitamin C, vitamin E and carotenoids as insu-
rance against the development of cataract (133), it is not
yet possible to conclude that antioxidant nutrients have a
role in prevention of cataract.

Adverse effects and cautions

Vitamin C supplements are generally well tolerated.
However, high doses may cause stomach irritation, nau-
sea, vomiting, drowsiness, headaches or rash? Adverse
reactions are rarely, if ever, seen when the nutrient is con-
sumed according to established guidelines. It should be
emphasized that UL values, which are designed to protect
the most sensitive individuals in the general population,
are not intended to apply to the most sensitive persons
in sensitive subpopulations (134). There should be a cau-
tion with a high supplement intake generally, as well as
vitamin C, in these individuals. Thus, single 6 g dose of
vitamin C induces hemolysis in patients with glucose-6-
phosphate dehydrogenase deficiency (135).

Vitamin C has been recognized as the enhancer of the
intestinal absorption of dietary inorganic iron, either by
reducing it or preventing its chelation by phytates or
other food ligands (136). However, it seems unlikely that
vitamin C induces iron overabsorption in healthy people
(137). Although there has been some concern that people
suffering from hemochromatosis (a tendency to iron over-
load) may be sensitive to high dosages of vitamin C, it see-
ms that vitamin C is entirely safe, even in daily quantities
of 10 g or more (138,139).

The contribution of ascorbate to oxalate kidney stone
formation is controversial. Since oxalate is a vitamin C
catabolitic product, certain concern has been raised for
oxalate excretion. Since gastrointestinal absorption as we-
[l as renal tubular reabsorption of vitamin C are saturable
processes and the metabolic transformation to oxalate is
limited as well, vitamin C should not increase the risk of
calcium oxalate kidney stones (140). Thus, an association
between high vitamin C intake and increased urinary
oxalate excretion (141) or the risk of stone formation (142)
has not been found in healthy adults. However, some fin-
dings suggested safe vitamin C intake to be less than 1
g daily (8). In some individuals, metabolic conversion of
ascorbate to oxalate can cause relative hyperoxaluria and
crystalluria, the latter manifesting as hematuria (143). In-
creased urinary oxalate excretion by intravenous vitamin
C administration predisposes susceptible individuals
to nephrolithiasis (144). The ingestion of high vitamin C

Biochemia Medica 2006,16(2)89-228

119



DomitrovicR.

Vitamin C u prevenciji i lijecenju bolesti

Domitrovi¢R.

ju za nefrolitijazu (144). Ingestija visokih doza vitamina C
trebala bi biti kontraindicirana u slu¢ajevima bubrezne in-
suficijencije, hemodijaliziranih bolesnika, te osoba s oksa-
latnim kamencima (145).

Podatci o ucinku vitamina C na izlucivanje urata takoder
su proturjecni. U nekoliko je studija utvrdeno poviseno iz-
lu¢ivanje urata nakon duljega visokog unosa vitamina C
prehranom (5,146), no ne u svima (147,148). Moguci uzro-
ci proturjecnih rezultata su nedostatak postojanog stanja
vitamina C, razlike u plazmatskim koncentracijama, ili tra-
janje primjene vitamina C. Medutim, u svim je studijama
hiperurikozurija bila odsutna kod doza vitamina C nizih
od 1 g/dan.

Visok unos vitamina C prehranom takoder moze utjeca-
ti na odredene laboratorijske dijagnosticke pretrage ta-
ko $to stvara lazno pozitivne rezultate pretraga glukoze
u mokradi, razina proteina u cerebrospinalnoj tekudini i
mokradi, kao i lazno negativnih rezultata u pretragama bi-
lirubina u mokradi. Vitamin C takoder smanjuje vrijednos-
ti bilirubina, kolesterola, kreatinina i triglicerida u serumu
(145).

Neki su, pak, stetni ucinci pogresno pripisani vitaminu C,
uklju€ujuci hipoglikemiju, ponovljeni skorbut, neplodno-
st, mutagenezu, te razaranje vitamina B , (8).

Interakcije s lijekovima

Cini se da su interakcije izmedu lijekova i visokih doza vi-
tamina C vrlo rijetke. U nekoliko se proturje¢nih studija
navodi uc¢inak vitamina C na sniZeni antikoagulacijski od-
govor na varfarin ili dikumarol (149). Visoke doze vitami-
na C takoder mogu sniziti stabilne koncentracije u plazmi
indinavira koji je inhibitor proteaze indiciran za lije¢enje
virusa ljudske imunodeficijencije tipa 1 (150). S druge stra-
ne, vitamin C moZe poboljsati apsorpciju levodope u stari-
jih bolesnika s Parkinsonovom bolesc¢u i slabom bioraspo-
loZivoscu levodope (151). Visok unos vitamina C takoder
moze interferirati s drugim lijekovima, sto je tek potrebno
utvrditi. Osim toga, dijareja koju uzrokuju visoke oralne
doze vitamina C opcenito mozZe smanijiti crijevnu apsor-

pciju.

Zakljucci

Vitamin C daje pozitivne rezultate kod lijeCenja mnogih
zdravstvenih stanja, a djeluje ponajprije kao antioksidans
(Tablica 1). Na temelju novijih dokaza opravdano je promi-
cati prehranu bogatu vitaminom C radi sprjecavanja kar-
diovaskularne bolesti i karcinoma. Nadopune vitamina
C su blagotvorne u cijeljenju rana te smanjuju pojavno-
st prehlade ponajprije u osoba izloZenih tezem fizickom
stresu. Takoder je ucinkovit u sprje¢avanju peroksidacije
lipida u plazmi te snizavanju vrijednosti fibrinogena i ko-
lesterola u serumu kao rizi¢nih ¢imbenika za kardiovasku-
larnu bolest. Medutim, neki se povoljni u¢inci mogu posti-
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doses should be contraindicated in cases of renal insuffi-
ciency, hemodialysed patients, and oxalate stoneformers
(145).

Data concerning the effect of vitamin C on urate excre-
tion are also contradictory. Several studies have found
elevated urate excretion after prolonged high dietary vi-
tamin Cintake (5,146), but not all (147,148). The conflicting
findings may be due to lack of steady-state for vitamin C,
differences in plasma concentrations, or duration of vita-
min C administration. However, in all reports hyperurico-
suria was absent at vitamin C doses less than 1 g/day.
High dietary vitamin C intake can also affect certain labo-
ratory diagnostic tests, producing false positive readings
in urine glucose tests, protein levels in cerebrospinal fluid
and urine, as well as false negative readings in urine bili-
rubin tests. It also decreases serum bilirubin, cholesterol,
creatinine, and triglyceride values (145).

Some harmful effects have been mistakenly attributed to
vitamin C, including hypoglycemia, rebound scurvy, infer-
tility, mutagenesis, and destruction of vitamin B, (8).

Interaction with drugs

Drug interactions with vitamin C high doses seem to be
very rare. There are some conflicting reports about the
effect of vitamin C on decreased anticoagulation respon-
se to warfarin or dicoumarol (149). High doses of vitamin
C also can reduce steady-state plasma concentrations of
indinavir, a protease inhibitor indicated for treatment of
the human immunodeficiency virus type 1 (150). On the
other hand, vitamin C can improve levodopa absorption
in elderly patients with Parkinson disease and with poor
levodopa bioavailability (151). High vitamin C intake could
alsointerfere with other drugs, which remains to be estab-
lished. In addition, diarrhea caused by large oral vitamin
C doses can reduce the intestinal absorption generally.

Conclusions

Vitamin C achieves positive results in numerous health
conditions, acting primarily as an antioxidant (Table 1). On
the basis of current evidence, it is justified to promote die-
ts rich in vitamin C for the prevention against cardiovascu-
lar disease and cancer. Vitamin C supplements are benefi-
cial in wound healing, reducing the incidence of common
cold primarily in heavily physically stressed persons. It is
also effective in preventing plasma lipid peroxidation,
and decreasing serum fibrinogen and cholesterol values
as risk factors for cardiovascular disease. Howeverer, so-
me positive effects could be achieved only by intraarte-
rial or intravenous administration of vitamin C, such as in
patients with diabetes melitus and some types of cancer.
The evidence from observational studies also suggests a
role of vitamin C in asthma and obstructive pulmonary di-
sease, although causality of the association has not been
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¢iiskljucivo intraarterijskom ili intravenskom terapijom vi-
taminom C, primjerice u bolesnika sa Se¢ernom bolescu i
nekim vrstama karcinoma. Dokazi iz opservacijskih studija
takoder ukazuju na ulogu vitamina C u astmi i opstrukcij-
skoj bolesti pluéa, iako uzroénost te veze nije potvrdena.
Unato¢ proturje¢nim izvje$¢ima, prevladavajuce misljenje
na temelju opsirne literature jest da nepovoljni ucinci na
zdravlje nisu u zdravih osoba izazvani ingestijom visokih
doza vitamina C. Oprez je, medutim, potreban kod osoba
s nekim specificnim metabolickim poremecajima.

TaBLicA 1. Ucinci vitamina C u raznim zdravstvenim stanjima

Vitamin C in disease prevention and therapy

confirmed. Despite contradictory reports, the consensus
from extensive literature is that adverse health effects are
not induced in healthy persons by ingesting high doses
of vitamin C. However, there should be a caution in perso-
ns with some specific metabolic disorders.

TaBLE 1. The effect of vitamin C in various health conditions

Health condition

Type of research

Effect of vitamin C

Cigarette smoking

Controlled clinical trial; single oral dose (2 g)

Restores impaired coronary flow
velocity reserve (40)

Wound healing

Controlled clinical trials; oral supplementation (0.5-3 g)

Accelerated wound healing (42)

Common cold

Double blind, controlled trials; oral supplementation
in various doses

Double-blind, randomized controlled trial; oral
supplementation (0.5 g/day)

Under heavy exertion the protective effect
in respiratory infections was highly
emphasized (59)

Reduces the frequency of the common
cold with no effect on its duration or seve-
rity (60)

Asthma

Double-blind, controlled trial; single oral dose (2 g)

Protective effect on airway hyperreactivity
in some patients with exercise-induced
asthma (66)

Cardiovascular
disease

Controled clinical trial; oral supplementation (2 g/day)
Observational study within elderly population

Double-blind, randomized, controlled, 2-way cross
over trial; intraarterial administration (24 mg/min for
110 min)

In vitro study; various concentrations added to human
plasma

Increased fibrinolytic activity in patients
with coronary artery disease (72)

Negative correlation between serum
vitamin C and total cholesterol (75)
Improves lipid-induced impairment of
endothelium-dependent vasodilation (88)

Completely protects human plasma from
lipid peroxidation (90)

Neurodegenerative
disorders

Cross-sectional and prospective study; vitamin C and
vitamin E supplementation

Mouse behavioral models; intraperitoneal injection
(60 and 120 mq)

Reduced prevalence and incidence of
Alzheimer disease in elderly population (99)
Memory-restorative action, particularly in
aged mice (101)

Cancer

In vitro study; dose concentration studies and
pharmacokinetic modeling
In vitro human lymphoma cell study

Case-control prospective study

In vitro B16 murine melanoma cell study

Toxicity to various cancer cells (111)

Action as a pro-drug to deliver hydrogen
peroxide to tissues (114)

Inverse association of gastric cancer risk
with high levels of plasma vitamin C (116)
Induces the apoptosis in melanoma

cells (118)

Diabetes mellitus

Controlled trial; intraarterial infusion (< 1 g)

Improves endothelium-dependent
vasodilation (125)

Cataract

Probability survey of Americans

Importance for the prevention of cataract
among older Americans (129)
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Bududi pravci

Podatci u ovom preglednom ¢lanku pruzaju solidnu osno-
vu za daljnje istrazivanje, odnosno za kako klinicka, tako
i eksperimentalna ispitivanja. Oralnom se nadopunom
vitamina C ne mogu osigurati tako visoke koncentracije
u plazmi kao parenteralnom terapijom. Stoga je potreb-
no provesti daljnja istrazivanja vitamina C, posebice kao
agensa u lijecenju karcinoma, kao i klinicku studiju sigur-
nosti i djelotvornosti intravenske terapije vitaminom C ka-
ko bi se potvrdila preko tri desetljeca stara zamisao Linu-
sa Paulinga.
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Future directions

The evidence in this review provides a substantial basis
for further research, both clinical and experimental trials.
Oral supplementation of vitamin C cannot yield plasma
concentrations as high as parenteral administration. The-
refore, further research into vitamin C, particularly as a
treatment agent for cancer, as well as clinical study of sa-
fety and efficacy of intravenous administration of vitamin
C, should be performed to confirm over three decades
old Linus Pauling’s idea.
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