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Although significant progress has been achieved in revealing the etiology of AD,
the search for efficient therapy stays the main goal. Nicotinamide adenine
dinucieotide (NADH) is biologically identified as a cofactor necessary for a
number of cellular actions, such as energy production, cell regulation and DNA
repair, enhancement of cellular immune system and repair of oxidative damage.
NADH is thought to be reduced in patients with neurodegenerative disorders and
in clinical trials NADH has been shown to improve cognitive functioning in
patients with AD, Parkinson's disease and in chronic fatigue syndrome.

This was randomized, doubie blind, placebo-controlled study with aim to
establish weather NADH would improve cognitive functioning in patients with AD.
48 patients were randomized in the study, 24 were allocated to placebo and 24 to
NADH treatment. Primary outcome measure was the difference in Mattis
Dementia Rating Scale total score between baseline and after six months of
treatment. The rest of cognitive tests included Hopkins Verbal Leaming Test,
Fuld Object Memory Test, Matching to Sample Test, Verbal Fluency Test, Clinical
Dementia Rating Scale and Mini Mental Status Scale Exam.

NADH subjects improved significantly compared to placebo group in verbal
fluency test. Placebo group experienced decrease of verbal fluency for 0.5 fewer
words per minute and NADH group showed improvement of verbal fluency for
3.5 more words per minute (p=0.056). Six months after baseline a mean
increase in MDRS Total score for NADH group was 2.8 (+/- 1.76) and for placebo
group a mean decrease in MDRS Total score 4.9 (+/- 3.13) points (p=0.022).
The results from this trial consistently demonstrate benefit of stabilized oral
NADH on cognitive functioning inAD patients.
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introduction

Alzheimer’'s disease (AD) represents
45% of the total cumulative dementias (22-
70% in individual studies). The estimated
evidence is 123 new cases/100000
population/year. (1) Cholinergic system
impairment in AD has been clearly
established: acetylcholine and choline
acetyltransferase are reduced in
hippocampus and neocortex of patients
with AD (2). Based on these findings,
cholinesterase inhibitors were introduced
for treatment of mild to moderate AD (2). In
placebo controlled trials these drugs
produced modes, but clinically significant
difference compared with placebo, but
adverse events limited their use (3,4,5,6).
Other strategies for slowing decline in AD
are based on trials that have shown
possible benefit from use of
neuroprotective agents such as selegiline
and vitamin E (7). There is insufficient
evidence to support the use of anti-
flammatory drugs and gingko biloba (8).

Considerable evidence exists of
dopaminergic neurotransmitter system
dysfunction and oxidative stress in

pathogenesis of AD (9,10,11). Previous
SPECT studies clearly have shown the
reduced activity in striatal regions in AD
patients (12,13). Recent studies revealed
also reduced activity of enzymes important
for energy metabolism (NADH ubiquinone
oxidoreductase, NADH diaphorase) in the
brain of AD patients (12,13). Recent
studies revealed also reduced activity of
enzymes important for energy metabolism
(NADH ubiquinone oxidoreductase, NADH
diaphorase) in the brain of AD patients
(14,15). As dopamine system is mportant
not only for motor performance but also for
cognitive functions, attempts to restore
deficits of the dopamine system are
considered as a therapeutic approach for
AD (16,17). NADH (beta nicotinamide
adenine dinucleotide reduced form, Co-
enzyme 1) is present in all living cells and
it plays a key role in cellular energy
production by oxidative phosphorylation

(18). Furthermore, NADH stimulates
dopamine production (18) and regenerates
tetrahydrobiopterin (20), essential cofactor
of tyrosine hydroxylase, the rate limiting
enzyme in dopamine biosynthesis and
prevents nitration of this enzyme (21). For
treatment of neurodegenerative disorders
the most interesting functions of NADH are
antioxidant role, cell regulation and DNA
repair. Stabilized oral NADH is able to
cross the blood brain barrier (22). In open
label clinical trials, NADH has been shown
to improve cognitive functioning in patients
with Parkinson’s Disease (23), depression
(24) and Alzheimer's Disease (AD) (25).
Laboratory findings implicate the role of
oxidative stress in pathogenesis of AD but
still there is insufficient evidence to support
the use of antioxidants because only few
studies have been conducted and the
results are inconclusive (8).

This study was conducted to determine
whether he NADH, ENADA® may be of
benefit in treating the symptoms of
Alzheimer's disease and to determine
safety when given to paitents with
Alzheimer’'s disease. Our hypotheses
were: 1) NADH would arrest cognitive
deterioration in AD and 2) NADH would
improve cognitive functioning in AD.

Methods

The study was designed as a six-month
randomized, double blind, placebo
controlled study. Patients with AD were
recruited from the outpatient clinic of the
Neurology Department, Sestre milosrdnice
University Hospital, Zagreb, Croatia. Forty
eight patients met inclusion criteria and
were enrolled in the study. Patients with
the diagnosis of probable AD, years of age
between 50 and 80, Mini-mental status
score between 10 and 25 and Clinical
Dementia Rating Scale (CDR) between 1
and 2 were included. The diagnosis of AD
was made according to the National
Institute of Neurological and Cognitive
disorders/ Alzheimer's Disease and
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Related Disorders Association (NINCDS/
ADRDA) criteria. All patients had CT scan
of brain within the Ilast 6 months
demonstrating no tumor, communicating
hydrocephalus, cerebral or subdural
hemorrhage or focal stroke in either
cerebral hemisphere. Patients with any
clinically significant disease that could
interfere with the study or with the
interpretation of results were excluded.
History of alcohol abuse or substance was
exclusion criteria. All patients were naive to
treatment with NADH. Use of donepezil or
tacrine was not allowed within the six
weeks study, but patients were not
required to discontinue dher medications.
Before entering into the study informed
consent was obtained from Ilegal
representative or patient, if capable. The
study was approved by the Ethical
Committee of the Sestre milosrdnice
University Hospital and by the Croatian
Ministry of Health.

Every patient had physical and
neurological examination, ECG, chest X
ray, blood and urine laboratory tests. Tests
for cognitive evaluation included: Mattis
Dementia Rating Scale (MDRS) (26),
Hopkins Verbal Learning Test (27), Fuld
Object Memory Test, Matching to Sample
Test (28), Verbal Fluency Test (29), Clinical
Dementia Rating Scale (30) and Mini
Mental Status Scale (only on screening).
For efficacy evaluation MDRS and Verbal
Fluency Test were used as primary
outcome measures. The study included a
screening visit and eight testing sessions

at baseline, on week 2, 4, 6, 10, 14, 18 and
after six months. Twenty-four patients were
randomized to receive NADH 10 mg per
day (ENADA® 5 mg, 2 tablets, Prof.
Birkmayer Gesundheitsprodukte GmbH, A-
1090 Vienna, Schwarzspanierstr. 15,
Austria) and twenty-four to receive
placebo. Safety evaluation included patient
or caregiver report of any adverse event
during the whole study, physical and
neurological examinations and laboratory
tests at screening, visit 1, 3,4, 5, 6, 7, 8.

NADH and placebo group did not
significantly differ with respect to age,
gender and initial level of dementia
measured by MMSE and MDRS.

The paired-samples T-test (SPSS-PC
Ver. 10.1) was used in statistical analysis
of mean change in primary outcome
measures from baseline to 6 months.

Results

Forty-eight patients were enrolled in the
study, 29 males and 19 females. The age
range was 54 to 80 years with median age
of 69 vyears. The MMSE scores at
screening ranged from 10 to 24 with a
median of 18. The MDRS scores at
baseline didn’t significantly differ between
the groups, mean score in placebo group
was 95,6 and 96 in NADH group. 47
patients completed the study, one patient
from the placebo group dropped due to
traffic accident. Figure 1 describes the
progression of patients through this trial.
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Figure 1. Study Participant Flow (*=patient withdrawn due to traffic accident)

| Screened patients (n=62) |

Not eligible/screening failure
(n=14)
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NADH (ENADA) (n=24)

| Foliowed up (n=24) | | Followed up (n=24) |

|

Withdrawn/Lost to study
(n=1)*

Withdrawn/Lost to study
(n=0)

!

[compled study (n=23) | | Completed study (=24)|

6-Month Resulits

NADH subjects improved significantly compared to placebo group in verbal fluency test.
While placebo group experienced decrease of fluency for 0.5 fewer words per minute.
NADH group showed improvement of verbal fluency for 3.5 more words per minute

(p=0.056) (Figure 2).
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Figure 2: Verbal Fluency Test Change after 6 Months of Treatment

Results of the verbal recognition memory
measure showed no significant advantage
for NADH patients. Verbal memory of the
Dementia Rating Scale showed advantage

for NADH patients, improvement for 1.2
points (p<0.04) (Fig. 3). For NADH group
six months after baseline a mean increase

in MDRS Total
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found and for placebo group a mean
decrease in MDRS Total score of -
4.9+3.13. This difference in MDRS Total
score six months after baseline was
significant (p=0.022) (Fig. 4). The
subscales on the MDR that contributed to
the total score difference were measures
of verbal fluency, constructional ability and
conceptual ability.

L

Medication
Compliance/Adverse Events

Very high medication compliance overall in
the study (100%) was achieved, based on
number of pills returned and caregiver
reporting. During the whole study none of
the patients experienced any adverse
event related to the use of the study drug
observed by caregivers or reported to
examiners. Furthermore, no abnormalities
in blood chemistry, hematology or ECG
were observed by the investigators in any
subjects.
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Fig. 3: Verbal Memory on the Dementia Rating Scale after 6 Months of Treatment

Mattis Dementia Rating Scale Total Score
N=47 (p=0.022)
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Figure 4: Mattis Dementia Rating Scale 6-month Change from Baseline
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Discussion

During six months of follow up, in
patients receiving NADH no significant
decline in cognitive functioning, measured
by any cognitive tests had been observed.
Placebo group experienced decline in
cognitive functioning. AD patients receiving
stabilized orally absorbable NADH showed
significantly better performance on
measures of verbal memory, verbal fluency
and overall dementia rating following six
months of double-blind treatment
compared to AD patients receiving
placebo. Results are encouraging and
consistent with the results of the earlier
studies with AD. In 1996, Birkmayer
showed results of the pilot study, open
label trial with NADH in the duration
between 8 and 12 weeks. The minimal
improvement on the Mini Mental State
Examination was 6 points and maximum
improvement 14 points with a mean value
of 8,34 points (25).

Significantly better performance (com-
pared to baseline) measured by MDRS
following six months NADH treatment was
result of double-blind study with stabilized
orally absorbable NADH versus placebo
(31). These findings are in concordance
with hypothesis about role of oxidative
stress, reduction of NADH diaphorase and
oxidoreductase activity and impairment of
dopaminergic system in the brain of the AD
patients. Important to note, in all clinical
studies using NADH no adverse or side
effects have been observed during the
treatment period of six months (32).

NADH is a natural substance present in
all living cells so results about its safety are
not surprising. In this as well as in previous
studies patients or caregivers reported
very good drug tolerance and no adverse
events. The results from this trial
consistently demonstrate benefit of
stabilized oral NADH on cognitive
functioning in AD patients, especially on
verbal memory, verbal fluency and overall
dementia rating. Since NADH is a natural
product with proven effect and without any

known side effect, it should be strongly
considered as mono- or additional therapy
for treatment of Alzheimer’s disease.
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