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The briefoverview offree radicals and
antioxidants included below can not be
considered comprehensive but should
provide sufficient information for a
practitioner to explain some ofthe issues
involved to her/his patient.

A  rem inde r :  The  p ress  re lease
distributed by the UK Food Standards
Agency (FSA) subsequent to the release
of the EVM report stated that:2
. Chromium inthe formofchromium

picolinate may have the potentiai to
cause cancer; consumers are advised
not to take chromium in this form.
The FSA has consulted on a propo-
sa1 to ban its use in the manufacture
of food supplements. Havrng l0mg/
day or less in total of chromium in
other forms is unlikely to cause any
harm.

, Levels of vitamin C above 1000mg/
day could cause abdominal pain and
diarhoea. Similarly, high intakes of
calcium (above 1500mg/day) and
iron (above lTmglday) may result in
similar symptoms in some people.
These symptoms should disappear
once  peop le  s top  tak ing  the
supplements.

. There are some substances that may
have irreversible harmful effects if
taken for long periods at the highest

supplemental doses. These include
be ta -ca ro tene  (espec ia l l y  t o r
smoke rs  and  those  exposed  to
asbes tos ) ,  n i co t i n i c  ac id ,  z i nc ,
manganese (especia l ly  for  o lder
people) and phosphorus.

. Current advice on vitamin 86 is
being re-emphasised. The Agency
advises against taking more than
l0mg /day  o f  v i t am in  B6  f rom
dietary supplements unless acting on
medical advice. High intakes taken
over a long period of time can lead
to paraesthesiae.

SPECIFIC

CONSIDERATIONS

Tables I and II have been constructed
from the EVM report. Where appli-
cable the proposed new Recommended
Dietary Allowances (RDAs) under the
apparent ly  yet  to  be promulgated
Regulations have been included,r and
compared to the 'o ld '  va lues.a The
EVM upper level  guidel ine is  a lso
incotporated or where these have been
specified, the 'safe upper level ' . I Accor-
ding to the EVM, 'the determination of
Safe Upper Levels (SULs) or Guidance
Levels entails the determination of

doses of vitamins and minerals [for a
60 kg adultl that potentially susceptible
individuals could take daily on a life-
long basis, without medical supervision
in reasonable safety. The setting of
these levc ls  prov ides a f ramework
within which the consumcr can make an
informed decision about intake, having
confidence that harm should not ensue.'1
A comparison between the amounts
suggested by the EVM, and the alnounts
contained in a selection ofthe products
available in South Africa could form the
basis ofa very useful research project.

Note that germanium is considered
too toxic to be included in supplements
and has been withdrawn from the UK
supplements market .  At  least  one
p roduc t  con ta in ing  ge rman ium n  as
traced in South Afiica by the author.s
There is no indication whether or not
this is 'organic' or 'inorganic' gemra-
nium. as 'organic germanium present  in

food does not appear to be associated
lv i th  any adverse ef fects ' .  '  (my
emphasis) This product also contains
strontium. which is not even considered
in the EVM report. Vanadium is not an
essential trace element, yet it is included
in another South African product, with
the claim that it aids the imbalance in
glucose metabol ism in hyperact ive
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Substance Interactionr Adverse Effectst Proposed
RDAT

'old'

RDA4
EVM'

Boron Calcium acute lethal dose (boric acid) 3000-
6000 mg forinfants; 15000-20000
mg in adults; initabil ity. seizures,
gastrointestinal disturbances,
possible decrease in sperm quality

None
specified

None
specified

SUL*:
9.6 mg

Chromiumf
(trivalent)

[hexavalent form
not
recommended]

Iron affects
transferrin binding,
impairs metabolism
and storage

Acute: death by cardiogenic and renal
shock, pancreatitis, haemorrhage and
gut mucosal necrosis.
C hronic : reversible anaemia, haemo-
lysis and liver and renal dysfunction

None
specified

None
specified

GULT:
10 mg

Cobalt$ Alcohol - can lead to
cardiomyopathy,
Iodine - uptake
reduced

Acute: gastrointestinal upset, skin
rashes, hot flushes;
Chronic: effects on the heart. thvroid
and possibly kidney

Not recom-
mended

Not recom-
mended

GULt:
0.25 mg

Copper Zinc. lron. Vitamin C intravascular haemolysis, acute
hepatic failure, acute tubular renal
failure, shock, coma or death if >100g
ingested
A cut e: saliv ation, epigastric pain,
nausea, vomiting, diarrhoea

fWilson's Disease]

Not
specified

Not
specihed

SUL*:
l0 mg

Germaniumfl
(not an essential
trace element)

Silicon, loop diuretics,
inhibits activities of
lactate and alcohol

dehydrogenase,
inhibits detoxication
enzyme glutathione-
S-transferase

Cumulative: initial anorexia, weight
loss, fatigue and muscle weakness;
followed by irreversible renal damage,
dysfunction and failure which can be
fatal; peripheral neuropathy

Not recom-
mended

Not recom-
mended

Not
recom-
mended

lodine Selenium, possibly
vanadium

A cute: gastrointestinal disturbance
(vomiting and diarrhoea), metabolic
acidosis, seizure, sfupor, delirium and
collapse. Sensitivity reactions: iodide
mumps, iododerma, iodide fever
Chronic: disruption in thlroid function

0.15  mg 0.15 mg GULI:
0.5 mg

Manganese Iron, fibre, phytate,
calcium, phosphorus,
magnesium, possibly
alcohol

Cumulative:'Manganism' - a
Parkinson's disease-like neurotoxic
condition; possible muscle pain,
fatigue, tremor, memory problems
and imoaired reflexes.

Not
specified

Not
specified

GULf:
4mg

Molybdenum Copper, sulphates diarrhoea, anaemia, increased uric
acid, occupational pneumoconiosis

Not
specified

Not
specified

No SUL*
or GUL1
can be
deter-
mined

Nickel Iron, possibly
magnesium

Acute: gastrointestinal disturbances
(due to sensitivity?), visual
disturbance, headache, dizziness,
wheezing, cough
C hro nic inhalation associated with
lung cancer

Not
specified

Not
specified

No SUL*
or GULI
can be
deter-
mined.
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Substance lnteractionr Adverse Effectst Proposed
RDA3

'old'

RDA4
EVM'

Selenium Iodine, other metals,
ascorbic acid,
metabolism and
toxicities of some
'xenobiotics'x *Jf

Acute: hypersalivation, emesis, garlic
aroma on the breath, gastrointestinal
effects, hair loss, neurological distur-
bance, tachycardia, fatigue
Chronic:'selenosis', changes to hair

and nails, skin lesions, peripheral
hypo-aesthesia, tingling in hands
and feet (acro-parasthaesiae), pain,
hyperrefl exia; numbness, convul-
sions, paralysis
Selenium sulphide is  carc inogenic.
Cumulative toxicity occurs

0.055 mg Not
specified

SUL*:
0.45 mg

Tin (not an
essential trace
element) ff

Zinc (possibly
selenium)

A c ute : gastrointestinal effects,
headache, chil ls

Not
specified

Not
specified

GULf:
1  I  m o + *

Vanadium (not a
proven essential
trace element)

Iron? by inhalation - diverse toxic effects
on respiratory digestive, central
nervous systems, kidney, skin; oral
-abdominal cramps, loose stools,
'green tongue'; fatigue, lethargy

Not
specified

Not
specified

No SUL*
or GULI
can be
deter-
mined.

Zinc Coppeq iron,
magnesium, calcium,
fluoroquinolone
antibiotics

Acute: abd,ominal pain, nausea, vomit-
ing, lethargy, anaemia and dizziness
Chronic: secondary deficiency of
copper causing hypocupraemia,
impaired iron mobilisation, anaemia,
leukopaenia, neutropaenia, decreased
superoxide dismutase (SOD) (parti-
cularly erythrocyte SOD), decreased
caeruloplasmin, decreased cyto-
chrome C oxidase, increased plasma
cholesterol, increased LDL:HDL
cholesterol, decreased glucose clear-
ance, decreased methionine and leu-
cine enkephalins, abnormal cardiac
function, impairment amylase and
lipase
Possibly atherogenic in excess.
HbAlc is increased in conditions of
zinc excess

l5  mg l5  mg SUL*:
? 5  m o

+SUL: Safe Upper Level for daily supplementary intake in a 60kg adult over a lifetime
fGUL: the daily supplementary intake that would not be expected to be associated with adverse effects in a 60kg adult
over a lifetime

{excluding chromium picolinate which is not recommended by the FSA'] until further safety data are available
$cobalt is an integral parl of Vitamin Bl2 - 'eyanocobalamin'

flno added inorganic germanium is recommended
**xenobiotics : medicinal drugs, agricultural chemicals, industrial chemicals, environmental contaminants and other
exogenous substancesr 1

fiwhen present in food, usually a contaminant

ItU.K. regulatory limit of 200 mg/kg for the concentration of tin in foodstuffs

i
I
l
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children.6 (A cynic must surely wonder
whether potentially toxic vanadium is
considered preferable to methyl -
phenidate [Ritalin@] by the parents [and
teachersl of children afflicted with this
problem.) ,

FREE RADICALS AND

ANTIOXIDANTS

One of the reasons the widespread use
of 'dietary' and'nutrit ional' supple-

ments has flourished, is because of fear-
based, parlially true, information about
free radicals and their dangers. The
widely recommended 'antidote' is to
ingest antioxidants usually in the form
of quite expensive dietary supplements
(because  ou r  'mode rn  day  d ie t '
supposedly does not provide all our
nutritional needs).

Note that a free radical could be any
molecule with an unpaired electron, thus
makins it unstable. Free radicals are

constantly being formed (and neutra-
lised!) through the normal processes of
metabolism and excretion. It is when
the production of free radicals becomes
excessive that the potential for cellular
(oxidative) damage is enhanced. This
is also referred to as 'oxidative stress'
or 'oxidative injury'. The half life of a
free radical can be ofthe order of 10'
seconds.T References in the lay press
to 'the accumulation of free radicals',
and /o r  ' i nc reas ins  l eve l s '  o f  f r ee

Substance Interactiont Adverse Effects' Proposed
RDA2

,old'

RDA3

EVMI

Calcium Phytic acid, iron,
zinc, aluminium:phos-
phorus complexes
(antacids)

progressive lethargy, confusion, coma,
headache, elevated cerebrospinal
fluid protein, convulsions, milk alkali
syndrome, abdominal pain, hyper-
tension, tissue calcification, impaired
renal function, irreversible renal calci-
fication when excess calcium, hyper-
phosphataemia and metabolic alkalosis

1 1 0 0  m g 800 mg GUL*:
1500 mg

Iron copper, manganese,
zinc, chromium,
calcium

Systemic: Liver damage, metabolic
acidosis, coagulopathies and cardio-
vascular collapse
Local: gastrrc or oesophageal ulcera-
tion, gastrointestinal effects, especially
constipation
C h ron i c'. haemochromatosis,
Iron may act as a catalyst in the initia-
tion of free radical-mediated reactions

1 4mg 1 4  m o'  . ' ' b GUL*:
|  /  m o

Magnesium Calcium, possibly
nickel
Urinary excretion af-
fected by calcitonin,
thyroxine, gluco-
corticoids, glucagons
and angiotensin

Reversible osmotic diarrhoea 350 mg 300 mg GUL*:
400 mg

Phosphorus Aluminium-containing
antacids. calcium

Osmotic diarrheoa, nausea, vomiting 880 mg 800 mg GUL*:
250 mg

Potassium Sodium, magnesium,
thallium

Acute: hearl failure, cyanosis, cardiac
arrest
Chronic: abdominal pain, nausea,
vorniting, diarrhoea, ulceration: oeso-
phagus, stomach, duodenum, ileum

Not
specified

Not
specified

GUL*:
3700 mg
(for
supple-
ments)I

Silicon copper, zinc,
gefinanlum

Silicosis Not
specified

Not
specified

SULI:
700 mg

*GUL: the daily supplementary intake that would not be expected to be associated with adverse effects in a 60kg adult
over a lifetime

ISUL: Safe Upper Level for daily supplementary intake in a 60kg adult over a lifetime

$Infants, older subjects and patients with conditions such as pre-existing hyperkalaemia, renal disease, acidosis, insulin
deficiency or digitalis intoxication should not take potassium supplementation without medical advice.
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radicals are blatantly incorrect and
misleading. It is rather the unchecked
series ofchain reactions initiated by free
rad i ca l s  and  reac t i ve  oxygen  and
nitrogen species (see below) that may
contribute to the development ofvarious
disease states.

These infinitesimal half-lives are not
directly measurable in vivo and, as with
so many other areas of medicine, surro-
gate markers have become available or
are being sought to measure oxidative
stress/ox idat ive damage.  Potent ia l
biomarkers include:
. l ipid peroxidation products (e.g.

l ipid hydroperoxides; malondial-
dehyde and other aldehydic decom-
position products; exhaled pentane
and ethane; F,-isoprostanes);

. DNA oxidation products (8-oxo-
deoxyguanos ine ,  8 -oxydeoxy -
adenosine, thymol glycol);

. protein carbonyls;

. nitrated protein derivatives.s

The collective labels for the known
substances most often produced by the
body or from external sources are
'reactive oxygen species' (ROS) and
' react ive n i t rogen species '  (RNS). I
These could also be thought ofas 'pro-

oxidants'.

REACTIVE OXYGEN AND

NITROGEN SPECIES8

ROS includes several oxyqen radicals
and nonradicals.

Oxygen rsdicals (the unpaired electron
is represented by a *)
. superoxide (Or* )
.  hydroperoxyl  (HO,*)  [pronated

form ofsuperoxide]
. hydroxyl (OH*)
. peroxyl (RO,*) [R: any molecule]
. alkoxyl (RO*) [R: any molecule]

Orygen nonradicals (oxidising agents
easily converted into oxygen radicals)
. hydrogen peroxide (H,O,)
. hypochlorous acid (HOCI)
. ozone (O,)
. singlet oxygen ('Or)

RNS likewise includes radicals and
nonradicals.

Nitrogen radiculs (the unpaired
electron is represented by a *)
. nitric oxide (NO*)

Nitrogen nonradiculs (easily converted
into nitrogen radicals)
. peroxynitrite (ONOO )
. peroxynitrous acid (ONOOH)

An under-emphasised aspect of the
production of reactive species is their
beneficial function in terms of killing
m ic robes  (e .g .  ROS p roduced  by
ac t i va ted  phagocy tesE)  and  the i r
interference in cancer cell propagation.
It must be noted also that the mechanism
of action of certain drugs involves the
production ofreactive species, and it is
possib le that  excess use of 'supple-
ments' may well interfere with the
efficacy of these drugs (e.g. Vitamin E
inhibits cisplatin-induced apoptosis in
MCF-7 breast cancer cells.e)

The Standing Commit tee on the
Sc ien t i f i c  Eva lua t i on  o f  D ie ta ry
Reference Intakes and its Panel on
Dietary Ant iox idants and Related
Compounds, of the Food and Nutrition
Board of  the Inst i tu te of  Medic ine
developed the following definition of a
dietary antioxidant:

A dietary antioxidant is a substance
infoods that significantly decreases the
adverse effects o.f reactive oxygen
species. reactive nitrogen species, or
both on normal physiological function
in humans.o

The development of this definition
was based on the following criteria: 1)
the substance is found in human diets;
2) the content ofthe substance has been
measured in foods commonly con-
sumed; and 3) in humans, the substance
decreases the adverse effects ofreactive
oxygen and nitrogen species in vivo.8

The mechanisms of  act ion of
antioxidants are postulated to include:
l. Decreasing ROS orRNS formation.
2.  Binding metal  ions needed for

catalysis of ROS generation.
3.  Scavenging ROS, RNS or  thei r

precursors.
4. Up-regulating endogenous anti-

oxidant enzyme defences.
5.  Repair ing ox idat ive damage to

biomolecules.
6. Influencing and upregulating repair

enzymes.8 (my emphasis)

It is important to note (contrary to most
advefiisements for supplements) that:

'The effectiveness of each dietary
antioxidant depends on which ROS or
RNS is being scavenged, how and

where they are generated, the acces-
sibility of the antioxidants to this site
andwhattarget of damage, or oxidisable
substrate, is involved.'8 Based on this,
it would appear that simply taking an
antioxidant supplement is rather like
gambl ing.  The chances of  the ant i -
oxidant molecules being present in the
right place at the right time cannot be
predicted.

However,  one of  the indi rect
(derived) measures of the effectiveness
of an antioxidant is known as 'the

oxygen radical -absorbing capaci ty
(ORAC). The ORAC assay is a measure
of the total antioxidant capacity of the
serum derived from the sum of all serum
antioxidants whether produced by the
body (endogenous, such as glutathione
and urate)  or  taken f rom the d iet
(exogenous, such as vitamins C and E
and flavonoids).'r0 Even this measure
does not indicate what is happening at
a tissue level.

CONCLUSION

Usua l l y  doc to rs  a re  accused  o f
'medicalising' normal functions (e.g.
childbirth) or normal emotions (e.g.
grief) - but the promotion of a lifestyle
of supplernent-taking is indicative of a
(gull ible?) general public which has
been convinced that everyone needs to
medicalise their food intake.0

References:
L Expert Croup on Vitamins and l\,lincrals. Saf'e Upper Levels

for Vi tamins and Minerals.  ht tp: / lwww.lbodstandurds.
gov.uk,/mult imcdia/pdf i /v i tmin2003.pdf (accesscd I  0 MaJ,
2 0 0 3 )

2. Food Standards Agcncy. New FSA advicc on safety ofhigh
doses of v i tamins and rnirerals.  ht tD:/ /www.fbodstandards.
gov.uk/rrews/pressrcleases/vi tsandminsprcss (accesscd 20
May 2003)

3. DepartmcntofHealth.Souh At i ica. Regulat ionsRelat ing
to Label l ing ancl Advci l is ing of Foodstul l t .  Not ice: No R
1055. Prctoria. Goternmen! Gazcne 2002:146 1231 l1\.

4. Dcpartrnent ofHcallh. SouIh Aliica. FoodslufTs. Cosmetics
a n d  D i s i n f e c t a n l s , ^ c t .  l 9 7 l  ( A c t  N o . 5 4  o f  1 9 7 2 ) .

5 .  C i l i - l l c a l t h  S . A .  T h e  C o n t c n t s  o f t h e  f i u i t  o f R o s a  R o x -
b u r g h i i :  h t t p : / / ' w w w . c i l  j - b a o . c o . z a l n a t u r a l c i l i b a o . h t r r

(accessed 08 JuDe 2001)
6 .  M e l o t o D e  s y r u p :  V a n a d i u n r  l 0  m c g  i n  5 n r l .  h t t p : r l

www.sportron.co.zalnutr icare rangc.htm (accessed 07
Junc 2003)

7. ln-Vivo Measurement of Llydroxyl  Radicals and Lipid
Peroxidat ion Byproducls in Studies of Oxidat ivc lnjury.
http: / /ww*.mcmasteLcai inabis98/oxidat ive/ lehotay0666i
two.htf i l  (accessed l0 June 2003)

8. Food and Nutr i t ion Board. Dictary Ref 'ercnce lntakcs:
Proposed Defirr i t iorr  and Plan for Revicw of Dietary
A n t i o x i d a n t s  a n c l  R e l a t e d  C o m p o u n d s .  l n s t i t u l e  o f
Medicine. Nat ional Acaderny Press. Washington D.C. I  998.
http: , / /books.Dap.cdu/books/030906 I  873/html/ index.html
(accesscd 20 May 2003)

L Mi lDerJA. New Insights into the Mechanism ofAct ion of
Ant ioxidants. Nat ional Cancer Inst i tute. Bethesda. 2002
h  t t p  r / , / o d s .  o d .  n  i h .  g o v / n c w s / c o n  f c  r c n c  e s / a d a 2  0 0 2 1
rniJncr.pdf(acccssed I  I  Junc 200: ,

I  0.  Bryant RJ. Evidcnce lhat diet  modif icat ion rcduccs oxida-
t i o n  d a m a g e  i n  c e l l s .  e F O O D  R a p .  2 0 0 0 t 1 0 (  l 0 )  i n
Bielamowicz MK. Food/Nutr i t ion Elecbonic Newsletter
2000;2(6 )  ht tpr i lcalcium.tamu.edulMickey/newsletters, /
Vol 2_No_6.htrnl  (accessed |  |  June 2003).

I I .  THE INTERNATIONAL SOCIETY FOR THE STUDY
O F  X E N O B I O T I C S .  J a n u a r y  2 9 .  2 0 0 3 .  p a g e  I  h t t p : / /
www.issx.org/PDFli les/Const i tut ion2003.pdf (accessed 08
June 2003)

SA l.'anr Pract 2003;.trr5(7)




