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of sickle erythrocytes. The two patient groups were compa-
rable for all variables (age, sex, concomitant diseases, ApoE 
 � 4, MMSE II score, OS, antioxidant reserve and sickle eryth-
rocytes). Forty-eight subjects completed the trial. Signifi-
cant decreases in OS and HCy were only observed when 
there was an increase in glutathione (in erythrocytes) and a 
decrease in sickle erythrocytes in patients treated with for-
mula F. The MMSE II score remained almost the same in the 
group treated with donepezil and placebo, whereas some 
significant improvements were found in the group treated 
with donepezil plus formula F.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 The brain has certain characteristics that make it very 
sensitive to oxidative stress (OS). Although it accounts for 
2% of body weight, the brain consumes 20% of the total 
O 2  inhaled. It also has the highest concentration of doco-
sahexaenoic acid, an unsaturated fatty acid that is ex-
tremely sensitive to oxidation. The iron concentration in 
some areas of the brain, such as the red nucleus and bas-
al ganglia, lays the ground for substantial oxidation. This 
is also supported by the reactive oxygen species (ROS) 
generated by dopamine auto-oxidation.
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 Abstract 

 A formula (formula F) was prepared to counteract oxidative 
stress (OS) in the brain. The formula contained the most 
common antioxidants and was intended to: (a) protect pro-
teins, lipids, DNA and proteoglycans from oxidation (carno-
sine, coenzyme Q 10 , vitamin E, vitamin C,  � -carotene, sele-
nium, L-cysteine and ginkgo biloba); (b) reduce homocyste-
ine (HCy) blood levels (vitamins B 6 , B 9  and B 12 ), and (c) sustain 
the pentose phosphate cycle in circulating cells (vitamins B 1 , 
B 2  and B 3 ). Formula F contained low doses of each antioxi-
dant component and was administered in a two-phase am-
poule. A cohort of 52 patients (21 males and 31 females) af-
fected with moderate probable AD (according to NINCDS-
ARDA and NINCS-AIREN criteria) already being treated with 
donepezil (5 mg/day for at least two months) was randomly 
divided into two groups, and followed for 6 months. A dou-
ble-blind design was used in which 26 cases were treated 
once a day with formula F plus donepezil, and the other 26 
with placebo plus donepezil. The level of OS was measured 
on the basis of a d-ROMs test (which measures plasma hy-
droperoxides), plasma HCy and glutathione, and percentage 
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  Another peculiarity of the brain is its lack of a lym-
phatic system, which means that tissue drainage has to 
take place through the blood vessels because CSF circula-
tion is too low (25 ml/h) to support this task.

  All these characteristics make the brain very sensitive 
to OS, which may be one of the causes of many degenera-
tive diseases  [1–3] , especially Alzheimer’s disease (AD). It 
is not enough, however, to administer one or two anti-
oxidants at high doses to improve the antioxidant net-
work in the brain. It is necessary to consider many aspects 
of oxidation. At least six elements take part in the OS pro-
cess in AD: vessels/blood brain barrier (BBB), mitochon-
dria, homocysteine (HCy), amyloid, erythrocytes and 
proteoglycans (PGs).

  The brain vessels do not support blood flow to tissue 
efficiently in AD. The brain’s attempt to compensate with 
vasodilatation is clear from the increase in nitric oxide 
production. This can be seen from the dramatic increase 
in dimethylargininase, which is one of the key enzymes 
in nitric oxide production  [4–7] . However, the concomi-
tant presence of superoxide (O 2   �  ), owing to local inflam-
matory processes, generates peroxynitrate (ONOO – ) and 
hydroxyl radicals (OH  �  ), which may cause vasoconstric-
tion  [8, 9]  when produced in large quantities. The brain 
vasculature (about 600 km of vessels) ends up at the BBB, 
which consists of many components (endothelial cells, 
pericytes, neuron feet, astrocytes, etc.) connected in a 
highly coordinated structure. It is so coordinated that it 
has to be considered a true neurovascular unit  [10, 11] . 
Because of its nature, lesion of one component directly 
affects all the others. Consequently, the BBB is one of the 
first structures damaged in AD.

  The second structures on the list are mitochondria. 
BBB endothelial cells are characterized by tight junctions 
that require large quantities of energy to keep the barrier 
effective. Consequently many mitochondria are found in 
the cells to provide the necessary ATP. Another source of 
this high energy production is the presence of ROS, which 
can only be sufficiently quenched by a very efficient an-
tioxidant system  [12] . There are at least seven different 
systems that produce ROS in mitochondria, and any al-
terations to the respiratory chain cytochromes end up in 
two parallel phenomena: a decrease in ATP and an in-
crease in ROS production  [13–15] . ATP may be imported 
from the cytoplasm to compensate for the shortage in en-
ergy production. If this is not possible, the cell undergoes 
apoptosis.

  At least three mitochondrial systems relating to ener-
gy production have been shown to be deficient in AD: 
pyruvate dehydrogenase,  � -ketoglutarate dehydroge-

nase, and cytochrome oxidase  [16, 17] . Mitochondrial ab-
normalities related to OS have been described in neurons, 
lymphocytes  [18] , endothelial cells  [11]  and fibroblasts 
 [19]  of subjects affected with AD. This condition may be 
one of the main causes of the loss in efficiency of endo-
thelial cell function and consequently of BBB activity  [20, 
21] .

  The third element is HCy. An increase in HCy plasma 
levels has been correlated with alterations in the EEG of 
patients with AD  [22]  and is a known cause of endothe-
lial damage  [23, 24] . HCy is produced during metabolism 
in strict connection with methionine, cellular methyla-
tion, DNA and glutathione (GSH) synthesis. A few details 
of the HCy metabolic pathway are needed to point out the 
key steps in reducing its plasma levels ( fig. 1 ).

  HCy turnover is very complex and related to many dif-
ferent activities. Supplementation with vitamins B 6 , B 9  
and B 12  or even B 6  alone has been found to reduce HCy 
levels  [25–27] . Some clinical trials have shown that car-
diovascular mortality is not affected by the use of the vi-
tamin B group despite the decrease in HCy levels  [28, 29] . 
However, the doses administered to patients were ex-
tremely high: 40 mg of vitamin B 6  and 0.4 mg of vitamin 
B 12 , i.e. 20 and 200 times the RDA, respectively. These 
amounts may cause damaging effects in the long-term.

  The fourth important factor is amyloid formation 
from amyloid precursor protein  [30, 31] . Peptides A �  1–
40/42 have both antioxidant and pro-oxidant activity, but 
they are definitely pro-oxidant  [32, 33]  and, when pro-
duced in large amounts, cause vasoconstriction in cere-
bral vessels  [34] . The pro-oxidant activity damages pro-
teins by forming advanced glycated end products and 
protein cross-linking. Carnosine may be used to protect 
against this specific brain oxidation  [35, 36] . The first ag-
gregate forms of A �  peptides are soluble dimers and tri-
mers  [37, 38]  which are neurotoxic. The oligomers and 
fibrillar forms, on the other hand, seem to lack both oxi-
dant activity and neurotoxicity. As a consequence, brain 
cell proteins have to be protected from the damage caused 
mainly by the initial aggregation of A �  peptides (2–4 
peptides).

  This is the task of erythrocytes, which are the fifth 
important element in brain protection. The main activity 
of erythrocytes is hemoglobin O 2  transport. This task is 
done very efficiently since each erythrocyte contains 
about 300 million hemoglobin molecules. All the hemo-
globin is protected from oxidation basically by the 
NAD(P)H obtained through the pentose phosphate cy-
cle.
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  In this cycle ( fig. 2 ), glucose is activated to glucose 6 
phosphate (G6P) by ATP and becomes ribulose 5 phos-
phate (R5P), with the presence of vitamin B 1  as a cofactor. 
This allows the production of four ATP molecules.

  GSH is produced from NAD(P)H and is used to pro-
tect the hemoglobin from oxidation and to conjugate tox-
ic products, which are exported from erythrocytes by ac-
tive pumps  [39, 40] .

  Vitamins B 3  and B 2  are needed as cofactors to produce 
NADP and activate this process. Since large quantities of 
GSH are needed when erythrocytes undergo OS, they 
can produce tripeptides from single amino acids (L-cys-
teine, glycine and glutamine) and also need selenium (Se) 
to produce the ‘anti-stress’ enzyme glutathione peroxi-
dase (GPx 1). GPx 1 contains a particular GSH formed 
with Se-L-cysteine instead of L-cysteine as a prosthetic 
part.

  Erythrocytes bind amyloid dimers or trimers  [41, 42]  
that generate pore-like structures on the erythrocyte 
membrane and can alter the cell membrane and volume. 
They exhibit ionophore-like properties  [43]  and undergo 
OS, resulting in an increase in erythrocyte size and the 

assumption of an elongated shape (sickle erythrocytes). 
In these OS conditions, erythrocytes may deposit their 
amyloid burden on endothelial cells  [44] . In patients suf-
fering from AD, sickle erythrocytes increase in number 
until reaching around 20%, whereas in comparable con-
trol cases it is far less than 10%  [41] .

  The sixth important element in the development of 
AD is proteoglycans (PGs). PGs are found both on cells 
and in the extracellular matrix. They consist of a few gly-
cosaminoglycans (GAGs) linked to a core protein, and 
between 100,000 and 1 million of them are found on ev-
ery cell. The core proteins differ according to the type of 
PG, but they are usually large proteins ( 1 500 kDa). How-
ever, both core proteins and GAGs may have highly vari-
able dimensions.

  GAGs are usually highly sulphated and consist of hep-
aran sulphate, dermatan sulphate, chondroitin sulphate 
or keratan sulphate. All these molecules consist of chains 
of disaccharides, either glucose or galactose derivatives 
 [45–47] , and the chains are made up of polymers of sev-
eral saccharides (usually  1 50). PGs are chemically well 
defined and have different names, such as perlecan, glyp-
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  Fig. 1.  Metabolic pathway of HCy. HCy is methylated by 5-methyltetrahydrofolate (5MTHF) in the presence of 
vitamin B 12  to form tetrahydrofolate (THF), the active form of vitamin B 9 . If there is a shortage of 5MTHF, 
DNA/RNA synthesis is impaired. Methionine is needed to produce S-adenosyl methionine (SAM), which is the 
main cellular methyl donor. HCy is also produced by S-adenosyl HCy (SAH). The cysteine which is derived 
from HCy in the presence of vitamin B 6  is needed to form GSH. Adapted from Pogribna et al.  [78] . 
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ican, syndecan, agrin, etc. They differ from the core pro-
tein and according to the type and number of GAGs. The 
location of PGs is also characteristic; perlecan is only 
found in the basement membrane of the BBB and glom-
eruli, whereas agrin and syndecan are very often found 
in BBB endothelial cells.  Figure 3  shows some PGs and 
their respective locations on the cellular membrane.

  Oxidized PGs  [48, 49]  have to be internalized for sub-
stitution. Owing to the high negative charge of their 
GAGs, they can attract all compounds with positive 
charges, such as A �  peptides. This charge binding can 
trigger amyloid formation inside endothelial cells (vascu-
lar amyloid) or within neurons and astrocytes (cerebral 
amyloid).

  The formation of neurofibrillary tangles (NFTs) is also 
related to the PGs internalized for substitution, as shown 
in  figures 4  and  5 . The internal aggregation of hyper-
phosphorylated tau protein with PG interferes with mi-
crotubule repair ( fig. 4 ). This aggregation is self-main-
taining up to the formation of a NFT ( fig. 5 ) and any at-
tempt to repair microtubules ends up with a sort of 
‘abortion’.

  Basically, the process starts with the aggregation of hy-
perphosphorylated tau protein triggered by the internal-
ized PGs that have to be substituted for repair.

  In conclusion, damaged PGs are involved both in the 
formation of amyloid and NFTs. These are the most im-
portant markers of neuronal damage in Alzheimer’s dis-
ease, seen in the form of neuritic and/or senile plaques.

  Brain Antioxidant: Formula F 

 Considering all aspects of OS in the brain (BBB, mito-
chondria, HCy, amyloid, erythrocytes and PGs), a spe-
cific antioxidant formula ( table 1 ) was created to improve 
the antioxidant network in subjects suffering from AD.

  The components were combined according to the fol-
lowing concepts: carnosine to protect proteins from amy-
loid oxidation, which produces advanced glycated end 
products and cross-linking; vitamins B 1 , B 2  and B 3  to sup-
port the pentose phosphate cycle in erythrocytes and 
brain cells; vitamins B 6 , B 9 , B 12  to reduce HCy plasma lev-
els; Se and L-cysteine to increase GSH production  [50–
52] ; coenzyme Q 10  to improve mitochondrial function 
 [53] ; vitamin E,  � -carotene and vitamin C to protect cell 
membranes from oxidation; ginkgo biloba to support the 
vasodilatation of micro- and macrovessels and for its an-
tioxidant activity  [54–56] .

  We tested formula F in patients in a controlled, clinical 
study. The aim of the double-blind clinical trial was to 
treat patients suffering from mild AD in combination 
with donepezil for a period of 6 months, and to evaluate 
changes in plasma OS.

  Materials and Methods 

 A cohort of 52 patients suffering from probable AD was ran-
domly divided into two groups and followed for a period of 6 
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  Fig. 3.  PGs are a sort of signal indicating the receptor. The GAG 
is specific for the ligand that interacts with the receptor. The 
GAGs found on PGs are negatively charged owing to the presence 
of many sulphate groups on the saccharides, and may drive dif-
ferent ligands by charge repulsion or charge attraction. Fibroblast 
growth factors for instance only bind to their receptor after di-
merization triggered by the heparan sulphate of the PG.       
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  Fig. 2.  Pentose phosphate cycle and vitamins B 1 , B 2  and B 3 . Part 
of the R5P is also used for trioses, which generate four molecules 
of ATP, and part returns to G6P. During the passage from G6P to 
R5P, a reducing unit (NADPH) is generated, which donates hy-
drogen in order to transform oxidized glutathione (GSSG) into 
GSH. 
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months according to a double-blind design. A group of 26 subjects 
was treated with formula F ampoules, and a similar group of 26 
cases with placebo ampoules. Treating AD patients with placebo 
only (without any specific AD treatment) was not allowed by the 
ethics committee. Consequently, the experiment was performed 
on patients already being treated with donepezil. All the subjects 
were referred to a UVA centre (Unit for Alzheimer’ Disease Eval-
uation and Assistance) and the protocol was approved by the cen-
ter’s ethics committee.

  Admission Criteria 
 Cases were diagnosed according to NINCDS-ADRDA  [57]  

and NINDS-AIREN  [58] . Patients with an MMSE II score  1 21 

with diagnosis of probable AD were admitted, provided they had 
been treated with donepezil at 5 mg/day for at least 2 months and 
had been receiving stable treatment (for at least 3 months) for any 
other concomitant chronic diseases. The type of ApoE  �  alleles 
was not considered as an inclusion/exclusion criterion but was 
simply measured as a routine variable.

  Exclusion Criteria 
 Patients not assisted by a caregiver, with malignancies or re-

ceiving chemotherapy were not admitted. Patients with an MMSE 
II score  ! 21, alcohol abuse or severe depression were excluded. 
Patients being treated with donepezil for less than 2 months or 
with dosages of donepezil of  1 5 mg/day were also excluded.

  A patient register was kept in order to record the number of 
subjects who referred to the centre during the enrolment period 
and the reason for their exclusion. Enrolment was completed in 
less than 2 weeks. One hundred and twenty patients were consid-
ered and 52 cases complied with the admission criteria.

  Most of the exclusions were related to the severity of the dis-
ease (MMSE II score  ! 21), the short period of donepezil treatment 
( ! 2 months) or because patients were undergoing treatment with 
drugs other than donepezil. It was decided to exclude subjects be-
ing treated with drugs other than donepezil because their interac-
tions with the antioxidants may be different and this might lead 
to misinterpretation of results.

  Treatments 
 All patients were undergoing treatment with 5 mg of donepe-

zil. One group was treated with antioxidant formula F at a dose of 
one ampoule/day in the morning immediately before breakfast, 
and the other group was treated with placebo (excipients plus 500 
mg of fructose and flavoring) at one ampoule/day. The placebo 
ampoule was identical to the formula F ampoule.

  All treatments were administered for a period of 6 months. A 
3-month supply of either formula F or placebo was given to each 
patient (9 boxes of 10 ampoules each). Compliance with the anti-
oxidant treatment was measured by counting the remaining am-

tau proteinMicrotubules
PG core GAGs phosphate

microtubules

soma

dendrites

PG

NFT

  Fig. 4.  Components of an NFT: hyperphosphorylated tau protein, 
PGs and amyloid. Tau protein becomes hyperphosphorylated to 
repair microtubules and its aggregation is triggered by PGs, which 
also impair microtubule repair.       

  Fig. 5.  Formation of NFTs in neurons. Microtubules transport 
substances from the soma of a neuron to its periphery (dendrites 
or synapses) and vice versa, and the initial NFT formation does 
not allow them to be repaired.       
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Table 1. Formula to protect brain from aging: formula F (ARD 
Cogiton�)

Antioxidant Dose RDA

Carnosine 100 mg –
Thiamine (B1) 1.4 mg 100
Riboflavin (B2) 1.6 mg 100
Nicotinamide (B3) 18 mg 100
Pyridoxine (B6) 2 mg 100
Folic acid (B9) 200 �g 100
Cyanocobalamin (B12) 1 �g 100
Vitamin C 30 mg 50
Vitamin E 20 mg 200
Coenzyme Q10 10 mg –
�-Carotene 800 RE 100
Selenium 27.5 �g 25
L-cysteine 10 mg –
Ginkgo biloba 25 mg –
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poules returned by the subject during the checks. Compliance 
was also checked for donepezil on the basis of a tablet count (four 
boxes of 28 tablets were given to each patient). No other treat-
ments were checked for compliance.

  After the first 3-month period, patients were asked to refer to 
the centre again for an intermediate check and treatment supply.

  Principal and Secondary Parameters 
 The main parameter considered was oxidative status mea-

sured using the d-ROMs test  [59, 60]  on plasma. HCy, plasma GSH 
levels, and the percentage of sickle erythrocytes were considered 
as secondary parameters. The overall clinical condition measured 
with MMSE II score was also considered as a secondary param-
eter.

  Laboratory Assessment and Rating Scales 
 At each check (baseline, 3 months and 6 months), blood sam-

ples were collected in heparinized and nonheparinized tubes in 
the morning (between 8 and 10 a.m.) after overnight fasting. 
Three different aliquots of 5 ml each (two for plasma and one for 
serum) were taken from the brachial vein. They were immedi-
ately centrifuged and kept at –80   °   C until the measurements were 
taken. One further aliquot of 2 ml was also taken (without hepa-
rin) for sickle erythrocyte analysis at baseline and after 6 months 
only.

  The d-ROMs test, erythrocyte GSH  [61]  and plasma HCy  [62]  
were measured as described elsewhere. The d-ROMs test was per-
formed at each check, whereas all the other tests were done at 
baseline and after 6 months only.

  To measure the percentage of sickle erythrocytes, an erythro-
cyte pellet was isolated by centrifugation (1,000  g  for 15 min at 
4   °   C) immediately after the collection of a 2-ml sample in 2 ml 
citrate-phosphate-dextrose solution with adenine. The top of the 

tube was discarded and the process was repeated three times us-
ing CDPA for resuspension. Immediately after preparation, the 
percentage of sickle erythrocytes was calculated manually (on 
400 erythrocytes) using Nomarski optics  [41] .

  An MMSE II was performed at baseline and after 3 and 6 
months, no more than 1 day before or after blood sampling. A 
change of at least 1 point in the MMSE II score compared with the 
baseline value was considered clinically relevant both in terms of 
improvement ( 6 +1) and worsening ( ̂  –1).

  Sleeping was also measured using a three-point scale (no 
change, better or worse).

  Sample Size and Statistical Analysis 
 The sample size was based on the expected decrease in plasma 

hydroperoxides measured using the d-ROMs test, which is a test 
for measuring OS. Preliminary experiments on patients suffering 
from AD in non-blind conditions (2 months of treatment) gave 
some indication of the expected d-ROMs test values. An average 
decrease of at least 70–80  8  10 (SD) CARR.U. was expected in the 
treated group (corresponding to a decrease of about 20% com-
pared with the baseline value), whereas the placebo group was 
expected to show no more than a 20  8  10 CARR.U. decrease (cor-
responding to a decrease of about 5% of the baseline value).

  For a value of  �  = 0.05 and 1- �  = 0.9, groups of 20 subjects are 
sufficient to obtain a power of at least  1 0.9. Assuming a maximum 
dropout of 30%, a total number of 26 patients were added to each 
group. Average values  8  SD were calculated for all variables. The 
t tests for independent and interdependent data were used in or-
der to measure the differences between baseline values and final 
values and between treatments, respectively.

  Correlation coefficients were calculated between all the vari-
ables, and the exact  �  2  (Fisher) was used to measure the improve-
ment/worsening in MMSE II score.

  Results 

 Two subjects in the group treated with formula F un-
derwent major orthopedic surgery a few weeks after start-
ing the trial and were excluded from the evaluation.

  One patient treated with formula F and one with pla-
cebo did not come to the first check (after 3 months) and 
were excluded from the analysis. Consequently, 48 of the 
initial 52 cases concluded the trial: 23 cases with formula 
F and 25 with placebo.

  The general characteristics of the patients are shown 
in  table 2 .

  The antioxidant treatment was very well tolerated, and 
no relevant side effects that could be interpreted as due to 
the antioxidant treatment were reported by any group 
member. Compliance was excellent since the remaining 
dose count was in line with expected values. None of the 
concomitant chronic diseases (hypertension, diabetes 
type II, hyperlipidemia, etc.) was affected by the treat-
ments.

Table 2. Characteristics of patients treated with formula F and 
placebo

Variables Formula F Placebo p1

Sex NS
Males 9 10
Females 14 15

Age 7584.2 7484.9 NS
Hypertension 6 5 NS
NIDD 6 5 NS
MI 5 6 NS
Hyperlipidemia 6 6 NS
ApoE �42 4 5 NS

NIDD = Non-insulin-dependent diabetes; MI = previous 
 myocardial infarction (at least 3 years before). Some patients were 
also affected with other chronic diseases (urological/gynecologi-
cal), but their frequencies were too low to be evaluated statisti-
cally. 

1 �2 test with Yates correction or t test for independent data; 
NS = p > 0.05. 

2 At least one �4 allele.
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  The main results are shown in  tables 3  and  4 . The base-
line data and data after 6 months of treatment are shown 
for the variables assessed in the laboratory ( table 3 ).

  A significant reduction in OS was only found in sub-
jects treated with the antioxidant. As regards the OS  values 
recorded after 3 months of treatment, only the d-ROMs 
test data were available for all patients. In a few cases, oth-
er variables were also available (data not shown).

  The measurements relating to the MMSE II score re-
corded at baseline, 3 and 6 months are shown in  table 4 .

  The average improvement in MMSE II score was not 
very substantial in either group. However, considering 
each case singularly, an improvement in MMSE II score 
( 6 +1) was found in 12 patients in the formula F group 
and in only 4 cases treated with placebo. This difference 
is statistically significant according to the Fisher test (p  !  
0.05).

  A fall ( ̂  –1) in MMSE II score was also observed in 
one case treated with the antioxidant and 2 cases treated 
with placebo. These numbers are too small to draw con-
clusions.

  The correlation coefficients between the differences in 
the values recorded at baseline and after 6 months were 
calculated for the group treated with antioxidant supple-
mentation ( table 5 ). The same calculation was not possi-
ble for the placebo group because there were not enough 
cases of improvement for this type of analysis.

  Significant correlation was found between the MMSE 
II differential (6 months – baseline) and the decrease in 
sickle erythrocytes. The increase in GSH was also strong-
ly correlated with the improvement in MMSE II score. 
The decrease in d-ROMs test values was correlated with 
both the decrease in sickle erythrocytes and increase in 
GSH. The latter two variables also showed significant in-
ternal correlation (p  !  0.01).

  All the variables were tested for correlation and against 
each other at baseline, using the combined data from 
both groups. None of the variables were significantly cor-
related.

  Discussion 

 Since all the patients were being treated with donepe-
zil, the results obtained from this experiment have to be 
considered as the combined effect of a cholinesterase in-
hibitor with antioxidant supplementation.

  One initial limitation of this trial stems from the type 
of patients included, since the diagnosis of AD was con-
comitant with other chronic diseases which may all also 

Table 3. Laboratory assessment of patients suffering from AD

Variables Period Formula F Placebo

d-ROMs test, CARR.U. baseline 380844.6 365837.8
6 months 295826.31, 2 356840.2

HCy, �mol/l baseline 2785.4 2985.9
6 months 2082.91, 2 2782.3

GSH, �mol/ml baseline 2.680.72 2.980.84
6 months 3.280.821 3.080.79

Sickle erythrocytes, %3 baseline 1884.4 2084.2
6 months 1283.81, 2 1783.71

Values shown are mean 8 SD.
1 t test p < 0.05 for dependent data (before vs. 6 months).
2 t test p < 0.05 for independent data (formula F vs. placebo at 

6 months).
3 Measurement in the group treated with formula F was only 

performed in 20 subjects.

Table 4. MMSE II score in the two patient groups (mean 8 SD)

Treatment Period MMSE II Cases
improved/
worsened

Donepezil + formula F baseline 23.281.14
3 months 24.081.57 4/0
6 months 24.381.43 11*/1

Donepezil + placebo baseline 23.981.04
3 months 23.681.11 0
6 months 24.281.28 4/2

* p < 0.05, exact �2 test (Fisher), formula F vs. placebo.

Table 5. Correlation coefficients for all variables in the group 
treated with antioxidant formula

Variables MMSE
II

d-ROMs 
test

HCy Sickle
erythro-
cytes

GSH

MMSE II 1
d-ROMs test 0.388 1
HCy 0.242 –0.194 1
Sickle erythrocytes1 0.816** 0.489* 0.179 1
GSH 0.881** 0.499* 0.307 0.621** 1

* p < 0.05; **  p < 0.01.
1 Measurement was done in only 20 cases. 
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cause OS. The improvement shown by the antioxidants 
administered in formula F may not be specifically related 
to AD, but to the other diseases as well. Furthermore, the 
sample size was sufficient for the d-ROMs test (the prin-
cipal variable), but was not big enough to detect any sig-
nificant change in the MMSE II score with sufficient 
power. In this case, the number of patients needed would 
be much greater. Sickle erythrocytes were studied in rela-
tion to amyloid only  [41, 42] , but theoretically their in-
crease could be detected in many other diseases. There-
fore, to draw correct clinical conclusions, more studies 
will have to be conducted in this area.

  Despite all these limitations, formula F treatment was 
shown to substantially reduce OS and to improve the 
clinical results obtained with donepezil. Consequently, 
all the differences in the results of the two groups may be 
attributed to the antioxidant treatment.

  The data showing a decrease in the number of sickle 
erythrocytes are particularly interesting. These data 
show that oxygen transport to the brain is greater owing 
to the presence of more deformable erythrocytes, thus 
with positive consequences on microcirculation. This ef-
fect could be very positive in the case of high levels of 
amyloid in the vasculature, as usually occurs even before 
AD symptoms become evident.

  The antioxidant treatment was found to improve the 
antioxidant network substantially as shown by the in-
crease in plasma GSH. This is mainly a measure of the 
antioxidant capability of circulating cells and especially 
erythrocytes, which make up the majority. This effect 
acts in parallel with the decrease in sickle erythro-
cytes.

  These two tests were found to be highly correlated 
with the improvement in MMSE II score. Plasma GSH 
is merely a biochemical measurement, whereas the num-
ber of sickle erythrocytes is more related to function. 
The correlation between these two parameters indicates 
that the increase in circulating antioxidant may improve 
erythrocyte membrane function. Consequently, the 
whole brain may benefit from higher O 2  availability and 
this may have a favorable impact on cognitive func-
tion.

  HCy was not found to be related to clinical outcome 
measured in terms of MMSE II score. This lack of corre-
lation between HCy and clinical improvement was also 
found by other authors for cardiovascular diseases  [28, 
29] . One explanation might be that HCy is only one of 
many epiphenomena of a more complex equilibrium with 
other inflammatory markers  [63] , and that its decrease is 
due to a more general reduction in OS and not specifi-

cally to microvessel endothelial cell stress. This may ex-
plain why some authors found that its reduction was con-
comitant with a decrease in the risk of stroke  [64] , and 
that short-term treatment is effective on carotid intima-
media thickness, whereas long-term treatment is not  [65] . 
However, regardless of its origin, HCy can be a cytotoxic 
oxidant  [66]  and its decrease helps quench OS. All known 
HCy metabolic pathways were considered in the current 
formulation, especially its transformation into GSH 
through efficient NAD(P)H turnover. This was done by 
administering a more complete vitamin B group and not 
just vitamins B 6 , B 9 , and B 12  alone.

  This is the first time that a combination of antioxi-
dants at doses within the RDA has been found to be active 
in decreasing OS in patients with AD. Excessive doses of 
vitamin E and vitamin C are usually administered  [67, 
68] , which may behave as pro-oxidants  [69] . Supplemen-
tation with vitamin B 6  and vitamin B 12  at high doses  [70]  
with or without vitamin B 9   [71]  was also found to be inef-
fective in the treatment of cognitive decline. Combina-
tions of different types of antioxidant at lower doses 
(within the RDA) should be tested with the aim of im-
proving the whole antioxidant network.

  The variability in the intake of antioxidants with diet 
makes comparing clinical data derived from different 
countries very complex. Patients should use antioxidants 
according to their needs as determined by measuring OS. 
The amount of oxidized vitamin E, for instance, was re-
cently found to be directly related to the severity of cog-
nitive impairment  [72] .

  Despite the need for further larger studies, the idea of 
simultaneously tackling brain oxidation in many differ-
ent compartments seems to be promising.

  Donepezil has been found to be active in the treat-
ment of cognitive impairment  [73, 74] , but association 
with vitamin E at high doses has not been seen to im-
prove its activity  [75] . In contrast, the larger spectrum of 
antioxidants at doses close to the RDA used in this trial 
was found to be helpful. Treatment with these types and 
doses of antioxidants could be even more useful in pre-
venting/delaying the onset of the disease in those pa-
tients who have risk factors without any overt AD symp-
toms.

  Age is the most important risk factor. The risk of AD 
doubles for every 5 years of age increase, and millions of 
people in every developed country are at risk of this dis-
ease, which is becoming a real economic problem for all 
societies. There is no alternative to aging. Aging instead 
can be faced with some preventive measures. In other 
words, when a subject is 60 years old and has some risk 
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factors, he should be carefully monitored for the addi-
tional risk of OS and particular importance should be 
placed on its measurement.

  Further studies with a larger population and involv-
ing other types of AD therapy are needed to clarify the 

role of antioxidants in the treatment of AD. Further-
more, more specific tests for brain oxidation  [76, 77]  
should become available for routine studies in the field 
to understand the real clinical value of reducing brain 
oxidation. 
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