


NADH:
The Bi o log i cal Hy dro gen

The Se cret of Our Life En ergy

George D. Birk mayer, M.D., Ph.D.



The in for ma tion con tained in this book is based upon the re search and per sonal
and pro fes sional ex pe ri ences of the au thor. It is not in tended as a sub sti tute for
con sult ing with your physi cian or other health care provider. Any at tempt to di ag- 
nose and treat an ill ness should be done un der the di rec tion of a health care pro- 
fes sional.

The pub lisher does not ad vo cate the use of any par tic u lar health care pro to col but
be lieves the in for ma tion in this book should be avail able to the pub lic. The pub- 
lisher and au thor are not re spon si ble for any ad verse ef fects or con se quences
re sult ing from the use of the sug ges tions, prepa ra tions, or pro ce dures dis cussed
in this book. Should the reader have any ques tions con cern ing the ap pro pri ate- 
ness of any pro ce dures or prepa ra tion men tioned, the au thor and the pub lisher
strongly sug gest con sult ing a pro fes sional health care ad vi sor.

Ba sic Health Pub li ca tions, Inc.
28812 Top of the World Drive
La guna Beach, CA 92651
949-715-7327 • www.ba sichealth pub.com

Li brary of Con gress Cat a loging-in-Pub li ca tion Data

Birk mayer, Georg D.
NADH, the bi o log i cal hy dro gen : the se cret of our life en ergy / George D. Birk- 
mayer.
   p. cm.
In cludes bib li o graph i cal ref er ences and in dex.
ISBN 978-1-59120-516-6(alk. pa per)

1. NAD (Coen zyme)—Phys i o log i cal ef fect. I. Ti tle.

QP625.N34B547 2009
572'.7—dc22

2008053765

Copy right © 2009 by George D. Birk mayer

All rights re served. No part of this pub li ca tion may be re pro duced, stored in a re -
trieval sys tem, or trans mit ted, in any form or by any means, elec tronic, me chan i -
cal, pho to copy ing, record ing, or oth er wise, with out the prior writ ten con sent of the
copy right owner.

Ed i tor: John An der son
Type set ting/Book de sign: Gary A. Rosen berg
Cover de sign: Mike Stromberg

Printed in the United States of Amer ica

10   9   8   7   6   5   4   3   2   1

http://www.basichealthpub.com/


Con tents

Pref ace

CHAP TER 1
What Is NADH?

CHAP TER 2
Func tions of NADH in the Body

CHAP TER 3
Sup ple ment ing with NADH

CHAP TER 4
NADH and Dis ease Treat ment

CHAP TER 5
Ad di tional Ther a peu tic Uses for NADH

CHAP TER 6
NADH for the Skin

CHAP TER 7
NADH to Boost Sex Drive and In crease Longevity

Con clu sion

Glos sary
Ref er ences

About the Au thor



This book is ded i cated to my wife, Karin,
and my chil dren Flo rian, So phie, Heidi,

Ben jamin, Fer di nand, and Ca rina,
the joy and spirit of my life,

in ap pre ci a tion of their
love and af fec tion.



I

Pref ace

f you could take a nat u ral sub stance that oc curs in ev ery
sin gle cell to in crease your over all en ergy, would you?

If you could take a nat u ral sub stance that boosts the im- 
mune sys tem and pro tects your cells from dam age, would
you?

If you could take a nat u ral sub stance that en hances your
cog ni tive ca pa bil ity and im proves your mem ory, would you?

Most peo ple would an swer, “Of course.” This book will in- 
form you about this sub stance, what it is, what its bi o log i cal
func tions are, and how this sub stance im proves phys i cal
and men tal per for mance in healthy in di vid u als and helps
with ail ments caused by an en ergy de fi ciency.

The bi o log i cal form of hy dro gen oc cur ring in our body re- 
acts with the oxy gen present in ev ery liv ing cell to pro duce
es sen tial en ergy. Most peo ple get a suf fi cient sup ply of
oxy gen for en ergy pro duc tion from the air they breathe.
The lim it ing fac tor in our body is hy dro gen—hy dro gen is
ab so lutely nec es sary for the en ergy pro duc tion in our cells.
Thus, the bi o log i cal form of hy dro gen is the se cret of our
life en ergy.

This book will in form you about NADH, the bi o log i cal hy- 
dro gen, its func tions that are es sen tial for life, and its mul ti- 
ple ef fects in the hu man body.



CHAP TER 1



T

What Is NADH?

he most promis ing nat u ral sub stance in our body is
NADH, which stands for nicoti namide ade nine din u- 

cleotide hy dride. NADH is the bi o log i cal form of hy dro gen. It
re acts with the oxy gen present in ev ery liv ing cell, thus pro- 
duc ing en ergy and wa ter. The more NADH a cell has avail- 
able, the more en ergy it can pro duce, the bet ter it func tions,
and the longer the cell (and the en tire or gan ism) lives.

Is it pos si ble to in crease the amount of NADH in the cell by
adding NADH from out side? The an swer is: yes. This im plies
that we can in crease the en ergy level in our cells. Due to this,
the cells can pro duce more of all the com po nents es sen tial
for life, and thus they will func tion bet ter and live longer. This
is fea si ble by sup ple men ta tion with NADH in or der to boost
the hy dro gen taken up by the hu man body.

The amount of NADH a cell con tains de pends on the
amount of en ergy it re quires. The heart and the brain need
the most en ergy of all our or gans. Hence, these or gans ben- 
e fit the most from an ex ter nal sup ply of NADH. All other or- 
gans, par tic u larly the lungs, the liver, and the kid neys, also
get more en ergy from NADH and func tion bet ter. The bi o log i- 
cal hy dro gen is the fuel for cel lu lar en ergy pro duc tion, and
nu tri tional sup ple men ta tion can pro vide our body with more
NADH.



THE BI O LOG I CAL HY DRO GEN

The H in NADH stands for hy dro gen. Pure hy dro gen is highly
re ac tive: if you throw metal lic sodium into wa ter, hy dro gen is
formed in a tenth of a sec ond. The re ac tion forms so much
heat that the hy dro gen ig nites in stantly. If the hy dro gen would
re act like this in liv ing cells, they would ex plode. The hy dro- 
gen in NADH is the bi o log i cal form, as it is bound to the mol e- 
cule NAD in the cell. Due to this, it does not re act in an ex plo- 
sive-like man ner. Hy dro gen must be in serted into a mol e cule
in which it is not as re ac tive as in its pure form. Na ture has
solved this prob lem by form ing the mol e cule nicoti namide
ade nine din u cleotide hy dride, or NADH.

Though the hy dro gen is still very re ac tive in this com pound,
it does not in flame spon ta neously. Yet it does re act with the
oxy gen in the cell in a cas cade-like bio chem i cal re ac tion
form ing wa ter and en ergy. This hap pens in ev ery liv ing cell.
Hy dro gen and oxy gen are thus the most im por tant el e ments
for en ergy pro duc tion in our cells. In fact, bi o log i cal hy dro gen
is the se cret of our life en ergy.

Nicoti namide, which is also part of the NADH mol e cule, is
also known as vi ta min B3. Nicoti namide is pro duced in the
body, is a nat u ral bi o log i cal sub stance, and is bio chem i cally
the pre cur sor of NADH.



NADH HAS BEEN KNOWN FOR 100 YEARS

NADH was dis cov ered in 1903 as a co-fac tor for the fer men- 
ta tion of al co hol by yeast. Since then, it has been found that
this coen zyme catal y ses more than a thou sand meta bolic re- 
ac tions in the body.1 NADH is the most im por tant of all coen- 
zymes dis cov ered in the hu man or gan ism; hence, it car ries
the name coen zyme-1.

A coen zyme is a sub stance es sen tial for en zymes to gain
full func tion al ity. En zymes are large bi o log i cal mol e cules that
cat alyze many bio chem i cal pro cesses nec es sary for our or- 
gan ism to func tion prop erly. They lead to prod ucts needed for
full vi tal ity of cells and or gans. En zymes can be com pared to
pro duc tion ma chin ery in a fac tory that trans poses one ma te- 
rial into an other one. In liv ing cells, en zymes cat alyze the
break down and turnover of the car bo hy drates, lipids (fats),
and pro teins we take up with our daily food into smaller units.
These small units are fur ther me tab o lized and a large part of
them are con verted into NADH.

For more than fifty years NADH has been used in its pure
form in lab o ra tory tests to de ter mine meta bolic glu cose, uric
acid, or choles terol lev els in the blood. Pure NADH is iso lated
from yeast. Yeast con tains rel a tively high amounts of NAD,
the ox i dized form of NADH. Yeast is pro duced in waste
amounts from brew eries and is the main source for NADH
pro duc tion. The NAD ex tracted from yeast is re duced to
NADH in a nat u ral way by an en zyme iso lated also iso lated
from yeast.



DI ETARY SOURCES OF NADH

NADH is present in ev ery liv ing cell of an i mals and plants, so
it read ily oc curs in the foods we eat on a daily ba sis. Meat
and fish con tain the high est amounts of NADH. Meat is noth- 
ing but mus cle tis sue, which is used for move ment, force,
and power. Mus cles need en ergy for these ac tions and they
get it from NADH. Meat con tains about 50 mil ligrams (mg) of
NADH per kilo gram. In liver tis sue, you will find about 11 mg
of NADH per kilo gram. NADH also oc curs in fruits and veg- 
eta bles, but the con tent is far lower than in an i mal tis sue, be- 
cause plants need much less en ergy than an i mals.

Though NADH is present in our foods, we take up only mar- 
ginal amounts of it from our daily diet. Most of the NADH is
de stroyed dur ing the cook ing process. The sit u a tion would
not be much im proved even if our diet con sisted mostly of
raw meat and fish as the NADH present in these foods is de- 
graded within sec onds by the acid en vi ron ment pro duced by
our gas tric juices in the stom ach. How ever, NADH is syn the- 
sized in the cells from sim ple mol e cules such as glu cose
(sugar) and amino acids.

NADH CON TENT IN FOOD
FOOD AMOUNT OF NADH (IN MG/KG)
Meat 50
Fish 35
Liver 11
Corn 1.8
Car rots 0.46
Pota toes 0.2
Onions 0.41
Blood (hu man) 7.5



NADH IS PRO DUCED IN THE BODY

Our daily food con sists of car bo hy drates, pro teins, and fat.
These large mol e cules are de graded by en zymes into smaller
en ti ties such as sugar, amino acids, and fatty acids. These
com pounds are then trans ported from the blood cir cu la tion
into the or gans, where they are taken up by the cells. There
they are split fur ther and in serted in the cit ric acid cy cle, also
called the Krebs cy cle (named af ter the Ger man bio chemist
and No bel lau re ate Sir Hans Krebs). In this meta bolic round- 
about, the hy dro gen is taken from the glu cose and trans- 
ferred to NAD. By this mech a nism, NADH is formed. It then
re acts with oxy gen to pro duce ATP and wa ter.2

ATP, the ab bre vi a tion of adeno sine triphos phate, is a spe cial
mol e cule that has en ergy stored in its chem i cal struc ture.
When ATP re acts, this en ergy is re leased and used for pro- 
duc tion pro cesses in the cells of the body.

NADH oc curs in rel a tively high amounts in the hu man body.
The high est con tent of NADH is found in the heart as it needs
the most en ergy;3 it beats 86,000 times per day. Here are
NADH con cen tra tions in var i ous hu man or gans and tis sues:
• Heart, 90 mg/kg tis sue
• Liver, 11 mg/kg tis sue
• Mus cles, 50 mg/kg tis sue
• Ery thro cytes (red blood cells),
• Brain, 40 mg/kg tis sue 8 mg/kg tis sue

The brain con sumes one-third of all the en ergy pro duced by
our body. There fore, an en ergy de fi ciency is first de tected in
the brain. At ten tion deficit, weak nesses in fo cus ing, and pro- 
longed re ac tion times are all caused by too lit tle ATP in the
brain. A long-term en ergy de fi ciency in the brain leads to a
short age of the neu ro trans mit ters, no ra drenaline, dopamine,
and sero tonin.4 If this con di tion per sists for a long pe riod of
time, symp toms of de pres sion such as loss of drive, sleep
dis tur bances, hypochon dria, and anx i ety will de velop.



Fig ure 1.1. NADH pro duc tion in the cell.

NADH has nu mer ous bi o log i cal func tions in the hu man
body. It cat alyzes more than a thou sand meta bolic re ac tions
in the var i ous tis sues and or gans, the most im por tant of
which are ex plained in the next chap ter.



CHAP TER 2



T

Func tions of NADH
in the Body

THE CEL LU LAR FUEL

he bil lions of cells that the hu man body is com posed of ab- 
so lutely need one thing—en ergy. With out en ergy, a cell

can not sur vive. Each cell must pro duce the fuel on its own.
What is this fuel? It is hy dro gen that re acts with oxy gen in the
cell to pro duce wa ter and en ergy.

As you may know, liq uid hy dro gen and liq uid oxy gen are used
as rocket fuel. When they are blended to gether, an ex plo sion is
trig gered that boosts the rocket into the sky. How does the cell
tame this highly re ac tive hy dro gen? The cell is very so phis ti- 
cated in do ing this. The hy dro gen is cou pled to a larger mol e- 
cule, namely NAD. In this bi o log i cal form, the amount of hy dro- 
gen is less but it is suf fi ciently re ac tive to com bine with oxy gen
to form wa ter and en ergy.

The still high re ac tiv ity of the bi o log i cal hy dro gen in NADH is
one of the rea sons why it has never been con sid ered for ther a- 
peu tic ap pli ca tion. As I will ex plain later, I suc ceeded in tam ing
this bi o log i cal rocket fuel and trans pos ing it into a com pound
us able for ther a peu tic ap pli ca tions. This bi o log i cal form of hy- 
dro gen re acts with oxy gen not in an ex plo sive man ner but in a
cas cade of con trolled bio chem i cal re ac tions. Wa ter and en ergy
are formed and this en ergy is stored as adeno sine triphos- 
phate (ATP). Bio chemists call this process “ox ida tive phos pho- 
ry la tion” be cause the cell needs oxy gen for this re ac tion.

ATP is the life en ergy for ev ery cell. The more a cell has
available, the bet ter it func tions and the longer it lives. If cells
of a tis sue or or gan stay vi tal longer, the or gan and the en tire
in di vid ual sur vives longer.

How can an ATP de fi ciency de velop? It is com pa ra ble to a
state bud get. Ei ther its in come is too low or ex penses are too
high. In most states, both rea sons are the cause of the deficit.
So it is in the cell—both pos si bil i ties may be the cause. NADH
is pro duced by the cell from glu cose, amino acids, and fatty



acids. If the pro duc tion chain for these build ing blocks is dis- 
turbed, less NADH is formed. If less NADH is present in the
cell, less ATP is syn the sized. If the ATP con tent of a cell falls
be low a crit i cal value es sen tial for life, the cell dies.

So, each cell needs ad e quate amounts of NADH and oxy gen
to be able to pro duce suf fi cient amounts of ATP. If the en- 
zymes cat alyz ing the trans for ma tion of NADH and oxy gen to
ATP are in hib ited or de stroyed by chem i cal or phys i cal agents,
less or no ATP is pro duced. As a con se quence, cells and tis- 
sues will die.1

Spe cial and ubiq ui tous in hibitors of these en zymes are free
rad i cals, which are re ac tive mol e cules that are detri men tal for
cel lu lar en ergy pro duc tion. We are con stantly ex posed to
rather high amounts of free rad i cals in form of sun light (UV ra- 
di a tion), ra dio waves, ozone, cig a rette smoke, drugs, and
other chem i cals we are us ing on a daily ba sis. To day, it is gen- 
er ally ac cepted by the sci en tific com mu nity that cer tain dis- 
eases—par tic u larly neu rode gen er a tive con di tions such as
Alzheimer‘s de men tia, Parkin son’s dis ease, and mus cu lar dys- 
tro phy—are caused by an im pair ment of the ATP-pro duc ing
en zymes.2

To pro tect our selves from the many tox ins we are ex posed to
we need to in crease the ATP pro duc tion in our cells. With more
ATP, the cell will func tion bet ter and sur vive longer. We can in- 
crease the ATP con tent in a cell by sup ple ment ing with NADH.



NADH IN CREASES ATP IN HEART CELLS

That NADH can in crease ATP lev els in heart cells was demon- 
strated by stud ies at the Uni ver sity of Graz in Aus tria. Sci en- 
tists from the de part ments of med i cal chem istry and phys i ol- 
ogy isolated heart cells and ex posed them to NADH. That is,
the NADH was added from out side these cells. Af ter an in cu- 
ba tion time of 4 hours, an in crease of NADH and ATP in side
the cells could be de tected.3

Fig ure 2.1. ATP level in heart cells be fore and af ter in cu ba tion with NADH.

These ex per i ments proved that NADH is able to get into the
cell by pass ing through the cell mem brane. Be fore this con clu- 
sive ex per i ment was per formed, all bio chem istry text books
stated that NADH can not dif fuse through the cell mem brane
and that all the NADH needed by the cell must be pro duced
ex clu sively in side the cell. NADH is taken up by the mi to chon- 
dria, the power plants of the cells, and there the re ac tion be- 
tween NADH and oxy gen oc curs, which leads to the pro duc tion
of ATP. These heart cell ex per i ments re vealed not only an in- 
crease of NADH in the cells but also an in crease of ATP when
the cells are ex posed to NADH. More NADH in the cell leads to
more ATP. By this process, the cell gains more en ergy and
func tions bet ter. This sen sa tional dis cov ery has enor mous im- 
pli ca tions for all or gans, in par tic u lar for the heart and the
brain.



NADH PRO TECTS AND RE PAIRS DNA

The in for ma tion cen ter of ev ery cell re sides in the DNA (de- 
oxyri bonu cleic acid), the ge netic blue print lo cated in the nu- 
cleus. As these com po nents are of ut most im por tance for the
cell, they are pro tected by “body guards”—big pro tein mol e- 
cules called his-tones, which bind to the DNA form ing a kind of
coat. Only dur ing cell di vi sion is this coat dis placed in or der for
the DNA to be able to repli cate.

Dur ing cell di vi sion or when the pro tec tive coat is dam aged,
the DNA can be al tered by in flu ences out side the cell, such as
ra di a tion, ozone, and chem i cal tox ins. The hu man body is con- 
stantly ex posed to all of these. It is im por tant to note that the
chem i cal in dus try pro duces more than 20,000 new chem i cals
ev ery year, of ten with out know ing how po ten tially toxic they
are. Most of them go into use with out be ing tested for their
tox i c ity.4 Her bi cides, in sec ti cides, clean ing prod ucts, and lac- 
quers are just a few of these prod ucts. Peo ple are ex posed
more than ever be fore to new po ten tially toxic sub stances and
their dam ag ing ef fects on the or gan ism are barely known.
These tox ins are taken up by the body and re act with the chro- 
mo somes in the nu cleus of the cell lead ing to al tered DNA. The
greater the dam age in the DNA, the more ex ten sive are the al- 
ter ations in the cells and in the tis sues.

These DNA mu ta tions are the bio chem i cal cause for nu mer- 
ous dis eases, such as can cer, ar te rioscle ro sis, im mun od e fi- 
cien cies, rheuma toid arthri tis, and di a betes.5 So, it is im per a- 
tive to pro tect the DNA and pre vent repli ca tion of al tered and
dam aged DNA. For ex am ple, if this oc curs with heart cells,
which con tract spon ta neously ev ery sec ond, they lose their
abil ity to do so. The con se quence is an in suf fi ciency in the
heart at the cel lu lar level. For tu nately, this is rarely the case—
only if the heart is in tox i cated by drugs such as dox oru bicin.
The cells from the in testi nal mu cosa are re newed ev ery 3–4
days; this fre quent rate of cell di vi sion rep re sents a much
higher risk for a DNA al ter ation and also a greater haz ard for
the de vel op ment of can cer.

As dam age to the DNA could lead to fa tal con se quences,
both mam malian and hu man cells have de vel oped a sys tem to
re pair al ter ations to their ge netic ma te rial. This so-called DNA



re pair sys tem is based on en zymes that are able to cor rect the
changes or er rors in the DNA.6 Dam aged DNA is com pa ra ble
to a zip per in which a cou ple of teeth are miss ing and there fore
does not work. The re pair en zymes in te grate the com po nents
ab sent in the al tered DNA. As an es sen tial co fac tor, these re- 
pair en zymes need NADH.7

Fig ure 2.2. Car cino gen dam age.

Sci en tists at the Uni ver sity of Guangzhou in China doc u- 
mented that dam aged DNA can be re paired by NADH. In one
ex per i ment, they used dox oru bicin, a toxic cy to static drug fre- 
quently used for can cer ther apy. Dox oru bicin dam ages DNA
but this is ac tu ally the ther a peu tic con cept of cy to static drugs
—to dam age the DNA of can cer cells so that they die off. How- 
ever, they do not act se lec tively on can cer cells but also dam- 
age nor mal cells. There fore, chemo ther apy causes side ef fects
and ad verse re ac tions un less nor mal cells can be pro tected.

This ap pears to be pos si ble. Cells were in cu bated with dox- 
oru bicin, which dam aged the DNA. Then the cells were treated
with NADH and the DNA dam age was re paired. The mech a- 
nism of re pair ap peared to be based on the ac tion of cer tain
pro teins, such as cy clin A, cy clin B1, p53, and Bcl-2, which all
play a cen tral role in the reg u la tion of cell di vi sion.8 NADH is
now be ing used as an ad junct ther apy with can cer pa tients to



pro tect the nor mal non-can cer ous cells from the dam ag ing ac- 
tion of chemo ther apy. NADH is also ca pa ble of pro tect ing cells
from apop to sis, also known as pro grammed cell death.9



NADH RE VI TAL IZES DAM AGED CELLS

NADH can re vi tal ize cells that have been dam aged by ex po- 
sure to ra di a tion. In one ex per i ment, liver cells were ex posed
to ex treme high-volt age x-rays, lead ing to such enor mous
dam age that these cells should not sur vive and would die
soon. When these se verely dam aged cells were in cu bated with
NADH, 70 per cent of the cells could be re paired and ren dered
fully func tional again. If the cells are ex posed to NADH be fore
they are ex posed to x-rays, NADH pro tects them against the
dam ag ing ef fect of the ra di a tion.10

The il lus tra tion be low shows elec tron mi cro scopic pic tures of
liver cells af ter ex po sure to ra di a tion, both be fore and af ter
treat ment with NADH. The up per left photo (A) shows nor mal
liver cells be fore ra di a tion. All the cell struc tures, such as the
nu cleus and par tic u larly the cell mem brane, ap pear in tact. Af- 
ter ra di a tion with x-rays, the cells look se verely dam aged (B
and C): the nu cleus ap pears al tered and the cell mem brane is
leaky and par tially de stroyed. Af ter in cu ba tion of the dam aged
cell with NADH, the cells ap pear nor mal (D), com pa ra ble to
pic ture A: the nu cleus and the cell mem brane seem to be in- 
tact as be fore the ra di a tion.

NADH has a sci en tif i cally proven, strong, and very spe cific
pro tec tive ef fect. It de fends the cells against the de struc tive in- 
flu ence of any kind of agent, such as ra di a tion, en vi ron men tal
pol lu tants, drugs, and chem i cals.11



Fig ure 2.3. Elec tron mi cro scopic pic tures of liver cells af ter ex po sure to ra di a tion, be‐ 
fore and af ter treat ment with NADH.



NADH IS A PO TENT AN TIOX I DANT

An an tiox i dant is a com pound that acts against ox i da tion. If
iron gets ox i dized, iron ox ide is formed, which most peo ple
know as rust. Ox i da tion is a phe nom e non we see in many ar- 
eas of our life. Fats such as but ter get ran cid and so do foods.
It is noth ing but ox i da tion. This same process hap pens to tis- 
sues in the body. While we need the oxy gen from the air to
sur vive, this oxy gen makes stuff rusty or ran cid. The op po site
of ox i da tion is re duc tion—a chem i cal com pound hav ing a
strong re duc ing power acts as a po tent an tiox i dant.

NADH has the high est re duc tion po ten tial of all bi o log i cal mol- 
e cules of a cell.12 There fore, it is one of the most po tent bi o- 
log i cal an tiox i dants. Other well-known an tiox i dants are vi ta mins
A, C, and E, as well as se le nium and glu tathione. Also, the en- 
zymes glu tathione per ox i dase and su per ox ide dis mu tase ex- 
hibit an tiox ida tive prop er ties in ev ery liv ing cell.13

The strong est en emy of an tiox i dants are free rad i cals. These
are ex tremely re ac tive mol e cules that at tack al most all com po- 
nents of the cells in our body. They al ter the lipid struc ture of
the cell mem brane, mak ing it leaky;14 as a con se quence, the
cell dies. Free rad i cals also at tack the DNA and pro teins, dam- 
ag ing en zymes in volved in meta bolic re ac tions. Im por tant cel- 
lu lar func tions be come im paired as a con se quence. Free rad i- 
cals are re garded as one of the causes of coro nary heart dis- 
ease, can cer, ar te rioscle ro sis, di a betes, and neu rode gen er a- 
tive dis eases (Parkin son’s and Alzheimer’s dis ease).15 Free
rad i cals can arise from x-rays, UV light, ozone, pol lu tion, toxic
met als, al co hol, and cy to static or an tibi otic drugs.

The hu man body has de vel oped a de fense sys tem ca pa ble of
de stroy ing these ag gres sive “cell de struc tors.” This an tiox ida- 
tive de fense shield is able to neu tral ize a cer tain amount of
free rad i cals. If our body is ex posed to too high amounts of
free rad i cals, this pro tec tive bar rier is over strained re sult ing in
dam age to tis sues and or gans. There fore, it is nec es sary to
sup ply the body with suf fi cient amounts of an tiox i dants to
strengthen the de fense shield against free rad i cals.

NADH re gen er ates the an tiox ida tive ca pac ity of other com po- 
nents in the cell. This func tion is par tic u larly im por tant for
coen zyme Q10 (CoQ10). This coen zyme plays an im por tant role



for the en ergy pro duc tion in the cell. How ever, CoQ10 needs
NADH to be trans formed into its ac tive, re duced form. If coen- 
zyme Q10 is not present in its re duced form, it does not act ei- 
ther in en ergy pro duc tion or as an an tiox i dant. CoQ10 is con- 
verted to its ac tive, re duced, form only in side the cell by
NADH. With out NADH, CoQ10 can not work, whereas NADH
does pro duce en ergy in the cells even with out CoQ10. Peo ple
tak ing choles terol-low er ing med i ca tions should be aware that
these drugs not only sup press the pro duc tion of choles terol but
also of CoQ10. A deficit of CoQ10 can cause cell death and de- 
struc tion of tis sue. If a physi cian rec om mends that you take
choles terol-low er ing drugs, you should al ways take CoQ10 as
an ad di tional sup ple ment and also NADH to ac ti vate the
CoQ10.

Fig ure 2.4. Pro tein car bonyl iza tion.



The an tiox ida tive ca pac ity of NADH was in ves ti gated at the
Uni ver sity of Graz, in Aus tria. This was not done ex per i men- 
tally in the test tube but with ac tual stu dents. In a dou ble-blind,
placebo-con trolled study with thirty-seven healthy stu dents at
the med i cal school, pa ram e ters in dica tive for dam ag ing ox ida- 
tive re ac tions (such as mal on di alde hyde) were mea sured in the
blood of the sub jects be fore and af ter in take of NADH. The
more mal on di alde hyde found in the blood, the more se vere is
the ox i da tion of the lipids in the tis sue. Af ter in take of NADH,
mal on di alde hyde lev els in the blood de clined.16 The ox i da tion
of LDL (so-called bad) choles terol is re garded as a trig ger for
ar te rioscle ro sis. Ox i dized LDL choles terol was also sig nif i cantly
re duced af ter in take of NADH.

Pro teins mod i fied by ox ida tive stress can be also used as an
in di ca tor for the ef fects of free rad i cals on our body. Pre lim i- 
nary stud ies in di cate that the mod i fi ca tion (“car bonyl iza tion”) of
these pro teins is highly el e vated af ter smok ing. Smok ers tak ing
NADH be fore each cig a rette have el e vated lev els of mod i fied
pro teins, but only about 25 per cent higher than that of non-
smok ers. Com pared to smok ers who didn’t take NADH, the
dam age of smok ing can be re duced by 75 per cent by tak ing
NADH orally.17 Based on this ob ser va tion, smok ers can pro tect
their body, par tic u larly their lungs, from much of the harm ful
ac tion of cig a rettes by tak ing NADH.



NADH LOW ERS CHOLES TEROL

In a dou ble-blind study, sci en tists at George town Uni ver sity, in
Wash ing ton, D.C., found that NADH low ers choles terol.18 One
group of rats was given a daily dose of NADH (5 mg) for eight
weeks, while an other group of rats re ceived a placebo. Two
months later, the level of to tal choles terol de creased by about
30 per cent and so did the con cen tra tion of LDL choles terol.

These find ings were con firmed in an other study by re- 
searchers at NU MICO, in the Nether lands. NU MICO is the pro- 
ducer of the baby food Milupa. In the study, rats were given
one tablet (5 mg) of NADH for eight weeks. The to tal choles- 
terol de creased by an av er age of 10 per cent. The sci en tists
also found that the con trac tion force of the aor tic ring near the
heart in creased af ter the NADH treat ment. This ob ser va tion in- 
di cates that NADH can strengthen the power of the heart mus- 
cle as well as that of the aorta.

At this time, we have no in sight into the mech a nism by which
NADH low ers choles terol. How ever, this coen zyme could cer- 
tainly be one of the best and safest choles terol-low er ing com- 
pounds and, as a bi o log i cal sub stance, free of side ef fects.



NADH LOW ERS HIGH BLOOD PRES SURE

Many of my pa tients tak ing NADH on a reg u lar ba sis have re- 
ported that their blood pres sure was lower than be fore tak ing
this coen zyme. These hints spurred us to look fur ther into this
blood pres sure-low er ing ef fect of NADH. A study was or ga- 
nized at George town Uni ver sity with spon ta neous hy per ten sive
rats. These an i mals de velop high blood pres sure very early in
life and are used reg u larly for test ing an ti hy per ten sive drugs.
The re searcher at George town mea sured the blood pres sure
of the rats be fore and eleven weeks af ter giv ing the rats NADH
(5 mg per day). Blood pres sure de creased by 10 per cent af ter
the NADH treat ment, whereas the an i mals re ceiv ing the
placebo did not show a de cline.19



NADH BOOSTS THE IM MUNE SYS TEM

The im mune sys tem is com posed of the cel lu lar and the hu- 
moral sys tem. The first is based on the ac tiv ity of spe cific white
blood cells: T-lym pho cytes, B-lym pho cytes, and macrophages.
Macrophages are re spon si ble for the di rect elim i na tion of bac- 
te ria, viruses, and other for eign bod ies. They take them up and
de grade them, a process com pa ra ble to eat ing and di ges tion,
which is why they are called phago cytes.

The first step in the elim i na tion of bac te ria is the per tur ba tion
of the plasma mem brane of the phago cyte cells. As a con se- 
quence, the meta bolic ac tiv ity is markedly in creased, in clud ing
the oxy gen con sump tion within the cells. Most of the oxy gen is
con verted to su per ox ide and hy dro gen per ox ide.20 This phe- 
nom e non, known as the meta bolic burst, ap pears to be the
first and most crit i cal step lead ing to the de struc tion of the in- 
vader. Dur ing this meta bolic burst and in the cy to toxic (cell
killing) ac tiv ity of the macrophages, high amounts of NADH are
used. The log i cal con clu sion is that the more NADH the body
has avail able, the bet ter the cel lu lar im mune sys tem works.
The stim u la tory ef fect of NADH on the im mune sys tem has
been demon strated with hu man white blood cells—that is, their
func tion can be op ti mized by NADH.

Lym pho cytes and macrophages send out sig nals to each
other, com mu ni cat ing how and where they should be come ac- 
tive. The sig nals are based on the ac tion of pro teins called cy- 
tokines, which trans mit the in for ma tion from one cell type to
the other (for ex am ple, from T-lym pho cytes to B-lym pho cytes).
These mes sen ger sub stances in clude var i ous in ter leukins and
in ter fer ons to es tab lish the com mu ni ca tion be tween the white
blood cells.

In col lab o ra tion with a re search group at the Uni ver sity in
Berlin, we found NADH to stim u late the biosyn the sis of in ter- 
leukin-6 above the nor mal con cen tra tion in a dose-de pen dent
man ner.21 A num ber of sci en tific pub li ca tions in di cate a pro tec- 
tive ef fect of in ter leukin-6 on nerve cells dam aged in var i ous
ways. In cer tain neu rode gen er a tive dis eases, such as
Alzheimer’s dis ease, Parkin son’s, and mul ti ple scle ro sis, the
con cen tra tion of in ter leukin-6 is con sid er ably re duced. So,



NADH may be a use ful tool to over come this short age of in ter- 
leukin-6.



NADH STIM U LATES ADREN A LINE AND DOPAMINE

The first in di ca tions that NADH had a stim u la tory ef fect on
adren a line and dopamine biosyn the sis were de rived from stud- 
ies in volv ing pa tients with Parkin son’s dis ease in the late
1980s. Parkin son’s dis ease is char ac ter ized by three ma jor
symp toms: tremor, rigid ity, and aki ne sia (im mo bil ity). The bio- 
chem i cal cause of this dis ease is a lack of dopamine pro duc- 
tion in a spe cific area of the brain. Dopamine is a neu ro trans- 
mit ter es sen tial for the co or di na tion of mo bil ity and move ment.
Neu ro trans mit ters are sig nal mol e cules that trig ger cer tain re- 
ac tions in nerve cells.

Mo bil ity im proved con sid er ably in the first ap pli ca tion of
NADH in a Parkin so nian pa tient. Be fore the NADH in fu sion, the
pa tient had dif fi cul ties in get ting up from his chair and could
only walk in small, trip ping steps. One hour af ter NADH in fu- 
sion (20 mg), the pa tient could get up from his chair with out
any prob lems, could walk nor mally, and could even jump. This
was the very first hint that NADH stim u lates dopamine biosyn- 
the sis in the brain. A cou ple of years later, this NADH ef fect
was proven on iso lated nerve cells.22 In these ex per i ments,
NADH was added to the liq uid so lu tion in which the nerve cells
had been grown. The re sult was a dose-de pen dent in crease in
dopamine pro duc tion (up to a six fold in crease). In ad di tion, an
el e va tion in the ac tiv ity of ty ro sine hy drox y lase—the en zyme
re spon si ble for dopamine biosyn the sis—was also ob served.

These find ings were con firmed by stud ies at the Uni ver sity in
Paris. French sci en tists in jected NADH daily into rats. Then,
they de ter mined the con cen tra tion of dopamine and no ra- 
drenaline in spe cific ar eas of the brain, both be fore ad min is tra- 
tion of NADH and four weeks af ter the daily in jec tions be gan.
Af ter four weeks, they found a 40 per cent in crease of
dopamine and no ra drenaline lev els in spe cific brain ar eas.23



Fig ure 2.5. Dopamine lev els be fore and four weeks af ter NADH.

NADH leads also to an in crease in blood dopamine lev els in
healthy in di vid u als. This was shown with pro fes sional ath letes
who took NADH (5 mg per day) for four weeks. The dopamine
level in creased by an av er age of 50 per cent in all ath letes, and
no ra drenaline lev els also in creased in all but two of the ath- 
letes. Based on these find ings, NADH can have a pos i tive ef- 
fect on all phys i o log i cal func tions trig gered by dopamine and
adren a line. These in clude mo bil ity, co or di na tion, power, alert- 
ness, and cog ni tive pro cesses, as well as mood and sense of
well-be ing.

Dopamine also has a sub stan tial in flu ence on sex ual be hav- 
ior, par tic u larly on li bido. Be cause Parkin so nian pa tients suf fer
from a lack of dopamine, many pa tients com plain about dis tur- 
bance in their sex drive, such as lack of or gasm and ejac u la- 
tion prob lems.24 NADH may be use ful in help ing pa tients over- 
come these dif fi cul ties. The stim u la tory ef fect of NADH on li- 
bido has been con firmed by many Parkin son’s pa tients who
have taken NADH reg u larly for a long pe riod of time.

Fur ther more, dopamine low ers the se cre tion of pro lactin and
re duces ap petite. The higher the dopamine level, the lower the
ap petite. This ef fect may have some im por tance for over weight
peo ple, as NADH can be taken as a di etary sup ple ment. The
pos i tive in flu ence of dopamine on the se cre tion of hu man



growth hor mone should also be men tioned. This hor mone
plays a key role in the re gen er a tion of cells and tis sues.25



NADH AND NI TRIC OX IDE (NO)

Ni tric ox ide (NO) was de tected in the hu man body only a few
years ago. NO has a num ber of func tions in the body. It trans- 
mits in for ma tion from one nerve cell to an other, thus act ing as
a neuro-trans mit ter.26 NO also in flu ences the im mune sys tem
and in hibits the ag gre ga tion of the blood platelets, which seal
dam aged blood ves sels and stop bleed ing. Ag gre ga tion of
blood platelets in a vessel can lead to cir cu la tion block age; if
this hap pens in the brain, a stroke is the con se quence. Sub- 
stances such as ni tric ox ide, which in hibit ag gre ga tion, may be
a use ful tool for the pre ven tion of stroke or heart at tack. One
of the other im por tant phys i o log i cal ef fects of NO is the re lax- 
ation and di lata tion of blood ves sels.27 Due to this phe nom e- 
non, all or gans get more blood—more blood means more oxy- 
gen, more nu tri ents, and a bet ter func tion ing of the cells.

Ni tric ox ide is formed in the cells from the amino acid argi nine
by the en zyme ni tric ox ide syn thase.28 The coen zyme of the
ni tric ox ide syn thase is NADH, so the more NADH the body
has avail able, the more NO can be formed. Need less to say, a
suf fi cient amount of argi nine must be present as well. (An argi- 
nine de fi ciency in the body can be over come by tak ing this
amino acid in pure form as a di etary sup ple ment.) Re searchers
from the Uni ver sity of Ohio found that NADH can stim u late the
for ma tion of NO in the cells in a dose-de pen dent man ner. They
found that NADH pro motes NO pro duc tion more than any
other sub stance.

In ad di tion to its ef fects on ni tric ox ide, NADH func tions as
sen sor of blood flow in the brain, mus cles, and other tis sues,
par tic u larly when the or gans are ac tive and need more oxy gen.
The mech a nism of this ac tion is reg u lated by oxy gen and ni tric
ox ide.29 The blood ves sel–re lax ing ef fects of NO in duced by
NADH has med i cal rel e vance for angina, asthma, and mi- 
graines. Also, the re pro duc tive or gans of men and women ben- 
e fit from the greater blood sup ply trig gered by NADH.30
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Sup ple ment ing with NADH

ased on the var i ous phys i o log i cal ef fects of NADH, de- 
scribed in the last chap ter, men and women are bet ter

pro tected against health prob lems the more NADH they
have avail able in their bod ies. Can we in crease the NADH
con tent in the body? Yes, we can as safe and ef fec tive
NADH sup ple ments are now avail able.



DE VEL OP MENT OF AN NADH SUP PLE MENT
Af ter many years of ex ten sive re search, I suc ceeded in de- 
vel op ing a for mu la tion in which NADH is sta bi lized and ab- 
sorbable by the in testi nal tract. NADH as the bi o log i cal
form of hy dro gen is very re ac tive—it is ox i dized to NAD
rapidly by air and oxy gen. This was one of the rea sons why
NADH had never pre vi ously been con sid ered for ther a peu- 
tic ap pli ca tion.

In 1987, my late fa ther, Pro fes sor Walther Birk mayer, in- 
fused NADH into a pa tient with Parkin son’s dis ease. The
ther a peu tic ef fect was in stan ta neous and im pres sive: the
pa tient, who had prob lems even get ting up from his chair
and walk ing, could do so only an hour af ter re ceiv ing
NADH. This was the very first in jec tion of NADH and re- 
vealed that it could be used ther a peu ti cally.

Based on this ob ser va tion, a cou ple of hun dred Parkin so- 
nian pa tients were treated by NADH in fu sions. How ever,
this treat ment was pos si ble only in our clinic, the Birk mayer
In sti tute for Parkin son Ther apy, in Vi enna. The many pa- 
tients com ing from abroad had no ac cess to NADH in fu- 
sions when they went back home. So, many of these pa- 
tients ex pressed the de sire to have NADH avail able as a
tablet. This started me on the path to de velop an oral form
of NADH.

The de vel op ment of oral NADH tablets turned out to be
much more dif fi cult than I had orig i nally thought. It took al- 
most five years un til I found a for mu la tion in which NADH is
sta ble. The rea son for these dif fi cul ties was the hy dro gen
in NADH, which ren ders it un sta ble. It ap peared al most im- 
pos si ble to make a tablet in which NADH is sta ble for more
than two years, the pre req ui site pe riod for ap proval of a
sub stance as a drug.

In the first ex per i ments, I blended NADH with lac tose, the
most com monly used filler for tablet com pres sion. The
pow der was then com pressed into tablets. Four weeks
later, we an a lyzed the NADH con tent and found no NADH
in the NADH-lac tose tablets! Ob vi ously, the NADH had re- 



acted with the lac tose (even in the dry pow der form of the
tablet). Af ter months of search ing for an other filler ma te rial,
we found one that worked—man ni tol. Man ni tol is a nat u ral,
non toxic sugar al co hol that is used as sweet ener in a num- 
ber of food prod ucts, such a chew ing gum or lozenges.
NADH did not re act with man ni tol and the sta bil ity of NADH
could be ex tended con sid er ably, but not long enough to ful- 
fill the min i mum two-year re quire ment. Af ter a se ries of
time-con sum ing ex per i ments, I found an ad di tional sta bi- 
lizer for NADH: sodium bi car bon ate (bak ing soda), at a dis- 
tinct con cen tra tion, ren ders NADH sta ble for more than two
years.

For this spe cial for mu la tion of NADH with man ni tol and
bak ing soda, I ob tained a num ber of in ter na tional patents.1
In or der to re ceive patents for the sta bi liza tion of NADH in
tablet form, we had to doc u ment the proof for it to the
patent of fice. The NADH con tent in the tablets was an a- 
lyzed and re sults con firmed the NADH con tent re mained
un changed af ter two years.2



BIOAVAIL ABIL ITY OF NADH
A num ber of crit i cal bio chemists raised doubts about
whether NADH can be ab sorbed at all by the in testi nal
tract. They ar gued that NADH is ox i dized and de graded be- 
fore be ing ab sorbed. In a doc toral the sis for the Free Uni- 
ver sity, in Berlin, sci en tific evidence was ob tained that
NADH taken orally pen e trates the in testi nal mu cosa un de- 
graded and reaches the blood cir cu la tion.3 Phar ma coki netic
in ves ti ga tions re cently per formed on NADH have con firmed
the pre vi ous study show ing that NADH is ab sorbed in the
gut.4

NADH is also ab sorbed by the oral mu cosa if the tablet is
dis solved un der the tongue. The bioavail abil ity of NADH af- 
ter sub lin gual ap pli ca tion was proven us ing laser-in duced
flu o res cence. When a rat re ceives an NADH tablet un der
the tongue, a sig nif i cant in crease of the NADH flu o res- 
cence in the brain cor tex of the an i mal can be mea sured
15 min utes af ter ap pli ca tion.5

These re sults also show that NADH can pass the blood-
brain bar rier. More NADH in the brain means more ATP en- 
ergy and bet ter cog ni tive per for mance. The in crease in
ATP pro duc tion in the brain, and the meta bolic pro cesses
trig gered by it, rep re sent the ba sis for the ther a peu tic ef- 
fect with neu rode gen er a tive dis eases such as Parkin son’s
dis ease, Alzheimer’s dis ease, and mul ti ple scle ro sis.



NADH DOSAGE
The max i mum tol er a ble dose (MTD) is the amount of sub- 
stance that can be tol er ated by a re ceiver with out symp- 
toms of in tox i ca tion or per sist ing dam age to health. For de- 
ter min ing the max i mum tol er a ble dose, NADH was given
in tra venously in in creas ing doses to rats. The MTD of
NADH was found to be 500 mg per kilo gram of body
weight. If this value is ad justed for a per son weigh ing 70
kilo grams (154 pounds), the amount is 35,000 mg (35
grams). This cor re sponds to a vol ume of 5 ta ble spoons of
NADH (or 3,500 tablets con tain ing 10 mg of NADH) that
could be taken with out com plaints or harm ful ef fects.6

Tests for sub a cute tox i c ity lev els of NADH, per formed in
bea gle dogs, found that af ter four teen days of daily oral
doses of 150 mg/kg of NADH, no changes in the or gans
and tis sues of the dogs were de tected. That means a 10-
kg (22 pound) dog can tol er ate 150 tablets per day of 10-
mg NADH. Health au thor i ties also re quest data on long-
term (over a pe riod of six months) ob servations for po ten- 
tial side ef fects (chronic tox i c ity stud ies). In these stud ies,
rats given one tablet (5 mg) per day of NADH for six
months showed no changes, ei ther macro scop i cally nor mi- 
cro scop i cally, com pared to an i mals re ceiv ing a placebo.7

Cal cu lat ing the equiv a lent daily dose for a hu man (70 kg
body weight), an amount of 1050 mg is ob tained. Di vided
by the NADH con tent of one tablet (10 mg), the num ber of
tablets that a per son could take on a daily ba sis for twenty-
six weeks (half a year) with out any harm is 105 per day.
Based on this sci en tif i cally proven, enor mously high tol er- 
ance, NADH is cer tainly one of the safest di etary sup ple- 
ments, much safer than many mul ti vi ta mins, min er als, or
trace el e ments.

A healthy per son should take 2 tablets per day as an en- 
er giz ing po tion and as pre ven tion for ail ments. The tablets
should be taken on an empty stom ach with a glass of wa ter
about 20 min utes be fore a meal or 2 hours af ter a meal.
Ac cord ing to our ex pe ri ence, el derly peo ple pre fer to take



the NADH tablets first thing in the morn ing, while younger
folks take it in the early af ter noon to keep the en ergy boost
go ing longer in the day. There is no harm when the tablets
are taken with meals. How ever, the NADH may re act with
the food and may re duce the ef fi cacy of it to a cer tain ex- 
tent. Peo ple with fa tigue or re cov er ing from an ail ment
should take at least 4 NADH tablets per day, two in the
morn ing and two in the early af ter noon.



SIDE EF FECTS WITH NADH
The patented NADH for mu la tion that I de vel oped has been
mar keted as a di etary sup ple ment in the United States for
al most ten years and many Amer i cans have taken this
prod uct reg u larly dur ing that time. Up to now, the com pa- 
nies sell ing our NADH prod uct in the U.S. have not re- 
ceived any re port about a side ef fect.

Po ten tial side ef fects must be doc u mented in all clin i cal
tri als. Stud ies with NADH have been per formed at a num- 
ber of re search in sti tu tions, in clud ing George town Uni ver- 
sity, Wash ing ton, D.C.; Cor nell Uni ver sity, New York; In sti- 
tute for Sports Medicine, Uni ver sity of Freiburg, Ger many;
Birk mayer In sti tute for Parkin son Ther apy, Vi enna, Aus tria;
First Mil i tary Uni ver sity, Guangzhou Hos pi tal, China; and
In sti tute for Med i cal Chem istry, Uni ver sity of Graz, Aus tria.
No side ef fects have been ob served dur ing all of these
stud ies. For ex am ple, in the study per formed at the Uni ver- 
sity of Freiburg, highly con di tioned ath letes were tak ing 30
mg of NADH per day for one month. Even at this dose,
which is four times the rec om mended daily dose of 7.5 mg
of NADH, no side ef fects were ob served.

Dur ing the clin i cal study per formed at George town Uni- 
ver sity, which in volved pa tients suf fer ing from chronic fa- 
tigue syn drome, they con tin ued with their other daily med i- 
ca tions. Many of those pa tients were tak ing blood pres sure
med i ca tion, anti-al lergy medicine, an tide pres sants, blood
thin ners, or choles terol-low er ing drugs. The physi cians ex- 
am in ing the CFS pa tients did not re ceive re ports that
NADH had in ter acted with, or al tered the ef fect of, the
drugs they were tak ing. Fur ther more, the more than
10,000 con sumers of NADH, who were reg u larly tak ing
med i ca tions pre scribed by their physi cians, have not re- 
ported any in flu ence of NADH on the ef fect of their med i ca- 
tion.
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NADH and Dis ease Treat ment

ADH has proven use ful in treat ing a num ber of con di- 
tions, in clud ing Parkin son’s dis ease, de pres sion, chronic

fa tigue syn drome, Alzheimer’s de men tia, can cer, strokes,
and di a betes.



PARKIN SON’S DIS EASE

The story of NADH as a new ther a peu tic ap proach is in tri- 
cately linked to my late fa ther, Pro fes sor Walther Birk mayer.
In 1987, he used NADH for the first time as an in tra venous
in fu sion in a pa tient with Parkin son’s dis ease. His med i cal ca- 
reer be gan at the end of World War Two. In Vi enna, he be- 
came chief physi cian at the Hos pi tal for the Brain In jured
(Wiener Hirn ver let zten-Lazarett), where he saw over 3,000
brain-in jured pa tients. He con cluded that brain dam age leads
to a dis pro por tion of cer tain neu ro trans mit ters. These sub- 
stances trans mit in for ma tion from one nerve cell to an other
and can trig ger symp toms and al ter ations in be hav ior.

Anal o gous changes in the bal ance of the neu ro trans mit ters
adren a line, dopamine, and sero tonin were found in the brains
of Parkin so nian pa tients. In 1957, Pro fes sor Arvid Carls son
dis cov ered that mo bil ity and phys i cal power in an i mals was
re lated to the neu ro trans mit ter dopamine: the higher the con- 
cen tra tion of dopamine in the body, the greater the vigor and
mus cle tone. Dr. Carls son demon strated this phe nom e non
with a sim ple ex per i ment. He with drew dopamine from rab bits
by in ject ing them re ser pine, a med i ca tion used at that time
for re duc ing blood pres sure. The lack of dopamine changed
the be hav ior of these an i mals—they hung their ears and were
slack and weak. Then, he in jected them with dopamine and in
sec onds the rab bits stretched their ears and were back on
track, full of vigor and ten sion.1 Based on his ob ser va tions,
Dr. Carls son pos tu lated that dopamine played a role in
Parkin son’s dis ease. For his re search in the field of neuro-
trans mit ters, Dr. Carls son was awarded the No bel Prize for
Medicine and Phys i ol ogy in 2000.

From Dr. Carls son’s re search, my fa ther de duced that
Parkin so nian pa tients had a dopamine de fi ciency in the brain,
and he was con vinced that this deficit caused the symp toms
of the dis ease. If true, Parkin son’s symp toms, such as rigid ity
and im paired mo bil ity, should im prove by in ject ing dopamine.
Dopamine is a neu ro trans mit ter re spon si ble for mus cle tone,
ten sion, and phys i cal strength, as well as for emo tions in clud- 
ing sex drive (li bido).



The con trol cen ter for move ment, co or di na tion, and power
of the body is lo cated in the black sub stance (sub stan tia ni- 
gra), a pea-sized tis sue in the basal part of the brain. The
char ac ter is tic symp toms of Parkin son’s dis ease are rigid ity,
tremors, and im mo bil ity. These symp toms be come ob vi ous
only af ter half of the black sub stance in the brain is al ready
de stroyed and the pro duc tion of dopamine has de clined by at
least 50 per cent. Trem bling is the first hint with many Parkin- 
so nian pa tients.



Re search Break throughs
in the Treat ment of Parkin son’s

In 1961, my fa ther in jected L-DOPA (L-di hy drox ypheny lala- 
nine) for the first time in a Parkin so nian pa tient who was bed-
rid den and un able to get up. A few min utes af ter the in fu sion,
the pa tient could get up from bed and walk. L-DOPA was in- 
jected rather than the miss ing dopamine be cause dopamine
can not pass the blood brain-bar rier. L-DOPA, on the other
hand, gets into the brain where it is trans formed into
dopamine.2 This was the first ther a peu tic use of L-DOPA for
Parkin son’s dis ease. A year later, a neu rol o gist from Canada,
An dré Bar beau, con firmed the ef fect of L-DOPA for Parkin- 
son’s symp toms.3 This was the be gin ning step in the de vel op- 
ment of the now clas si cal Parkin son’s ther apy us ing L-DOPA.

How ever, the en thu si asm for the im pres sive ef fects of
LDOPA was dis turbed by the rel a tively short pe riod of its ac- 
tion. The L-DOPA in jec tion worked for only about 15–30 min- 
utes, too short to es tab lish a ther a peu tic con cept from it. The
rea son of this short du ra tion was the en zyme L-DOPA de car- 
boxy lase, which de grades L-DOPA to dopamine very rapidly
in the body, be fore a suf fi cient amount of it can reach the
brain.

Pro fes sor Al fred Pletscher, head of re search and de vel op- 
ment at Hoff man La Roche at that time (1965), of fered my
fa ther a sub stance that he claimed was an in hibitor of L-
DOPA de car boxy lase. He in jected this sub stance, Benser- 
azide from Roche, and found that it ex tended the du ra tion of
the L-DOPA ef fect from a few min utes to half a day. But how
could an in hibitor of an en zyme, which di min ishes dopamine
pro duc tion, lead to an ex ten sion of the ben e fi cial ef fect of L-
DOPA? It was dis cov ered that Benser azide can not pass the
blood-brain bar rier, so it only in hibits the en zyme present out- 
side the brain.4 By in hibit ing the trans for ma tion of LDOPA to
dopamine only in the body, more L-DOPA reaches the brain,
caus ing a longer last ing ef fect.

Fur ther re search about L-DOPA re vealed that dopamine ex- 
hibits its ac tion via a re cep tor, the sen si tiv ity of which
changes ac cord ing to its en vi ron ment. If only a few dopamine



mol e cules are present in the vicin ity of the re cep tor, its sen si- 
tiv ity be comes very high. It re acts to minute amounts with an
ac tion. High con cen tra tions of dopamine ren der the re cep tor
more in sen si tive. This phe nom e non rep re sents a gen eral bi o- 
log i cal feed back mech a nism to pro tect re cep tors from too
high a stim u lus. The new com bi na tion of L-DOPA and the de- 
car boxy lase in hibitor al lowed higher con cen tra tions of L-
DOPA to reach the brain, yet this in creased level caused a
re duced sen si tiv ity of the dopamine re cep tor. As a con se- 
quence, the ac tion of L-DOPA be came weaker, par tic u larly
when pa tients were tak ing higher doses and for a longer pe- 
riod of time. The trans mis sion of the sig nals trig ger ing move- 
ments in the body did not func tion in the way wanted by the
pa tient.

Re searchers dis cov ered sub stances that were ca pa ble of
in creas ing the sen si tiv ity of dopamine re cep tors, called
dopamine re cep tor ag o nists. Some of these dopamine ag o- 
nists have been used with Parkin so nian pa tients and im- 
proved their symp toms, par tic u larly in those pa tients treated
with rel a tively high doses of L-DOPA. The main draw back of
dopamine re cep tor ag o nists is that cer tain ag o nists in hibit ty- 
ro sine hy drox y lase, the key en zyme for the biosyn the sis of L-
DOPA. This en zyme is al ready re duced in the brains of
Parkin so nian pa tients. If the low ac tiv ity of this en zyme is fur- 
ther re duced by dopamine ag o nists, the symp toms in ten sify.

Dopamine is fur ther pro cessed by the en zyme monoamine
ox i dase (MAO). So, in hibit ing MAO should re sult in an in- 
crease of dopamine in the brain. Var i ous MAO in hibitors im- 
proved the symp toms of pa tients suf fer ing from de pres sion,
yet they were in ef fec tive for Parkin son’s dis ease. In 1974,
Joseph Knoll, pro fes sor of phar ma col ogy at Sem mel weiss
Uni ver sity, in Bu da pest, de vel oped a sub stance he called L-
De prenyl, which in hib ited monoamine ox i dase type B (MAO-
B). This par tic u lar type of monoamine ox i dase de grades
dopamine. If L-De prenyl was spe cific and ef fec tive for this
en zyme, it should slow down the me tab o lism of dopamine in
the brain and mit i gate the symp toms of Parkin son’s pa tients.

My fa ther started to treat Parkin so nian pa tients with LDe- 
prenyl and it showed re mark able ben e fi cial ef fects, par tic u- 
larly with pa tients who were un der long-term L-DOPA treat- 



ment. De prenyl re duced the fluc tu a tions in the pa tient’s con- 
di tion: those re ceiv ing De prenyl to gether with L-DOPA ex hib- 
ited a more pro nounced im prove ment of their symp toms. Pa- 
tients lived longer when tak ing De prenyl than those who re- 
ceived L-DOPA alone.5 In 1981, re searchers from Mount
Sinai Uni ver sity, in New York, found that De prenyl alone im- 
proves the symp toms of Parkin son’s, par tic u larly in the early
stages of the dis ease.6



A New Ap proach in Parkin son’s Ther apy—NADH

The ther a peu tic con cepts for Parkin son’s dis ease dis cussed
so far are based on the sub sti tu tion of the miss ing dopamine
by L-DOPA. This lack of dopamine arises be cause ty ro sine
hy drox y lase, the en zyme that pro duces dopamine in the
brain, ex hibits greatly re duced ac tiv ity in Parkin so nian pa- 
tients. The co-fac tor of this en zyme is tetrahy dro biopterin,
which is also di min ished in Parkin son’s pa tients. For the for- 
ma tion of tetrahy dro biopterin, the cell needs a fur ther coen- 
zyme, namely NADH; NADH also ac ti vates ty ro sine hy drox y- 
lase. Be cause of these ac tions, stud ies have found that
NADH in creases the pro duc tion of dopamine up to six fold in
cul tures of nerve cells.7

On the ba sis of the ac tions of NADH on the biosyn the sis of
dopamine, I sug gested to my fa ther that he con sider NADH
as a new ther a peu tic con cept for Parkin son’s dis ease. NADH
had been avail able in pure form for decades for use in di ag- 
nos tic blood tests. Its ther a peu tic ap pli ca tion, how ever, had
never been con sid ered, be cause the sci en tific com mu nity
was con vinced that NADH was too re ac tive and would de- 
grade too rapidly. Per son ally, I was con vinced that NADH
would cause a pos i tive ef fect and I gave my fa ther an am pule
of pure NADH. He gave the NADH (20 mg) in tra venously to a
Parkin son’s pa tient who had suf fered from the dis ease for a
cou ple of years. The pa tient had dif fi culty get ting out of his
chair and could only walk in small clumsy steps. One hour af- 
ter the NADH in fu sion, he could get up with out prob lems and
could even jump. This was in May 1987.

The logic be hind this ap proach was to stim u late the biosyn- 
the sis of dopamine in the brain by us ing NADH.8 The ba sic
dif fer ence with the sub sti tu tional ther apy us ing L-DOPA was
the abil ity to stim u late the pro duc tion of the lack ing
dopamine.

Based on the these en cour ag ing ef fects of NADH, we
treated many Parkin so nian pa tients by in fus ing NADH in tra- 
venously. Af ter the first 130 pa tients, we con cluded that
NADH led to an im prove ment of symp toms in over 90 per- 
cent, par tic u larly in creases in mo bil ity and en ergy. Also, the



phases of good mo bil ity as well as the al le vi a tion of de- 
pressed mood, fre quently ob served with Parkin son’s pa tients,
were longer last ing.9 Af ter treat ing 425 pa tients with NADH,
these re sults were con firmed: in 88–90 per cent of pa tients,
mood, pos ture, mo bil ity, punch ing force, and the ar tic u la tion
of speech im proved.

Many of the pa tients asked why NADH was not avail able in
tablet form. My fa ther con veyed his pa tient’s wish to me and
re quested that I de velop NADH tablets as soon as pos si ble.
As al ready dis cussed, this turned out to be a real chal lenge.
My fa ther was a world-renowned Parkin son’s dis ease spe cial- 
ist and re ceived pa tients from all over the world for NADH in- 
fu sions. How ever, this ther apy was fea si ble only at our clinic,
the Birk mayer In sti tute for Parkin son’s Ther apy, in Vi enna.
Thus, pa tients from abroad were frus trated that they could
not re ceive NADH in fu sions at home. Fur ther more, they did
not want to visit a clinic ev ery two weeks for fur ther NADH
treat ment.

As soon as we had NADH tablets avail able, we started us- 
ing it for treat ing Parkin so nian pa tients. In one year, 480 pa- 
tients were treated with NADH tablets: 85 per cent showed a
sig nif i cant im prove ment in the Parkin son dis abil ity rat ing scale
(be tween 10 and 60 per cent) af ter just 2–4 weeks. The im- 
prove ments seen with oral NADH were com pa ra ble to those
with the in tra venous form. The only dif fer ence was the du ra- 
tion of the ef fect. Af ter in fu sion of NADH, a ben e fi cial ef fect
was ob served within thirty min utes, but the tablets took two
hours. How ever, the tablets’ ben e fi cial ef fects were longer
last ing.10



DE PRES SION

De pres sion is the gen eral term for a de te ri o ra tion of well-be- 
ing, of mood and the joy of life. The eco nomic dam age
caused by de pres sive dis eases has been es ti mated at $40–
77 bil lion in the United States. And de pres sion is be com ing a
world wide epi demic. The so-called “burn-out syn drome” is an- 
other term for a de pres sion caused by phys i cal and men tal
ex haus tion. The main symp toms of de pres sion are:
• Lack of en ter prise
• Feel ings of the fu til ity of life
• Lack of in ter est
• Re duced li bido
• Lack of en joy ment
• Con sti pa tion
• Lack of con cen tra tion
• Gen eral pes simism
• Re duced per for mance
• Self-re proach
• Loss of sleep
• Anx i ety
• Loss of ap petite
• Sui ci dal ten den cies
• Low drive
• Hypochon dria

Cer tain neu ro trans mit ters such as adren a line, dopamine,
and sero tonin play a key role as the bio chem i cal cause in the
de vel op ment of de pres sion. The level of these neu ro trans mit- 
ters is gen er ally low in the brain of de pressed peo ple. Due to
this, their bi o log i cal func tions are di min ished as well. The
most im por tant func tions of no ra drenaline, dopamine, and
sero tonin are listed be low.

PHYS I O LOG I CAL FUNC TIONS OF NO RA DRENALINE
HIGH LEV ELS LEAD TO: LOW LEV ELS LEAD TO:
High blood pres sure Low blood pres sure



High heart pulse rate Lower pulse rate
Mus cle cramps Slack pos ture
Sleep less ness Lack of ini tia tive
Ag i tated be hav ior Fa tigue and ap a thy
Rest less ness

PHYS I O LOG I CAL FUNC TIONS OF DOPAMINE
HIGH LEV ELS LEAD TO: LOW LEV ELS LEAD TO:
In vol un tary chor eic move ments Slow move ments (hy poki ne sia)
Com pul sive move ments Phys i cal fa tigue
Emo tional hy per ac tiv ity Leaned pos ture
Tonic mus cle cramps Weari ness
Ten dency to anorexia

PHYS I O LOG I CAL FUNC TIONS OF SERO TONIN
HIGH LEV ELS LEAD TO: LOW LEV ELS LEAD TO:
El e vated ap petite Sleep dis tur bances
Weight gain Slack pos ture
Sleepi ness In ac tiv ity
De pressed mood In tro ver sion
Di ar rhea
Slow ing of cog ni tive
per for mance
Loss of drive

NADH stim u lates the biosyn the sis of these neu ro trans mit- 
ters. Since de pressed peo ple have a deficit of no ra drenaline,
dopamine, and sero tonin in the brain, it ap peared a rea son- 
able ap proach to treat pa tients suf fer ing from de pres sion with
NADH to im prove their symp toms. From 1990 to 1992, 205
de pressed pa tients were treated with NADH at our clinic in Vi- 
enna in an open la bel clin i cal study. The pa tients re ceived
NADH (10 mg per day) ei ther in tra venously, in tra mus cu larly,
or in tablet form for a pe riod of six months. At the end of the
study pe riod, 93 per cent of the pa tients ex pe ri enced an im- 
prove ment of their symp toms (up to 44 per cent in the de- 
pres sion rat ing scale). A num ber of pa tients ob served an al le- 
vi a tion of their mood af ter only five days of NADH treat ment;
oth ers im proved af ter four weeks.11 No side ef fects were re- 
ported.



In the mean time, a cou ple of thou sand pa tients suf fer ing
from de pres sion, the ma jor ity of them in the United States,
have been tak ing NADH tablets for an even longer pe riod of
time. They all re ported ben e fi cial ef fects on their phys i cal and
men tal ex haus tion. The an tide pres sant ef fect of NADH was
con firmed in a study with rats. Rats de velop de pres sive
symp toms, re flected by their ob vi ous in ac tiv ity and their
swim ming abil i ties, which de cline strongly. The “swim tests”
for rats is a stan dard ized, gen er ally ac cepted way to study
their de pres sive be hav ior. Us ing this test sys tem, NADH led
to an im prove ment of ac tiv ity in the rats, which ex hib ited an
in creased readi ness to per form the swim test.12



CHRONIC FA TIGUE SYN DROME

Chronic fa tigue syn drome (CFS) is char ac ter ized by ex treme
ex haus tion and in abil ity to work.13 In Eu rope, CFS is bet ter
known as myal gic en cephalomyeli tis (ME).14 This dis ease is
char ac ter ized by var i ous symp toms and com plaints not nec- 
es sar ily re lated. World wide, a cou ple of hun dred mil lion peo- 
ple suf fer from CFS.15 The U.S. Cen ters for Dis ease Con trol
(CDC) has de fined cri te ria for chronic fa tigue syn drome:
• Fa tigue last ing six months
• Mild fever or chills
• Sore throat
• Painful lymph nodes
• Mus cle weak ness
• Mus cle pain
• Joint pain
• Fa tigue that lasts twenty-four hours af ter ex er cis ing
• Headaches
• Short-term mem ory prob lems (for get ful ness)
• De pres sion
• Sleep dis tur bances

These symp toms have to per sist for at least six months in
or der to com ply with the def i ni tion of CFS.16 The CDC did not
state whether all or how many of the symp toms have to be
present in or der to ful fill the def i ni tion. Most of the symp toms
char ac ter is tic for chronic fa tigue could also be caused by
other chronic dis eases, such as can cer, heart fail ure, im mun- 
od e fi ciency, rheuma toid arthri tis, and many oth ers. All of
these dis eases have to be ex cluded be fore a de fin i tive di ag- 
no sis of chronic fa tigue can be made. A va ri ety of blood tests
are re quired in or der to find out what might be the cause of
the de bil i tat ing fa tigue.

Us ing a spe cial method of com puter to mog ra phy, sci en tists
at a re search cen ter in the U.S. found out that pa tients with
CFS ex hibit a lower level of ATP (adeno sine triphos phate) in
their mus cle tis sue than healthy con trol sub jects. This find ing



ex plains the mus cle weak ness and the tired ness trig gered by
it—com plaints re ported by many CFS pa tients.17

Based on this re port and our own ob ser va tion that NADH in- 
creases ATP pro duc tion in cells, a study with CFS pa tients
was per formed to in ves ti gate the ef fi cacy of NADH for CFS
symp toms. A dou ble-blind, placebo-con trolled cross-over
study was per formed at George town Uni ver sity, in Wash ing- 
ton, D.C. CFS pa tients re ceived 2 tablets of NADH (a to tal of
10 mg) per day or a placebo for four weeks. This first treat- 
ment was fol lowed by a four-week wash-out phase, dur ing
which nei ther group re ceived tablets. Then, the NADH group
re ceived the placebo and the placebo group re ceived the
NADH tablets. The re sult showed that 31 per cent of the pa- 
tients ex hib ited an im prove ment in their symp toms af ter four
weeks of treat ment. Af ter six months of NADH sup ple men ta- 
tion, 82 per cent re ported re lief from their symp toms.18 Fur- 
ther re ports on the ap pli ca tion and the ef fect of NADH with
CFS have been sum ma rized in nu mer ous sci en tific jour nals.19



ALZHEIMER’S DE MEN TIA

De men tia can be de fined as loss of in tel lec tual func tions,
such as log i cal think ing, cal cu lat ing, read ing, mem ory, and
abil ity to con cen trate, as well as com pre hend ing and re act ing
on op ti cal and acous tic sig nals, to men tion just a few of them.
The in abil ity to process in for ma tion and to set ac tions based
on this, as well as to per form per sonal hy giene, are symp- 
toms of cog ni tive im pair ment. The per cep tion of the five
senses seems to func tion prop erly, yet the mem ory, par tic u- 
larly the short-term form, is con sid er ably re duced.

Recog ni tion of a stim u lus is in for ma tion that should be
stored in the mind, but in de men tia a break lies in the process
of trans form ing the stim u lus into a mes sage to be stored in
the brain. The sig nal of a red light at a street cross ing, the
sound of a car horn, even touch ing the body trig gers a mes- 
sage trans mit ted to cer tain ar eas in the brain. Whether or not
all these sig nals are stored as in for ma tion in the brain de- 
pends on the im por tance of the mes sage. This in for ma tion
stor age process is called mem ory.

Re search in re cent years found that dif fer ent sig nals are
stored in dif fer ent ar eas of the brain. The mem ory for sen- 
sory in for ma tion is laid down in the frontal part be hind the
fore head. The du ra tion of stor age lasts only a few sec onds,
and if the sig nal is not par tic u larly strong it is deleted rapidly
to make space avail able for new in com ing sig nals. Only stim- 
uli judged as im por tant by the brain track their way to other
ar eas where longer stor age is pro grammed.

Names, news, facts, events, or ear lier ex pe ri ences are
stored in the so-called ex plicit mem ory lo cated in the hip- 
pocam pus, an area in the cen tral part of the brain. The stor- 
age time in the hip pocam pus lasts from min utes to months,
de pend ing on the im por tance the in di vid ual gives this in for- 
ma tion. Ac tiv i ties of a per son per formed reg u larly, caus ing
some kind of au toma tism, are stored in the un con scious
mem ory, also called im plicit. The im plicit mem ory is lo cated to
the great est part in the cere bel lum, the small brain. This
mem ory func tions rel a tively long nor mally in pa tients with de- 
men tia. A fur ther form of stor age for in for ma tion is the emo- 



tional mem ory, lo cated in the lim bic sys tem, an area in the
mid-brain.

De men tia is char ac ter ized by a va ri ety of symp toms, which
cur tail the men tal as well as the phys i cal ca pa bil i ties. The
most fre quent form of de men tia is the one dis cov ered and
de scribed by the Ger man pathol o gist Alois Alzheimer in 1903.
World wide, 5 per cent of the pop u la tion over sixty-five years
of age is af flicted with Alzheimer’s dis ease. In the U.S., more
than 5 mil lion peo ple suf fer from Alzheimer’s de men tia and
the in ci dence is in creas ing. The clin i cal ap pear ance of
Alzheimer de men tia is re flected by loss of mem ory, wors en- 
ing of in tel lec tual ca pa bil i ties, and im pair ment of daily so cial
ac tiv i ties. Symp toms of the dis ease in clude dif fi cul ties in
learn ing and de cline of judg ment, dis ori en ta tion in time and
place, and loss of com mu ni ca tion skills.

Pro fes sor Barry Reis berg, of New York Uni ver sity, one of
the world’s lead ing ex perts on Alzheimer’s, has de vel oped a
global de te ri o ra tion scale (GDS) for age-as so ci ated cog ni tive
de cline of pa tients. He dis tin guishes seven stages in the de- 
vel op ment of Alzheimer’s de men tia.

Ex am in ing Cog ni tive Per for mance
A rel a tively sim ple method to ex am ine cog ni tive per for mance is called the Mini-
Men tal Sta tus Ex am i na tion (MMSE). This pro ce dure gives a rough over view about
the men tal per for mance of the brain in less then five min utes. It can be per formed
by any body.

Ori en ta tion
1. What is the year? (1 point)
2. What is the sea son? (1 point)
3. What is the date? (1 point)
4. What is the day of the week? (1 point)
5. What is the month? (1 point)
6. In which coun try are we? (1 point)
7. In which state are we? (1 point)
8. In which city? (1 point)
9. Where are we now? (1 point)
10. In which street? (1 point)

Reg is tra tion
11. Ex am iner names three ob jects.
12. Ex am iner asks pa tient to re peat all three (1 point for each cor rect an swer)

At ten tion and Cal cu la tion
13. Se rial sev ens. (1 point for each cor rect an swer)

Al ter na tive: spell a word with 5 let ters (e.g., world) or count num bers back wards
(e.g., 99 to 94). (max i mum 5 points)



Re call
14. Ex am iner asks again for the three ob jects from task 11. (max i mum 3 points)

Com pre hen sion, Speech and Ac tiv ity
15. Ex am iner points to a pen cil and a watch. The pa tient has to name them as

you point. (max i mum 2 points)
16. Ex am iner has the pa tient re peat “No ifs, ands, or buts.” (max i mum 1 point)
17. The pa tient has to fol low a three-stage com mand such as: “Take the pa per in

your right hand. Fold the pa per in half. Put the pa per on the floor.” (max i mum
3 points)

18. Have the pa tient read and obey the fol low ing: “Close your eyes.” (Write in
large let ters.) (1 point)

19. Have the pa tient write a sen tence of his or her own choice. (The sen tence
should con tain a sub ject and an ob ject and should make sense. Ig nore spell‐ 
ing er rors when scor ing.) (1 point)

20. Ex am iner draws two in ter sected pen ta gons about 5 cen time ters and have the
pa tient copy it. (Give 1 point if all sides and an gles are pre served and if the
in ter sect ing sides form a quad ran gle.) (1 point)

The max i mum score of 30 points in di cates nor mal brain per for mance. If a test
per son reaches less the 24 points, this may be the first hint of re duced cog ni tive
func tion. With this low score, the cause for the dis tur bance should be elu ci dated
as it may in di cate a be gin ning Alzheimer’s de men tia.

Stage 1: No sub jec tive com plaints of mem ory deficit.

Stage 2: Sub jec tive com plaints of mem ory deficit (e.g., for- 
get ting names or num bers).

Stage 3: Fam ily mem bers or col leagues rec og nize a re- 
duced per for mance.

Stage 4: Re duced ca pa bil ity to ac com plish com plex tasks
(e.g., pre pare din ner for guest or shop ping with a shop ping
list).

Stage 5: Pa tient is dis ori ented to time and/or place and
can not live with out a care giver. Prob lems with dress ing and
per sonal hy giene.

Stage 6: Com plete loss of so cial abil i ties. Pa tient must be
washed, dressed, and ac com pa nied to the toi let.

Stage 7: Loss of speech and psy chomo tor ca pa bil i ties.

If a healthy per son steps on the street and sees a car com- 
ing, he or she re al izes the dan ger and steps back. An
Alzheimer’s pa tient in an ad vanced stage will stop and stand
where he is as he does not re al ize the dan ger he is ex posed
to.



What Causes Alzheimer’s?

A num ber of the o ries for the cause of Alzheimer’s de men tia,
but none has yet to be con firmed. Many sci en tists think that
de posits of de gen er ated brain tis sue, amy loid plaques, are
the cause. These plaques were dis cov ered and de scribed for
the first time by Alois Alzheimer in 1903. How ever, amy loid
plaques also oc cur in the brains of older healthy and alert
peo ple who do not suf fer from de men tia. Nev er the less, the
plaques in the brain still rep re sent the fa vorite hy poth e sis for
many sci en tists and a lot of time and money is spent to ver ify
this hy poth e sis. In spite of the nu mer ous sci en tific pa pers
pub lished about these plaques, the de fin i tive proof is still lack- 
ing.

For me, it does not ap pear rea son able that prod ucts that
arise from de stroyed nerve cells are the cause of the de- 
struc tion of these cells and of brain tis sue. This seems to be
an il log i cal con clu sion. Re cently pub lished sci en tific ar ti cles
have strongly ques tioned amy loidal plaques as the cause for
Alzheimer’s. It is gen er ally ac cepted by the sci en tific com mu- 
nity that or gans and tis sues get dam aged by ox ida tive stress.
The brain is most sen si tive to the at tack by free rad i cals (re- 
ac tive oxy gen mol e cules). These de stroy ing agents are in- 
creas ingly re garded as a cause for the de gen eration of the
brain and the de men tia trig gered by it. Re cently, it was dis- 
cov ered that brain tis sue dam aged by ox ida tive stress con- 
tains less amy loidal plaque than the in tact, un dam aged brain
tis sue. From these find ings, re searchers con cluded that the
ac cu mu la tion of amy loidal plaques is an age-de pen dent phys- 
i o log i cal re ac tion but not the cause of de men tia.20

My hy poth e sis for the de vel op ment of Alzheimer’s dis ease
is de rived from a chronic en ergy de fi ciency in the brain. How
can this long-last ing lack of en ergy arise in the ner vous sys- 
tem? The most log i cal an swer is by in hi bi tion of the biosyn- 
the sis of ATP (adeno sine triphos phate), the form of en ergy
used by cells. If the ATP con cen tra tion in a cell falls be low a
cer tain thresh old, the cell dies due to lack of en ergy. Nu mer- 
ous sub stances have been iden ti fied that can block the pro- 
duc tion of ATP in the cell, in clud ing toxic phar ma ceu ti cals, il- 



licit drugs, al co hol, en vi ron men tal tox ins, and com pounds de- 
rived from mer cury, cad mium, or alu minum. All of these sub- 
stances can trig ger ir re versible dam age to nerve cells.

The brain is very sen si tive and re acts rapidly to lack of oxy- 
gen. If the blood cir cu la tion to the brain is blocked for a few
min utes, a per son be comes un con scious. The longer the
brain is with out a blood sup ply, the more se vere and ir re- 
versible is the func tional dam age. How ever, oxy gen is only
one of the two es sen tial com po nents needed for the en ergy
pro duc tion in a cell. The bi o log i cal form of hy dro gen, NADH,
is the sec ond. If the NADH con tent of a cell falls be low a cer- 
tain level, the cell is un able to pro duce ATP and dies due to
lack of en ergy. NADH is the fuel for en ergy pro duc tion in ev- 
ery liv ing cell. As oxy gen is ubiq ui tous in the body if the cir cu- 
la tion works prop erly, NADH is the lim it ing fac tor in ATP pro- 
duc tion.

With out NADH, no en ergy pro duc tion oc curs in the cell. The
oxy gen sup ply for the brain is guar an teed if the blood cir cu la- 
tion works nor mally, and this seems to be the case in most
peo ple, in clud ing the el derly. So, low ATP pro duc tion in the
brains of Alzheimer’s pa tients must be caused by a lack of bi- 
o log i cal hy dro gen (NADH). This can oc cur when the meta- 
bolic re ac tions lead ing to NADH biosyn the sis are slowed
down or blocked to tally. Many com pounds can re duce the
meta bolic path ways in our or gans and, as a con se quence,
the cells and or gans pro duce less NADH.

Even if a cell has suf fi cient amounts of NADH, this is no
guar an tee of suf fi cient ATP, be cause the con certed ac tion of
a num ber of en zymes in the mi to chon dria, the power plant of
the cells, is nec es sary. If one of the var i ous en zymes does
not func tion prop erly, no ATP is formed. A num ber of sub- 
stances in hibit these en zymes, in clud ing some of the most
fre quently used medicines, such as blood pres sure–low er ing
and choles terol-low er ing drugs. One of the most im por tant
en zymes for en ergy pro duc tion, NADH–cy tochrome c–re duc- 
tase, was found to be strongly re duced in the brains of the
Parkin son’s pa tients.21 These find ings sup port the as sump- 
tion that a deficit in en ergy pro duc tion in nerve cells is the
cause of Alzheimer’s.



Nerve cells are very sen si tive to tox ins dam ag ing the DNA.
If the brain is ex posed to such com pounds, the DNA re pair
sys tem is ac ti vated. The en zyme sys tem that re pairs DNA
needs NADH for full func tion al ity, so the more the DNA is
dam aged, the more NADH is re quired. How ever, if too much
NADH is used for DNA re pair, very lit tle or noth ing is left for
en ergy (ATP) pro duc tion. If the ATP level in the cell falls be- 
low a crit i cal thresh old, it can not per form its vi tal func tions
and dies.22



NADH for Alzheimer’s De men tia

If an ATP deficit is ac tu ally the cause of Alzheimer’s de men- 
tia, then us ing NADH as a fuel for cel lu lar ATP pro duc tion
should have a pos i tive in flu ence on symp toms. Un der this
premise, a dou ble-blind, placebo-con trolled clin i cal trial with
Alzheimer’s pa tients was or ga nized at George town Uni ver- 
sity, in Wash ing ton, D.C. Pa tients re ceived 2 tablets of NADH
(a to tal of 10 mg) per day. Sev en teen pa tients com pleted the
six-month study. Their cog ni tive ca pa bil i ties were tested us ing
the Mat tis De men tia Rat ing Scale (MDRS) as well as part of
the Cog-Screen Test bat tery, both com monly used mea sures.
The MDRS showed an im prove ment in cog ni tive per for mance
to 108.5 points af ter NADH, com pared to 107 points at the
be gin ning of the study; in pa tients tak ing a placebo, cog ni tive
per for mance de clined to 99 points. Fur ther sig nif i cant im- 
prove ments were ob served with the Ver bal Flu ency Test as
well as the Fuld Ob ject Mem ory Test.23



Fig ure 4.1. Re sults of the cog ni tive per for mance test, mea sured by the Mat tis De‐ 
men tia Rat ing Scale, of Alzheimer’s pa tients be fore and six months af ter treat ment

with NADH.

Based on these promis ing re sults, a fur ther study was done
at the Uni ver sity of Za greb, in Croa tia. Forty-four Alzheimer’s
pa tients com pleted the treat ment pe riod of six months. The
out come of this study was very pos i tive: pa tients treated with
NADH ex hib ited a sig nif i cant im prove ment in the Fuld Ob ject
Mem ory Test as well as in the Ver bal Flu ency Test. The over- 
all cog ni tive per for mance, as mea sured with the MDRS, im- 
proved un der NADH treat ment. On the other hand, pa tients
tak ing placebo for six months showed a con sid er able de cline
in all the tests per formed.24

Fig ure 4.2. Ver bal flu ency test.

Based on these two in de pen dent stud ies, we can con clude
that Alzheimer’s pa tients im prove their cog ni tive per for mance
sig nif i cantly af ter six months of treat ment with NADH. NADH
ap pears to be the first, and so far only, sub stance lead ing to
im prove ments, be cause all the Alzheimer’s drugs cur rently



avail able on the mar ket only slow down the pro gres sion of the
de men tia.25



CAN CER

How does can cer de velop? Two phe nom ena ap pear to be the
most rea son able causes:
1. Al ter ation of the ge netic ma te rial (a mu ta tion in the DNA).
2. A de fi ciency in ATP en ergy, lead ing to a lack of cel lu lar

com po nents es sen tial for cell reg u la tion.

In terms of DNA mu ta tions, there are a lot of agents able to
mod ify the DNA. If can cer de vel ops by the ac tion of a sub- 
stance al ter ing the DNA, this sub stance is called a car cino- 
gen. Car cino gens are fre quently taken up by the hu man body
and can in duce can cer. Some medicines, such as cis platin,
also act as car cino gens. Cer tain com pounds, not car cino- 
genic per se, are trans posed into car cino gens in the body;
these are called pro-car cino gens.

Ex am ples of a pro-car cino gens are cer tain amines, such as
pu trescine and ca dav er ine, that are formed from amino acids
me tab o lized from pro teins in meat. Ni tro com pounds, such as
ni trate or ni trite, trans form these amines into ni trosamines,
which are car cino gens. Ni trosamines oc cur in smoked, pick- 
led, or grilled meat. We take up ni trates mainly with our daily
food, as they are used as ni tro gen fer til iz ers in the soil.

The first step in the de vel op ment of a can cer cell is the
bind ing of the car cino gen to the DNA, which causes an al ter- 
ation of its struc ture. This mod i fied DNA is repli cated dur ing
cell di vi sion. How ever, cells have de vel oped a DNA re pair
sys tem, able to correct the DNA mod i fi ca tion. If this re pair
sys tem works prop erly and in time, the al tered DNA is re- 
verted to nor mal and no can cer cell will de velop.



Fig ure 4.3. Key events in car cino gen e sis.

If the mu tated DNA is fur ther mod i fied by pro mot ers, the
prob a bil ity of al tered, neo plas tic (can cer ous) cells be ing
formed is very high. Hence, the key in the pre ven tion of can- 
cer is block ing the ac tion of pro mot ers. Pro mot ers are ei ther
free rad i cals or sub stances ca pa ble of pro duc ing them. The
most im por tant pro mot ers are:
• Free rad i cals
• Pes ti cides/her bi cides
• X-rays and cos mic rays
• In dus trial tox ins
• Ion iz ing ra di a tion
• Smok ing
• Nu clear ra di a tion
• Pol luted wa ter
• UV light



• Im mune-sup pres sive drugs
• Elec tro mag netic fields
• Cy to stat ics
• Over head power lines
• Mer cury (amal gam den tal fill ings)

As can be seen, there are phys i cal and chem i cal pro mot ers,
both of which have the ca pa bil ity to pro duce free rad i cals.
Free rad i cals are ex tremely re ac tive atoms or mol e cules with
an un paired elec tron. Due to this high re ac tiv ity, they at tack
nu cleic acids, lipids (fats), and pro teins and can change the
struc tures of these cell com po nents con sid er ably. If pro mot- 
ers can be in ac ti vated by anti-pro mot ers, no can cer cell will
de velop.

The high est amount of free rad i cals arise from oxy gen:
• 1–2 x 1022 free rad i cals are formed from the oxy gen we

breathe.
• 1–2 x 1021 free oxy gen rad i cals are neu tral ized from the

seven liters of blood in the body.
• In the av er age sev enty years of life, we in hale sev en teen

tons of oxy gen, from which one ton of free oxy gen rad i cals
are formed.

• In the av er age sev enty years of our life, 1016 mi toses (cell
di vi sions) oc cur. The hu man body is built up by 1013 to 1014

cells. This im plies 1–10 mil lion cell di vi sions per sec ond.
• 104 oc cur rences of ox ida tive DNA dam age hap pen in ev ery

sin gle cell. This causes from 1016 to 1018 DNA mu ta tions.

As you can see, enor mous amounts of free oxy gen rad i cals
arise in the hu man body just from nor mal pro cesses. How
can we pro tect the body against these ag gres sors? The best
free rad i cal scav engers are an tiox i dants, sub stances that act
against ox i da tion. Nat u rally oc cur ring bi o log i cal an tiox i dants,
which oc cur in liv ing cells, in clude vi ta mins A, C, and E, as
well as se le nium, glu tathione, NADH, and cer tain en zymes.
The strength of an an tiox i dant de pends on its ca pac ity to pre- 
vent ox i da tion. The coun ter part of ox i da tion is re duc tion—a
sub stance with a high re duc tion power is a strong an tiox i dant.



NADH ex hibits the strong est re duc tion power of all bi o log i cally
oc cur ring sub stances.

The al ter ation of mu tated cells caused by the ac tion of pro- 
mot ers forms the ba sis for the de vel op ment of can cer. An- 
other im por tant fact is that most can cer cells con tain fewer
mi to chon dria, the power plants in the cell. Hence, these cells
do not pro duce suf fi cient ATP en ergy for reg u lar cell di vi sion,
lead ing to un con trolled and ir reg u lar cell mul ti pli ca tion.

The other typ i cal be hav ior is the spread ing of tu mor cells to
other or gans and tis sues (metas ta sis). This phe nom e non,
spe cific for can cer, is based to a great ex tent on the lack of
re cep tors on the sur face of cells. These mol e cules, present in
nor mal cells, are es sen tial for in ter cel lu lar com mu ni ca tion.
Can cer cells grow rankly into healthy neigh bor tis sue as they
do not rec og nize the ad ja cent cells due to the lack cell sur- 
face re cep tors. Nor mal cells do not show this phe nom e non
and sense their neigh bor tis sue, which sig nals them to stop
grow ing into that area.



NADH for Can cer

If a de fi ciency of ATP is in deed the cause of can cer, sup ply- 
ing ATP from out side to the cells and tis sues might be a rea- 
son able ap proach of in hibit ing the un lim ited mul ti pli ca tion of
tu mor cells. How can we com pen sate for the ATP de fi ciency
in can cer cells? ATP level in iso lated cells can be in creased
by pro vid ing the cells with NADH. If these cells get more ATP
by NADH, they may then be able to syn the size mol e cules es- 
sen tial for reg u la tion of cell di vi sion. If cell di vi sion is nor mal- 
ized, growth of can cer cells is stopped as a con se quence.

NADH func tions in a three fold way as pro tec tor against can- 
cer for ma tion:

1. NADH is an es sen tial fac tor for DNA re pair.
2. NADH is the strong est bi o log i cal an tiox i dant.
3. NADH in creases ATP en ergy in the cell.

On the ba sis of these func tions, I started to treat can cer pa- 
tients in 2001 by giv ing them NADH in tablet form. Fol low ing
are a sam pling of case his to ries that out line the progress of
some of my can cer pa tients treated with NADH.



Small-Cell Lung Can cer

In Sep tem ber 2001, a 48-year-old man came to my clinic in
Vi enna. Six months be fore his visit, a small-cell lung can cer
was di ag nosed by mag netic res o nance imag ing (MRI) and
con firmed by biopsy. The tu mor was 6–8 cen time ters in size
and in op er a ble ac cord ing to the pa tient’s doc tor, a pro fes sor
at the Uni ver sity of Am s ter dam. The pa tient had been treated
by ra di a tion and chemo ther apy, but these treat ments did not
show the suc cess the pa tient had hoped for. The pa tient,
mar ried and the fa ther of three chil dren, was des per ate: his
doc tor in Am s ter dam had said to him: “Make your last will,
you will not sur vive un til Christ mas.”

I rec om mended that he start on NADH, 4–6 tablets (5 mg
each) per day. In Jan u ary 2002, four months af ter start ing
the NADH, the tu mor size was re duced to 1.5 cm in di am e ter.
In July 2002, ten months af ter be gin ning the NADH reg i men,
I re ceived a re port from the pro fes sor in Am s ter dam of his
re cent MRI: “No tu mor de tectable.” The pa tient re mains in
good health since then, which he in di cates with thanks in his
an nual Christ mas greet ing to me.



Breast Can cer

A 63-year-old woman had an in va sive duc tile mam mary car ci- 
noma re moved by surgery in Au gust 1989. A year later, nu- 
mer ous metas tases de vel oped in the liver and in her bones.
De spite four cy cles of treat ment with the CMF pro to col (cis- 
platin, methothrex ate, flu o ru racil), the metas tases in creased
in size.

Be gin ning in Jan u ary 1990, the pa tient re ceived NADH
(12.5. mg by in tra venous in fu sions) three times per week.
Four weeks af ter the in fu sion ther apy, she started tak ing 4
tablets (5 mg each) of NADH per day. Af ter three months, a
par tial re mis sion of the metas tases was ob served: some tu- 
mors were sig nif i cantly smaller, and some had to tally dis ap- 
peared. The pa tient con tin ued with the NADH ther apy, and by
the end of 1991 a fur ther com put er ized to mog ra phy (CT)
scan showed a marked re duc tion of the liver metas tases and
those in the bones had to tally dis ap peared. In Au gust 1994,
all her tu mor mark ers, es tab lished in blood tests for de tect ing
can cer, were in the nor mal range and the pa tient was in good
health.



Prostate Can cer

In 1994, I was vis ited by a man ager of Lufthansa Air line, who
showed me his med i cal re port with a di ag no sis of prostate
can cer. In six out of seven biop sies, can cer ous cells had
been found. The pa tient was ad vised by urol o gist to have the
prostate re moved and to be treated with ra di a tion and
chemo ther apy af ter wards. He re fused all of these ther a peu tic
op tions be cause he had wit nessed how a friend with the
same type of can cer suf fered from se vere ad verse re ac tions
af ter ra di a tion and chemo ther apy and de vel oped bone
metas tases in spite of treat ment. His friend passed away af- 
ter a year and a half in spite of this most ag gres sive treat- 
ment.

I rec om mended he take 6 tablets of NADH (5 mg each) per
day. In ad di tion, he was al ready tak ing se le nium and shark
car ti lage. His prostate spe cific anti gen (PSA) level (a blood
marker for this type of can cer) was a very high 35 be fore be- 
gin ning NADH ther apy. The nor mal range for PSA is 2 to 5.
Six months af ter start ing NADH treat ment, a nor mal PSA
value was mea sured; nei ther an ul tra sound nor a CT scan
could de tect a tu mor in the prostate.



Brain Tu mor

A 55-year-old busi ness man from Bel grade, Yu goslavia, re- 
ceived the di ag no sis of a brain tu mor the size of a ten nis ball
in 1997. The pathol o gists had di ag nosed a rapidly grow ing
glioblas toma, which is re garded as the most ma lig nant type
of brain tu mor. The pa tient re ceived ra dio ther apy, but this ap- 
proach did not cause any shrink ing of the tu mor, so he was
treated with cy to static drugs af ter wards. The chemo ther apy
also failed in re duc ing the size of the tu mor.

I rec om mended that he take NADH (40 mg) as sub lin gual
tablets. He ob tained these sup ple ments via a col league of
mine in Bel grade. The last mes sage I re ceived from my col- 
league in Bel grade re gard ing this pa tient, in 2003, re ported
that the tu mor had re gressed con sid er ably to less than 1 cm
in di am e ter. The pa tient does not have any symp toms or
health prob lems and he feels well.



Stom ach Can cer

In mid-De cem ber 2005, I was vis ited by a woman, 82, who
was des per ate: two weeks prior she had been di ag nosed with
a “big” can cer in the stom ach. Biop sies had re vealed an un- 
dif fer en ti ated car ci noma of the stom ach that had al ready
spread to more than half of the gas tric mu cosa and had in fil- 
trated ad ja cent tis sue. She had ane mia, most likely caused
by the can cer, as well as very low read ings of red blood cells
and he mo glo bin. The iron level was ex tremely low, whereas
the tu mor marker spe cific for this type of can cer was highly
el e vated.

The doc tors at the uni ver sity clinic where she had been di- 
ag nosed rec om mended a to tal re sec tion of the stom ach, yet
they could not as sure her of the com plete re moval of the tu- 
mor. Also, they were not cer tain whether or not there was ad- 
di tional tu mor tis sue out side the stom ach or metas tases in
other or gans. In spite of these un cer tain ties, the sur geons
rec om mended the op er a tion, claim ing that the pa tient would
have only a few weeks to live if the tu mor were not sur gi cally
re moved.

In stinc tively, the pa tient re fused to be op er ated on—she
was afraid of the sur gi cal in ter ven tion but even more afraid of
her po ten tial con di tion af ter wards. I rec om mended that she
start tak ing NADH, 6 tablets (7.5 mg each) daily, 3 tablets in
the morn ing and 3 tablets in the early af ter noon, for a to tal
amount of 45 mg per day. At the end of March 2006, the pa- 
tient looked much bet ter and re ported hav ing more en ergy,
was eat ing with more ap petite, and was able to go shop ping
again reg u larly, which she was un able to do in De cem ber. In
ad di tion, her de pres sive mood, most likely trig gered by the di- 
ag no sis of can cer, was gone. Three months later, all her
blood read ings (red blood cells, he mo glo bin, iron, and the tu- 
mor marker), which had been se verely al tered at the time of
the di ag no sis, were in the nor mal range. Ob jec tively, the pa- 
tient left the im pres sion of a healthy and happy per son.

A new as pect of NADH ac tion is de rived from the re search
of Pro fes sor Isa iah Fi dler, a lead ing ex pert in can cer metas ta- 
sis. Dr. Fi dler pro vides ev i dence that tu mor cells do not
metas ta size if the en zyme ni tric ox ide (NO)–syn thetase ex- 



hibits full func tion al ity.26 Can cer cells with a re duced or al- 
tered NO-syn thetase spread to other or gans and tis sues.
Based on his ob ser va tion, one could as sume ac ti va tion of the
di min ished NO-syn thetase en zyme would change the metas- 
ta siz ing fea tures of can cer cells to non metas ta siz ing ones.
An en zyme can be ac ti vated by its spe cific coen zyme, and
the coen zyme for the NO-syn thetase is NADH. NADH stim u- 
lates NO syn the sis in a dosage-de pen dent man ner by more
then ten times. Due to this ef fect, NADH should ex hibit an
“anti-metas ta siz ing” ac tion. Dr. Fi dler re ports that tu mor cells
stop grow ing (cy tosta sis) and un dergo cell ly sis (cy tol y sis) the
more NO (ni tric ox ide) the can cer cell pro duces. The more
NADH a can cer cell has avail able, the more NO it can syn the- 
size. Ni tric ox ide will then dis solve the cells of the can cer ous
tis sue.

The re gres sion of metas tases with the pa tients de scribed
pre vi ously may be caused by the stim u la tory ef fect on NO-
syn thetase by NADH. Pa tients who have been di ag nosed with
can cer should there fore start tak ing NADH as soon as pos si- 
ble to pre vent metas tases at an early state of their can cer.



STROKE

Peo ple de vel op ing a stroke ex hibit im pair ments in their mo bil- 
ity, speech, or cog ni tive per for mance. If the stroke causes
paral y sis of one side of the body, rel a tives and care givers
rec og nize this im me di ately as a stroke. Trig gers for a stroke
could be a rup ture of, or block age in, a blood ves sel in the
brain. If the blood sup ply for a cer tain brain area is re duced,
the brain is lack ing oxy gen and nu tri ents. No nu tri ents also
means no NADH and hence no fuel for ATP en ergy pro duc- 
tion in this brain area. With out en ergy, the tis sue gets dam- 
aged and will die. When this hap pens, the func tions con trolled
by this par tic u lar brain area de sist. De pend ing on which part
of the brain, left or right side, is af flicted, the con tralat eral
side of the body shows the symp toms of hemi ple gia (paral y- 
sis) or apha sia (im pair ment of the abil ity to use or un der stand
words). In many cases, dif fi cul ties in speech and al ter ations
in the sen si tiv ity of the body are the first hints of a de vel op ing
stroke.

As ex plained pre vi ously, NADH can in crease ATP en ergy
pro duc tion in cells. If one sup plies the brain with NADH, the
tis sue dam aged but not yet dead should be able to pro duce
more ATP en ergy and re gen er ate its func tions. Af ter a while,
this brain area could po ten tially be come vi tal again and able
to carry out its phys i o log i cal func tions. De pend ing on the size
of the stroke area, the re gen er a tion may take a few days or
some months. Be cause NADH el e vates cel lu lar en ergy, I
have treated a num ber of stroke pa tients by rec om mend ing
they use NADH. The course of the stroke has shown re mark- 
able ben e fits un der NADH treat ment in sev eral cases.
• In one case, an 84-year-old woman who had suf fered a

stroke in June 2003 de vel oped hemi ple gia and mo toric
apha sia. Two weeks af ter the stroke, she started tak ing
NADH, 4 tablets (40 mg) per day. Af ter two weeks, she
could get up from bed, walk, and speak. In fact, she was
con sid er ably bet ter phys i cally as well as men tally than she
had been a month be fore the stroke. She con tin ues to take
NADH daily.



• In a sec ond case, a 66-year-old man suf fered a stroke in
May 2003. He was con fined to a wheel chair and suf fered
from hemi ple gia and hemi pare sis. He started tak ing NADH,
4 tablets (40 mg) per day. Two weeks later, he could get
out of the wheel-chair and walk with out the help of a walker.
He is still tak ing NADH and is fur ther im prov ing in terms of
mo bil ity and men tal abil ity.

• An other male stroke pa tient, age 39, had a com plete block
of the left carotid artery and, as a con se quence, a se vere
hemi ple gia. He could not lift his right hand, shake hands, or
move his fin gers. He started tak ing NADH, 4 tablets (40
mg) per day. Af ter one month, he could lift his arm above
the shoul der and could also walk con sid er ably bet ter. Af ter
two months, he could lift both hands above his head and
was able to type on his com puter key board with both
hands. He con tin ues to take NADH and is grad u ally im prov- 
ing even more.

The symp toms of a stroke can be im proved even years af- 
ter the event. Ob vi ously, a cer tain part of the in farct area in
the brain must not be to tally dead but rather in ac tive and
non-func tional as a con se quence of a low blood sup ply. The
tis sue could not be re paired and ren dered func tional if the
brain tis sue was non-vi tal. By sup ply ing NADH, the cells ob- 
tain more hy dro gen and can pro duce more of the lack ing ATP
en ergy. This ad di tional en ergy al lows the cells to re gen er ate
and re store com pounds es sen tial for their full func tion al ity.

The pos i tive ef fects of NADH with stroke pa tients and the
mech a nism of its ac tion has been no ticed by neu rol o gists. A
study is planned at a neu ro log i cal clinic in Ger many to con- 
firm the ef fi cacy of NADH in stroke pa tients.



DI A BETES

Di a betes is char ac ter ized by a con stantly el e vated blood
sugar value. There are two main types of di a betes:
• Type 1 is in sulin-de pen dent di a betes, also called ju ve nile di- 

a betes.
• Type 2 is non-in sulin-de pen dent di a betes.

The rea son for the el e vated blood sugar is a lack of in sulin.
This hor mone ex hibits a va ri ety of bi o log i cal ef fects. It pro- 
motes the up take of sugar (glu cose), amino acids, and fatty
acids into the cell. It also in hibits the degra da tion of glyco gen,
the “sugar pool” of our body, as well as that of pro teins and
fats. In sulin trig gers the trans porta tion of glu cose from the
blood into the cells. which is ur gently needed as the cell
needs to make NADH out of glu cose. NADH, as fuel for en- 
ergy pro duc tion in the cell, will then gen er ate ATP. If the or- 
gan ism suf fers from an in sulin de fi ciency, less glu cose is
trans ported into the cells and the sugar level in the blood in- 
creases.

Di a betic pa tients, due to their in sulin de fi ciency, do not get
suf fi cient amounts of glu cose into their cells. Hence, these
cells pro duce less ATP en ergy than cells from healthy in di vid- 
u als. As a con se quence, they can not syn the size com po nents
in the amount re quired to ful fill all the spe cific func tions of the
cells and the tis sue. The beta-cells of the pan creas are spe- 
cial ized to pro duce in sulin. If these cells are lack ing ATP, they
are un able to pro duce nor mal amounts of in sulin and the de fi- 
ciency of this hor mone trig gers di a betes.

Ac cord ing to new re search find ings, it ap pears that type 2
di a betes is caused by faulty func tion of the mi to chon dria, the
power plants of the cell.27 If the mi to chon dria are dam aged,
en ergy pro duc tion in the cell de clines. This also hap pens in
the beta-cells of the pan creas, which then pro duce less or no
in sulin. Nu mer ous fac tors are re garded as cause for the dys- 
func tion of mi to chon dria with type 2 di a betes, par tic u larly el e- 
vated choles terol and triglyc eride con cen tra tions in the blood.
How ever, choles terol-low er ing drugs can also in duce dam age
in the func tion of mi to chon dria.



Choles terol is the ba sic sub stance from which many hor- 
mones, in clud ing sex hor mones, are syn the sized in the body.
This holds also for coen zyme Q10 (CoQ10), which plays an
im por tant role in en ergy pro duc tion in the mi to chon dria. If the
biosyn the sis of choles terol is blocked, ATP pro duc tion de- 
clines. In the beta-cells of the pan creas, this would mean that
no in sulin could be syn the sized due to the lack of en ergy. Di- 
a betes is the con se quence. If we can in crease the ATP level
in these cells, in sulin pro duc tion may be re stored. A few
years ago, sci en tists showed that in sulin pro duc tion in the
pan creas can be stim u lated by ATP. They rinsed an iso lated
pan creas with an ATP-con tain ing so lu tion and ob served an in- 
creased ATP pro duc tion.

The first anec do tal re ports of a nor mal iza tion of el e vated
blood sugar af ter ap pli ca tion of NADH were re ceived in the
early 1990s. When my fa ther gave NADH to Parkin son’s pa- 
tients who were also af flicted by type 2 di a betes, they
achieved nor mal blood sugar lev els af ter 3–4 weeks; they
were un able to reach this us ing their nor mal anti-di a betic
med i ca tion.

NADH tablets have been taken by many peo ple on a reg u lar
ba sis and I have re ceived feed back from a num ber of them
about the nor mal iza tion of their blood sugar lev els. A col- 
league of mine has been treat ing type 2 di a betic pa tients with
NADH in his clinic in the U.S., and many of his di a betic pa- 
tients are now tak ing only NADH tablets in lieu of their stan- 
dard anti-di a betic med i ca tion. A num ber of type 1 di a betic pa- 
tients needed a lower daily in sulin dose when tak ing NADH
reg u larly. Con trolled clin i cal stud ies are also in progress to
con firm the anti-di a betic ef fects of NADH.

A fur ther ob ser va tion is worth men tion ing re gard ing the
lipid-low er ing ac tion of NADH. Two men in their early for ties,
who were in gen eral good health, had nor mal blood read ings
with one ex cep tion: their lipids (triglyc erides) were ex tremely
high at 500 units. Both pa tients men tioned they had these
high val ues for a num ber of years and had been tak ing lipid-
low er ing med i ca tions for a long time. But they were in ef fec- 
tive in low er ing their high triglyc eride val ues. Both pa tients
started tak ing NADH. Af ter four weeks, their blood read ings
showed a drop from over 500 to 170 and 140, re spec tively.



How does NADH lower blood lipids, par tic u larly triglyc erides?
I have an ex pla na tion for this un ex pected ef fect of NADH.
The level of triglyc erides in the blood is el e vated if the en- 
zymes me tab o liz ing these lipids, the li pases, are not pro- 
duced in suf fi cient amounts. Li pases are pro duced from the
pan creas and then se creted to the in testi nal tract. There they
cleave the lipids into smaller mol e cules to be taken up by the
cells. If the pan creas does not pro duce enough lev els of li- 
pases, the triglyc erides can not be de graded and their level in
the blood in creases.

With type 2 di a betes, in sulin is still pro duced by the pan- 
creas, but in lev els too low as this or gan does not have a suf- 
fi cient sup ply of ATP en ergy. What holds for the hor mone in- 
sulin seems to hold also for li pases—if the pan creas ob tains
more ATP en ergy by giv ing the pa tient NADH, it will be able
to pro duce suf fi cient amounts of li pases, which will de grade
the triglyc erides and nor mal ize their con cen tra tion in the
blood.



CHAP TER 5
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Ad di tional Ther a peu tic Uses
for NADH

MENOPAUSE

enopause is a nat u ral change of life for women, a tran- 
si tion from a fer tile to an in fer tile in di vid ual. Dur ing this

time, the pro duc tion of the sex hor mones in the re pro duc tive
glands de clines. The bi o log i cal func tions of the ovaries last
only over a cer tain pe riod of time in which they pro duce a fol li- 
cle ev ery four weeks. This tis sue ma tures and pro duces es- 
tro gen, the key fe male hor mone. The for ma tion of this hor- 
mone drops dur ing menopause and the drop in es tro gen lev- 
els may cause some or all of the fol low ing com plaints:
• Hot flashes
• Mood swings and ir ri tabil ity
• Pro fuse sweat ing
• Ner vous ness and anx i ety
• Sleep dis tur bances
• Loss of sex drive
• Dizzi ness

The clas sic ther apy for menopause symp toms is sub sti tu tion
of the es tro gen de fi ciency us ing syn thetic sex hor mones. Hor- 
mone re place ment ther apy (HRT) has been used for decades
and has been shown to im prove the con di tion and well-be ing
of women ex pe ri enc ing menopause. How ever, HRT has come
un der in creased scru tiny as ret ro spec tive analy ses re vealed
that women tak ing HRT reg u larly had a sig nif i cantly higher in- 
ci dence of breast can cer than those re frain ing from it.1

A study par tially fi nanced by Wyeth Phar ma ceu ti cals
(producer of the syn thetic es tro gen com pound Pre marin) and
the Amer i can Can cer So ci ety found that there was a strong
link be tween breast can cer and hor mone re place ment ther- 
apy. The re searchers fol lowed 37,000 women for eleven



years. Women who had been on HRT for five years or less
had as much as an 80 per cent greater chance of get ting
breast can cer than those who had not taken syn thetic hor- 
mones. Women who had been on HRT for longer than five
years had 165 per cent greater chance of get ting breast can- 
cer. But, re searchers added, the type of breast can cer usu ally
caused by HRT has a bet ter chance of be ing cured than other
types of breast can cer. That’s not say ing much, how ever. The
fact re mains that cur ing breast can cer usu ally in volves a mas- 
tec tomy and long bouts of chemo ther apy and ra di a tion ther- 
apy. And even in view of the fact that there are more can cer
sur vivors to day than in past years, es ti mates say that
40,000–90,000 women die of breast can cer an nu ally.

Knowl edge of this link is noth ing new. Re searchers in the
1930s had known that in ject ing rats with es tro gen caused
them to get breast can cer. (This study was re peated in
Canada in 1960 with the same re sults.) What is new is that
the Amer i can Can cer So ci ety is ad mit ting the link, even
though they are try ing to un der play it at the same time. There
are cur rently about 9 mil lion women tak ing Pre marin, but per- 
haps it’s time for those women on HRT to re-think their strat- 
egy. There are safer and more nat u ral op tions avail able that
pro tect against breast can cer while re liev ing the symp toms of
menopause. One of these is tofu. Soy is one of the most nat- 
u ral ways of ob tain ing es tro gen. An other is pro ges terone
cream, which is found in health food stores.

The pro duc tion of most hor mones is reg u lated by a feed- 
back mech a nism, mean ing the body stops pro duc ing its own
hor mones if it re ceives hor mones from out side. Thus, the
ovaries cease their es tro gen and pro ges terone pro duc tion if
the woman is us ing HRT. But why do the ovaries ter mi nate
hor mone pro duc tion dur ing ag ing? The an swer ap pears sim- 
ple: the hor mone-pro duc ing cells lack ATP, the en ergy in the
cells, needed for mak ing hor mones. My ap proach for treat- 
ment of menopause symp toms is de rived from the as sump- 
tion that an en ergy de fi ciency in the ovaries trig gers a hor- 
mone de fi ciency. As NADH in creases ATP en ergy pro duc tion
in the cells of the body, this co-en zyme should in duce an in- 
crease in hor mone pro duc tion in the ovaries and, due to this
ef fect, mit i gate the com mon com plaints of menopause.



Based on these con sid er a tions, a clin i cal study was per- 
formed in Aus tria and Switzer land in volv ing forty-nine women,
45–65 years of age, who had stopped tak ing HRT or phy to- 
hor mones for at least a month and who had symp toms of
menopause (hot flashes, fa tigue, sleep dis tur bances, and
mood swings). They were given NADH (10 mg per day) for
three months. All of them showed re lief from their menopause
symp toms.2

A fur ther smaller study was per formed by a gy ne col o gists in
Aus tria and in volved four teen women, all over forty years old,
ex hibit ing menopause symp toms. They were given NADH for
one month. All re ported ben e fi cial ef fects: im proved li bido,
bet ter mem ory, more en ergy, im proved mood, less “burn out
syn drome,” and fewer feel ings of de pres sion.3

NADH has been shown to im prove menopause symp toms
such as de pres sive mood, ner vous ness, sleep ing dis tur- 
bances, and low sex drive.4 Phy to hor mones are sub stances
that oc cur in plants which have a chem i cal struc ture sim i lar to
the fe male hor mone es tro gen. The most im por tant of these
are isoflavones in soy and red clover called genis tein and
daidzein. Isoflavones iso lated from soy ex hibit ben e fi cial ef- 
fects on hot flashes and sweat ing, and they also act pos i tively
on fat me tab o lism and bone den sity.5 Con sid er ing these ben- 
e fi cial ef fects, it ap peared rea son able to com bine these two
sub stances to achieve a syn er gis tic ef fect. The com bi na tion
prod uct of NADH and isoflavones has been given to a num ber
of women at the be gin ning of menopause, and all of them ex- 
pe ri enced a pos i tive ef fect.



OBE SITY

Obe sity in creases the risk for a num ber of dis eases, such as
di a betes and heart dis ease. It is be com ing a ma jor prob lem,
par tic u larly in in dus tri al ized coun tries such as the United
States. With 66 per cent of the pop u la tion con sid ered over- 
weight, the U.S. is top ranked. The emerg ing pub lic health
costs of this epi demic are es ti mated at $90 bil lion per year for
the U.S. alone. Re duc ing the per cent age of obese peo ple
could save bil lions of dol lars in health-care costs.

How could this be ac com plished? One ap proach might be
the reg u lar con sump tion of NADH as a food sup ple ment.
NADH is pro duced in our body from food: car bo hy drates, pro- 
teins, and fat are con verted to sugar (glu cose), amino acids,
and fatty acids, and then these small mol e cules are fur ther
me tab o lized. The hy dro gen atoms present in glu cose are
trans ferred to the coen zyme NAD, a re ac tion that leads to
NADH for ma tion. From there, it is dis trib uted to all or gans and
tis sues. NADH en ters the cell and pro duces ATP en ergy.

If we as sume that the biosyn the sis of NADH is reg u lated by
a feed back mech a nism sim i lar to hor mone reg u la tion, then
the me tab o lism of glu cose to NADH may be re duced if NADH
is sup plied di rectly via a sup ple ment. Since glu cose is not
needed for NADH pro duc tion, the de mand for car bo hy drates
would then de cline. If the body takes up less car bo hy drates,
weight loss is the con se quence. This the o ret i cal sce nario
seems to ac tu ally oc cur in prac ti cal terms. First re ports re- 
ceived from some of my over-weight pa tients in di cated a re- 
duced ap petite and sub se quent weight loss af ter tak ing NADH
orally for a cou ple of weeks.

Based on these anec do tal ob ser va tions, we per formed a
ret ro spec tive meta-anal y sis of the ef fects of NADH with
chronic fa tigue syn drome (CFS) pa tients. We eval u ated the
body weight of the CFS pa tients be fore and af ter the NADH
treat ment pe riod. The out come was a sig nif i cant: an av er age
weight re duc tion of 2.5 kilo grams (5 pounds) in just four
weeks of tak ing NADH (a daily dose of 10 mg).6 This weight-
re duc ing ef fect has also been ob served from cus tomers of
Weight Watch ers.7



Weight gain is caused by a sim ple for mula: an over weight
per son takes in high amounts of calo ries and does not use
them up suf fi ciently. The sur plus in calo ries is stored as fat
tis sue in the body. Cor pu lent peo ple have no en ergy and
hence no mo ti va tion for mov ing and phys i cal ex er cise, the
only means to burn off the ex ces sive calo ries By tak ing
NADH, obese peo ple could re duce their ex ces sive pounds as
they get more en ergy from NADH. Due to this en ergy boost,
they may be come phys i cally and men tally mo ti vated to start
an ex er cise pro gram or at least get more daily ac tiv ity. This
ap proach would be a nat u ral and healthy way to lose weight
and re duce the risk for a num ber of dev as tat ing and costly
dis eases.



JET LAG

Jet lag is a con stel la tion of symp toms that oc cur af ter fly ing
across time zones. The symp toms in clude gen eral malaise
and fa tigue, dis rupted sleep, gas troin testi nal dis tress, and im- 
paired cog ni tive per for mance. It af fects not only pi lots and
flight-crew mem bers but a large num ber of fre quent trav el ers.
Jet lag can de grade de ci sion-mak ing and com mu ni ca tion abil i- 
ties as well as mem ory by 30–70 per cent. The dis rup tion of
the body’s en train ment of the in ter nal 24-hour cy cle of tem- 
per a ture, sleep ini ti a tion, and other ac tiv i ties to the day light
cy cle is be lieved to be the trig ger for jet lag. The enor mous in- 
crease in fre quency of long-dis tance flights has in creased the
num ber of jet lag suf fer ers. Par tic u larly in peo ple who travel
fre quently by air, the cor ti sone level in the body rises con sid- 
er ably. High cor ti sone val ues can lead to deficits in spa tial
cog ni tion and mem ory.

Un til re cently, ther a peu tic ap proaches for jet lag fo cused on
the adap ta tion of the sleep rhythm to the new time zone by
light ther apy, stim u lants like caf feine, or sleep ing pills. Each of
these meth ods has been found to lead to po ten tial ad verse
side ef fects or is con sid ered im prac ti cal. A new con cept for al- 
le vi at ing symp toms of jet lag is to pro vide peo ple with more
phys i cal and men tal en ergy dur ing the time of adap ta tion to
the new time zone. This can be achieved by tak ing NADH.

The ef fect of NADH as a coun ter mea sure for jet lag was in- 
ves ti gated in a dou ble-blind, placebo-con trolled cross-over
study at George town Uni ver sity, in Wash ing ton, D.C. Thirty-
six healthy women and men par tic i pated in this study. They
were flown from the West coast (San Diego, Cal i for nia)
overnight to the East coast (Wash ing ton, D.C.) with a
stopover in Phoenix, Ari zona, on reg u lar com mer cial air line
flights. The con di tion and the cog ni tive per for mance of the
sub jects were ex am ined by per form ing cer tain tasks of the
CogScreen test bat tery, a val i dated method used by the
Amer i can As so ci a tion of Air line Pi lots and NASA



Fig ure 5.1. ANAM work ing mem ory test.

Two hours be fore de par ture, the sub jects per formed the first
tests on the com puter. They were each given a lap top to use
over the en tire test ing pe riod. The re sult of the first test was
taken as base line to which to com pare all fur ther test re sults.
The sub jects were flown overnight via Phoenix to Bal ti more,
Mary land, ar riv ing at 6 A.M. the next day. Af ter break fast, they
were trans ported to Wash ing ton by bus. One group re ceived
NADH (taken sub lin gually in lozenge form) and the other
group took a placebo. Ninety min utes af ter tak ing NADH (9
A.M.), the sub jects re peated the same com puter tests; then,
three hours later (at noon), the com puter tests were taken
again.

The study found that jet lag led to an in creased sleepi ness
and to a de te ri o ra tion of cer tain cog ni tive func tions. The most
fre quent er rors were made in con cen tra tion tests, mem ory
tests, and the speed of vis ual per cep tion (re ac tion time af ter
see ing dis tinct sig nals or ob jects). Sub jects tak ing NADH
lozenges showed sig nif i cantly bet ter test re sults in terms of



cog ni tive per for mance and sleepi ness than sub jects tak ing
placebo.8

The sub jects tak ing NADH in the morn ing af ter the night
flight ex hib ited the same re sults at the 9 A.M. test as the
evening be fore (base line), while those tak ing the placebo had
much lower scores com pared to the base line. At the next test
time (noon), sub jects tak ing NADH per formed even bet ter
than at base line be fore de par ture; scores of the sub jects tak- 
ing the placebo de clined fur ther at the sec ond test time. The
re sults of this study pro vide sci en tific ev i dence that NADH
taken sub lin gually im proves cog ni tive per for mance af ter a
night flight com pared to the test re sults be fore de par ture.



SLEEP DIS OR DERS

As NADH can al le vi ate symp toms of jet lag, the ques tion was
raised whether or not NADH has an ef fect on symp toms of
sleep de fi ciency. Re searchers at Cor nell Uni ver sity, in New
York, con ducted a dou ble-blind, placebo-con trolled study to
prove the ef fi cacy of NADH lozenges on cog ni tive per for- 
mance im paired by sleep de pri va tion. Par tic i pants were kept
awake for twenty-four hours. The study group was given
NADH (20 mg), while the other group re ceived a placebo.

Fig ure 5.2. Vis ual per cep tion speed and ac cu racy.

For this sleep de pri va tion study, the CogScreen test bat tery
was used, par tic u larly the sub test for de ter mi na tion of vis ual
per cep tion, math e mat i cal task so lu tion skills, and re ac tion
time test. The ben e fi cial ef fects of NADH on these ca pa bil i ties
af ter twenty-four hours of sleep de pri va tion were ap par ent:
• To tal prob lem-solv ing skill was sig nif i cantly bet ter with

NADH.



• Vis ual per cep tion was bet ter with NADH, both in to tal and in
terms of speed.

Fig ure 5.3. Psy chomo toric per for mance test.

• Math e mat i cal prob lem-solv ing was bet ter un der NADH (bet- 
ter even than af ter a full night’s sleep).

The re sults of the study were im pres sive. If one does not
sleep for twenty-four hours and then takes NADH, the brain
func tions al most four times bet ter than af ter a full night of
sleep with out tak ing NADH.9 Imag ine, how much the cog ni tive
per for mance may im prove if one takes an NADH lozenge ev- 
ery morn ing af ter a full night of sleep. The study at Cor nell
Uni ver sity sub stan ti ated that NADH could im prove cog ni tive
per for mance that was im paired in peo ple suf fer ing from sleep
de pri va tion.



Fig ure 5.4. Ef fect of NADH af ter sleep de pri va tion.

Many read ers may have ex pe ri enced pe ri ods of sleep deficit
and de pri va tion and the phys i cal and men tal fa tigue trig gered
by it. But is it pos si ble to mea sure tired ness ob jec tively? Can
a sci en tific method tell us whether we are tired or awake and
fit? Yes, we can mea sure fa tigue re li ably and ob jec tively. A
high-tech in stru ment called a pupil lo graph mea sures the re ac- 
tion time of the pupil in the eye. The prin ci ple is rather sim ple:
if we get tired, the re ac tion of the pupil slows down. So, the
con trac tion time of the pupil can be taken as ob jec tive pa ram- 
e ter for fa tigue.

In a pupil lo graph, an in frared light ray (which is harm less to
the eye) is pro jected to the pupil in short in ter vals (twenty-five
times per sec ond). The pupil is di lated at the be gin ning of the
test, as it is con ducted in the dark. Each time the in frared ray
hits the pupil, the pupil con tracts, and this con trac tion is mea- 
sured by a spe cial cam era. The test ing time is about 10 min- 
utes, dur ing which the pupil re ceives 15,000 in frared im pulses
trig ger ing the same num ber of re ac tions. From these thou- 
sands of mea sure ments, the mean re ac tion time is cal cu- 
lated, which rep re sents the de gree of tired ness or vig i lance.



The re sults (see Fig ure 5.5 be low) show the re ac tion time of
the pupil of one of my co-work ers at 5 P.M., at the end of a full
day of work. The re ac tion time (ar row in the up per part of the
chart) in di cates that it is lower than it should be. One hour af- 
ter tak ing NADH (sub lin gually in lozenge form), the re ac tion
time re turns to nor mal (ar row in the lower part of the fig ure).

In my clinic, we used the pupil lo graph to prove the en er giz- 
ing and ac ti vat ing ef fect of NADH. Six teen healthy sub jects,
20–40 years of age, par tic i pated in the study. The first mea- 
sure ment was per formed at 5 P.M., at the end of of fice hours.
For the ma jor ity of the sub jects, the test val ues in di cated that
they were tired af ter a full day of work. Af ter the base line test,
these peo ple took NADH (one lozenge of 10 mg). An hour
later, a sec ond mea sure ment with the pupil lo graph was con- 
ducted and all par tic i pants showed a con sid er able im prove- 
ment in their re ac tion time, re flect ing more en ergy and a bet- 
ter vig i lance. These find ings con firmed pre vi ous find ings that
NADH has a real en er giz ing ef fect and can elim i nate fa tigue.

Fig ure 5.5. Com puter eval u a tion of the pupil lo graph test re sults for NADH.



This anti-fa tigue ef fect of NADH is of enor mous eco nomic
im por tance: shift work ers, doc tors, nurses, as well as truck
driv ers are at high risk of mak ing er rors when over tired.
NADH may help this group of peo ple stay awake and work
with full con cen tra tion dur ing their night shift.



NADH IM PROVES PHYS I CAL PER FOR MANCE

In col lab o ra tion with a uni ver sity in the Czech Re pub lic, a
study was con ducted among com pet i tive-level cy clists. They
took 10 mg of NADH per day, and per for mance-spe cific pa- 
ram e ters—vi tal ca pac ity, oxy gen up take, lac tate lev els in
blood, and re ac tion time—were mea sured be fore and af ter
one month of NADH in take. It was found that oxy gen up take
was faster and greater, lac tate lev els fell, and re ac tion time
was sig nif i cantly shorter than at the be gin ning of the study.10

A fur ther study was per formed by Dr. Bill Mis ner, the coach
of some top U.S. ath letes. He gave them NADH in a dose of
10 mg per day for sixty days. All ath letes im proved in their
sprint per for mance (cy cling for 5 min utes or run ning 1 mile),
and in du ra tion per for mance all the ath letes also showed bet- 
ter val ues.

To con firm these pre lim i nary find ings, a study was con- 
ducted by the de part ment of sports medicine at the Uni ver sity
of Freiburg, in Ger many. The study was a dou ble-blind,
placebo-con trolled, cross-over study or ga nized in the fol low ing
way. One group of highly con di tioned ath letes took NADH (3
tablets, 10 mg each, per day) for four weeks. This was fol- 
lowed by a six-week washout pe riod. Af ter this rest ing phase,
the ath letes re ceived placebo tablets for four weeks. The sec- 
ond group started with placebo tablets for the first four weeks,
and then con tin ued with the NADH tablets for four weeks af ter
the six-week washout pe riod. The fol low ing pa ram e ters were
in ves ti gated: max i mum aer o bic ca pac ity, oxy gen up take, car- 
bon diox ide ex ha la tion, lac tate lev els in blood, and cat e- 
cholamine lev els in blood. Tests were per formed at the be gin- 
ning and at the end of each treat ment pe riod.

Af ter NADH sup ple men ta tion, the fol low ing ef fects were ob- 
served:
• In the meta bolic en er getic area, oxy gen con sump tion was

re duced and there was an in crease in the res pi ra tor co ef fi- 
cient.

• The ex ha la tion of car bon diox ide was di min ished as was the
lac tate level.11 The lac tate-low er ing ef fect of NADH has
enor mous prac ti cal con se quences for ath letes. By tak ing



NADH reg u larly, they could the o ret i cally ex er cise much
longer un der aer o bic con di tions in the mus cles, lead ing to
greater ex er cise du ra tion.

• In the meta bolic-reg u la tive do main, a re duc tion of potas sium
level was ob served. This could be ex plained by the higher
de mand through the de fined ex er cise work.

• The plasma con cen tra tion of cre a tine was also lower with
NADH. Dur ing en durance ex er cise, ac tiv ity of the en zyme
cre a tine ki nase (CK) is higher than in the rest ing state. This
in crease is caused by leaky mus cle tis sue dam aged by ex- 
ces sive use of the mus cles dur ing train ing. Un der NADH
treat ment, the el e va tion of CK ac tiv ity is much smaller than
with out NADH. This may be in di rect ev i dence for the pro tec- 
tive ef fect of NADH against cell dam age.

• Among in di ca tors for sys temic stress, a de cline of the
“stress” hor mones no ra drenaline and adreno cor ti cotropic
hor mone (ACTH) was seen.

The re duc tion of the time for oxy gen up take by cells af ter
NADH in di cates an im proved uti liza tion of oxy gen, which
points to a higher avail abil ity of NADH and, due to this, a
greater ATP level in the cells.12 The in crease of ATP in the
cells was about 7 per cent on av er age. In con junc tion with the
lower lac tate lev els, this means that the ath letes can ex er cise
for a longer pe riod of time in the aer o bic phase. This leads to
bet ter en durance and per for mance, par tic u larly for marathon
run ners.

Re searchers at the Uni ver sity of Jy vaskyla, in Fin land, also
ex am ined the ef fi cacy of NADH in im prov ing phys i cal per for- 
mance in a placebo-con trolled study. The re sults con firmed
the find ings of the Uni ver sity of Freiburg study. The lac tate
level in the blood, mea sured af ter an aer o bic run ning test,
was sig nif i cantly lower af ter in take of NADH than af ter the
placebo. Also, the jump ing force was higher and the re ac tion
times were faster af ter tak ing NADH.13

Some read ers may be won der ing: Is NADH dop ing? We
sent this ques tion to the med i cal and sci en tific di rec tor of the
IOC (In ter na tional Olympic Com mit tee), and the an swer was



con cise and clear: “NADH is not on the list of pro hib ited sub- 
stances.”

In the re search de part ment of our in sti tute, we de vel oped a
blood test by which we can ex am ine the en er giz ing ef fect of
NADH. NADH is added to a drop of blood in a test tube, and
the blood cells take up the NADH im me di ately. De pend ing on
the ATP pool present in these blood cells, they me tab o lize a
lot of or lit tle amounts of NADH. If the blood cells con tain high
amounts of ATP, then lit tle NADH is me tab o lized and con- 
verted to ATP by the blood cells. If the ATP re serve of the
cells is low, then a lot of NADH is me tab o lized and used for
ATP pro duc tion.14

Marathon run ners be fore a race have a high ATP en ergy
level, so their blood cells con sume very lit tle NADH for ATP
pro duc tion. Af ter the race, the ath letes have a very low en- 
ergy level, and the blood test per formed af ter the race shows
a strongly in creased con sump tion of NADH. Us ing this blood
test, we ex am ined the ef fect of NADH on the en ergy level of
marathon run ners. Ath letes tak ing 30 mg NADH per day for
four weeks showed a sig nif i cantly lower con sump tion of
NADH, cor re spond ing to a higher ATP en ergy level than the
ath letes tak ing placebo. This ef fect was ob served in all
phases of the race (in the morn ing, af ter warm-ups, af ter the
race, and then 24 hours af ter the race.



Fig ure 5.6. ENMA Test.



NADH BOOSTS CON CEN TRA TION

The num ber of stu dents af flicted by a de cline and im pair ment
of their at ten tion has risen dra mat i cally in the last decade.
The abil ity to fo cus on a cer tain sub ject for a longer pe riod of
time in class has van ished, to the dis tress of many teach ers.
This im pair ment is now re ferred to as at ten tion deficit/hy per- 
ac tiv ity dis or der (ADHD). It is re lated to adren a line and
dopamine pools in the brain—if lev els of these hor mones are
ex hausted, re duced at ten tion is the con se quence.

What may be the cause of this dis or der? Per son ally, I think
a de fi ciency in adren a line, dopamine, and acetyl choline is trig- 
gering this im pair ment, as these neu ro trans mit ters are es sen- 
tial com po nents for the cog ni tive per for mance, in clud ing vig i- 
lance, fast think ing, and short re ac tion time. A deficit may be
be cause ei ther too lit tle of a sub stance is pro duced or too
much is con sumed. With ADHD, both rea sons may play a
role. If an en ergy de fi ciency is present in the brain, the neu ro- 
trans mit ters are not syn the sized in suf fi cient amounts.

As pointed out al ready, the body needs NADH and oxy gen
for the pro duc tion of ATP en ergy. Even if the brain has suf fi- 
cient amounts of NADH avail able, an oxy gen de fi ciency could
lead to a lack of en ergy. Hence, a suf fi cient sup ply of oxy gen
for the cells (and par tic u larly for the cells in the brain) is an
es sen tial pre req ui site for ad e quate en ergy pro duc tion. Oxy- 
gen is sup plied by the blood, driven by the cir cu la tion. A re- 
duced blood flow in the brain leads to a lack of oxy gen in the
nerve cells. This seems to be the case with those ex hibit ing
symp toms of ADHD.



Fig ure 5.7. SPECT scan of the brain of a stu dent with ADHD be fore and af ter sup ple‐ 
ment ing with NADH.

Us ing SPECT (Sin gle Positron Emis sion Com puted To mog- 
ra phy), a re duced blood flow had been demon strated in stu- 
dents with ADHD. Fig ure 5.7 on page 74 shows a SPECT
scan of a 22-year-old stu dent with ADHD. The pho tos on the
left side of the chart show a re duced blood flow (dark ar eas)
in the brain. This short age of blood and oxy gen can be over- 
come by sup ple ment ing with NADH, as the pho tos on the
right side of the fig ure demon strate. This stu dent took NADH
(2 lozenge tablets, for a to tal of 20 mg) for two weeks, then
an other SPECT scan was per formed. The blood flow in all the
brain ar eas ap pear nor mal af ter ap pli ca tion of NADH.

Since the de vel op ment of NADH, many stu dents have taken
this di etary sup ple ment. We have re ceived re ports about the



pos i tive ef fects of NADH in terms of im prove ment of cog ni tive
and phys i cal per for mance from the stu dents them selves and
also from their par ents and teach ers.
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NADH for the Skin

ADH is also avail able as a skin serum, which con tains
only a sin gle ac tive in gre di ent, namely NADH, as nano

par ti cles com posed of lipids such as lecithin. By this car rier,
the NADH is trans ported into the skin, where it is taken up by
the der mis cells. There, it pro duces ATP en ergy and wa ter,
which is all the skin needs to stay vi tal. NADH is able to re pair
al tered skin cells dam aged by sun burn, al ler gic re ac tions, or
ex po sure to tox ins.1



WRIN KLES

NADH skin serum is ef fec tive against wrin kles. Af ter only two
weeks of a daily ap pli ca tion of a few drops of NADH, the
deep ness of the wrin kles were di min ished, and some dis ap- 
peared to tally.2

At the Uni ver sity of Freiburg, in Ger many, a study was con- 
ducted to prove the ef fi cacy of the NADH skin serum on
telang iec tasias, com mon al ter ations of the skin that are also
known as cu per oses or “spi der veins.” Thirty-six women with
ex ten sive telang iec tasias par tic i pated in this study. They ap- 
plied the NADH skin serum daily for six weeks to the area af- 
flicted by spi der veins. Be fore and at the end of the treat ment
pe riod, pic tures of the par tic u lar skin area were taken by
stan dard ized com put er ized pho tog ra phy (see Fig ure 6.1 on
page 78). These pic tures were then ex am ined in terms of
changes of the skin by two in de pen dent der ma tol o gists.
These ex am in ers judged the NADH skin serum to be very ef- 
fec tive, lead ing to a sig nif i cant re duc tion of the spi der veins.
With some women, they dis ap peared to tally.3



Fig ure 6.1. Ef fects of NADH on wrin kles.



ROSACEA

NADH skin serum is ef fec tive for rosacea, a se vere form of
acne. Af ter two weeks of treat ment with NADH skin serum,
rosacea on the sub ject’s face showed sig nif i cant im prove- 
ment. In cases of toxic der mati tis, a sig nif i cant re duc tion of
the size and sever ity of the af fected skin is pos si ble with
NADH.



DI A BETIC UL CERS

A fur ther ef fect of the NADH skin serum was ob served with a
di a betic pa tient. The pa tient was an 80-year-old woman who
had suf fered from di a betes for many years. She de vel oped
open wounds (di a betic ul cers) on her legs about nine months
pre vi ously. The pa tient had to cover these ul cers with a ster ile
ban dages, changed sev eral times a day, in or der to pro tect
this area from bac te rial in fec tions. In fec tions of di a betic ul cers
can be come ex tremely crit i cal as they can cause gan grene
for ma tion and necro sis. All ther a peu tic ap proaches tried pre- 
vi ously did not lead to a wound-heal ing ef fect. The pa tient ap- 
plied the NADH skin serum to the ul cers two times per day.
Two weeks later, the wounds were closed and thus pro tected
from po ten tial in fec tions (see Fig ure 6.2 be low). The heal ing
process con tin ued and was com pleted af ter six weeks.

Fig ure 6.2. Ef fects of NADH on di a betic ul cers.



SKIN LE SIONS

Since the de vel op ment of the NADH skin serum, we have ob- 
served ben e fi cial ef fects in a va ri ety of other skin le sions, in- 
clud ing ag ing spots, acne, con tact der mati tis, and vi tiligo (see
Fig ure 6.3 be low). A num ber of women have re ported feel ing
more ac tive and vi tal about an hour af ter ap pli ca tion of the
NADH. They felt like they were get ting an en ergy boost from
this cos metic prod uct.

Fig ure 6.3. Ef fects of NADH on skin le sions.

This ob ser va tion was in di rect ev i dence that NADH skin serum
was able to pen e trate the skin and in crease the en ergy level
not only in the der mis but in the en tire body.

Ap pli ca tion of the skin serum may be a con ve nient form of
get ting NADH into the body, par tic u larly for those who dis like
swal low ing tablets. Be cause of this ac ti vat ing and en er giz ing
ef fect, it may keep one awake longer in the evening. If this is
un wanted, the skin serum should be ap plied ear lier in the day.
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NADH to Boost Sex Drive
and In crease Longevity

BOOST ING SEX DRIVE

he cen ter for sex ual stim u la tion does not re side in the
gen i tal re gion but in the brain, more pre cisely, in the

hy po thal a mus. This pea-sized or gan is lo cated in the basal
part of the brain. The hy po thal a mus reg u lates blood pres- 
sure, body tem per a ture, and the pro duc tion of sex hor- 
mones. Sex ual as well as non-sex ual stim u la tion is gen er- 
ally trig gered by the neu ro trans mit ter dopamine. If
dopamine is lack ing in the hy po thal a mus, a de pres sive
mood arises, the ex act op po site of a ex cit ing and pleas ant
one. In pa tients suf fer ing from de pres sion, and par tic u larly
in pa tients with Parkin son’s dis ease, a dopamine deficit has
been de tected in cer tain ar eas of the brain.1 If the pa tients
ob tain L-DOPA (a pre cur sor of dopamine syn the sis) as
ther apy, the dopamine level in the brain in creases. Not only
are they less de pressed, it has been ob served with nu mer- 
ous Parkin so nian pa tients that their sex ual ac tiv ity in- 
creased af ter long-term treat ment with higher dosages of
L-DOPA.2

NADH also stim u lates the biosyn the sis of dopamine and
adren a line in the brain. Fur ther more, NADH en hances the
pro duc tion of ni tric ox ide (NO), a neu ro trans mit ter that re- 
laxes and di lates blood ves sels. As a con se quence, the or- 
gans get more blood. NADH func tions as coen zyme in the
biosyn the sis of H4-biopter ine, a com pound nec es sary for
the ef fec tive ness of ni tric ox ide syn thetase, the en zyme
which pro duces NO from oxy gen and L-argi nine (an amino
acid). NADH stim u lates the biosyn the sis of NO to a much
greater ex tent than any other sub stance.3

By the way, Vi a gra® (silde nafil cit rate) works by a dif fer ent
prin ci ple: the ac tive in gre di ent in Vi a gra in hibits the en zyme



5,3-phos pho di esterase, which reg u lates in di rectly the
degra da tion of NO. By block ing the catabolism of NO, one
may achieve an in crease in NO level. How ever, if the pro- 
duc tion of NO in the cells is low, for what ever rea son, a
block ade of its degra da tion may lead, if at all, only to a
small in crease. Phys i o log i cally, it seems more rea son able
to sim ply en hance the biosyn the sis of NO. This can be
achieved by sup ply ing the body with NADH and argi nine.
Argi nine is present in al most all pro teins, with a very high
con tent found in hazel nuts, peanuts, and al monds. Also,
soy beans and lentils con tain argi nine in higher con cen tra- 
tions.

The re lease of NO from argi nine is stim u lated strongly by
NADH. More NO in the body causes a higher blood flow
through all or gans, which means more oxy gen is cir cu lated
through the body. The more oxy gen and NADH the or gans
have avail able, the bet ter they are pro tected be cause they
have a higher ATP en ergy level.

Nu mer ous con sumers of a di etary sup ple ment con tain ing
argi nine and NADH have re ported in creases in stim u la tion,
li bido, sex drive, and sex ual per for mance. NADH in com bi- 
na tion with argi nine rep re sents a stim u lant for men and
women. This com bi na tion of fers an ad van tage over pre- 
scrip tion stim u lants in that it has no side ef fects or in ter ac- 
tions with other drugs.



OR GAN PRO TEC TION
More than 70 per cent of peo ple in the United States take
some form of medicine on a reg u lar ba sis. How ever, pre- 
scrip tion drugs are also the fourth most fre quent cause of
death. Not a sin gle sub stance by it self but rather the in ter- 
ac tions of mul ti ple drugs taken in con junc tion are re spon si- 
ble for many fa tal i ties. Pa tients as well as health au thor i ties
are well aware of the fact that drugs ex hibit not only ben e fi- 
cial ef fects but also ad verse re ac tions.

There is no doubt that phar ma ceu ti cals put a heavy load
on the body, par tic u larly if they are taken reg u larly over
many years. The liver and kid neys are the or gans ex posed
to the strong est burden. The liver at tempts to detox ify
harm ful sub stances and the kid ney must ex crete them.
These or gans do not al ways func tion in the way they
should. For ex am ple, cer tain painkillers can not be elim i- 
nated by the kid neys, so they are de posited in the or gan
and may even tu ally dam age it. The first fil ter for neu tral iz- 
ing tox ins is the liver. By its var i ous en zymes, the liver tries
to trans form the many com pounds taken as drugs to less
harm ful ones. How ever, long-term ex po sure to drugs
strains the ca pac ity of the liver and, as a con se quence, the
cells and tis sues are dam aged and even tu ally de stroyed.

In par tic u lar, al co hol causes a de te ri o ra tion of the me tab- 
o lism and tis sue in jury in a rel a tively short time, as its
degra da tion needs a lot of oxy gen.4 Al co hol con sump tion
leads to an oxy gen de fi ciency not only in the liver but also
in other or gans, par tic u larly in the brain. Con sum ing al co hol
reg u larly is harm ful as al co hol re duces the for ma tion of
sub stances es sen tial for pro duc tion of ATP en ergy. A lack
of ATP de creases the ca pac ity of the cells to ful fill their im- 
por tant func tions.5 If the ATP level in the cell drops be low a
cer tain thresh old, the cell dies and liver tis sue per ishes.6
This leads to re stricted func tion and fi nally to a com plete
fail ure of the liver. For full func tion al ity, the liver needs suf fi- 
cient oxy gen and ATP en ergy.



Stud ies dis cussed ear lier demon strated that NADH in- 
creases ATP lev els in heart cells and red blood cells, so it
likely it does the same in the liver. And from stud ies with
ath letes, we learned that NADH acts like a vac uum cleaner
in suck ing oxy gen into the cells faster—the more NADH a
cell has avail able, the more oxy gen it can take up. This
phe nom e non al lows the liver to over come the in creased
oxy gen de mand in duced by al co hol. Based on these func- 
tions, NADH can pro tect the liver from dam age by al co hol.
If liver cells have more NADH avail able, they pro duce more
ATP and the en zymes for detox i fi ca tion func tion bet ter.
NADH also re duces the time of ex po sure to harm ful sub- 
stances (such as al co hol) by de grad ing them more quickly.

A com bi na tion sup ple ment con tain ing NADH and chloro- 
phyll (the pho to syn the sis chem i cal in plants) has been de- 
vel oped for use in detox i fi ca tion. Chloro phyll, based on its
phys i cal and chem i cal fea tures, can pen e trate fat tis sue. In
most cases, tox ins (par tic u larly or ganic ones, such as
many drugs as well as al co hol) are de posited there.
Chloro phyll can en ter these cells and bind these harm ful
com pounds, neu tral ize them, and elim i nate them from the
fat tis sue. Due to these fea tures, chloro phyll pro tects lipid
tis sue. The com bi na tion of NADH and chloro phyll is a di- 
etary sup ple ment for pro tec tion of the brain, liver, and kid- 
ney.



ANTI-AG ING BEN E FITS
The term anti-ag ing has been cre ated to ful fill a de sire of
our so ci ety: peo ple want to live longer with out get ting older
and the qual ity of life should, of course, be more than ex- 
cel lent. Many peo ple don’t want to give up any thing even at
a very old age. Nu mer ous ideas are praised as con cepts
for anti-ag ing and foisted on the pub lic, in clud ing mul ti vi ta- 
mins and other sup ple ments, hor mone re place ment ther- 
apy (HRT), and even tox ins such as Botox (bo tulinum
toxin), a poi sonous sub stance that re laxes mus cles and is
com monly used to stop wrin kle for ma tion. Un for tu nately,
most of the prod ucts presently mar keted as anti-ag ing sub- 
stances and/or pro ce dures are lack ing the sci en tific proof
of their ef fi cacy.

Is the idea of anti-ag ing pure wish ful think ing? To an swer
this ques tion, we have to look at the fac tors that in flu ence
life ex pectancy. The life span of hu mans is de pen dent on
three fac tors: genes, life style, and med i cal treat ment of ail- 
ments. Ex perts be lieve that ge netic fac tors con trib ute 40 to
50 per cent to one’s life span, and life style about 30 to 40
per cent; med i cal treat ments amount to only 10 per cent, yet
most of the costs for life ex ten sion are spent on the med i- 
cal treat ments. It would be much more rea son able to in vest
in life style, the so cial en vi ron ment, and the world around
us. By this ap proach, life-threat en ing risk fac tors could be
re duced and enor mous amounts in health-care costs would
be saved. For ex am ple, ex cess weight, smok ing, al co hol,
drugs, and a seden tary life style shorten one’s life span.
Weight re duc tion, re frain ing from smok ing and al co hol, and
phys i cal ac tiv i ties on a daily ba sis in crease the prob a bil ity
of a longer and health ier life.

But from all the ideas about health-sup port ing fac tors, not
a sin gle one has been proven sci en tif i cally to ex tend the life
span. To do this, one has to doc u ment that cells, tis sues,
or gans, and the en tire or gan ism live longer un der a par tic u- 
lar reg i men. Do sub stances ex ist that can keep cells alive
for a longer pe riod of time? The an swer is: Yes, there are—



namely, the mol e cules in the cell that store en ergy. The
most im por tant of these is ATP (adeno sine triphos phate);
the more ATP a cell has avail able, the bet ter it can per form
its func tions and the longer it can live. If the ATP level falls
be low a cer tain thresh old, the cell dies.

We can in crease the ATP level in a cell by sup ple ment ing
with NADH. NADH, the bi o log i cal form of hy dro gen, re acts
with oxy gen present in all cells to form ATP. ATP con cen- 
tra tion in cells can be in creased by giv ing them NADH.7
Stud ies us ing iso lated heart cells showed an in crease in
ATP in the cells when ex posed to NADH. As a likely con se- 
quence of the in creased ATP level, the heart cells ex hib ited
a stronger vi a bil ity and a longer life span af ter in cu ba tion
with NADH. This life-ex tend ing ef fect of NADH could be
demon strated with other cell types as well.

Pre lim i nary find ings from a Uni ver sity of Graz study in di- 
cate that trans plantable or gans, such as hearts, can be
pre served for a longer pe riod of time by adding NADH to
the pre serv ing so lu tion. Ac cord ing to these ex per i ments,
the func tional ca pa bil ity and vi tal ity of the heart can be kept
longer as the heart gains more en ergy by NADH. What has
been shown for the heart, the most im por tant or gan of our
body, should work also for other or gans.
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Con clu sion

ADH is the only sci en tif i cally proven sub stance on
earth that in creases ATP en ergy in a cell. Hav ing

more en ergy, the cells func tion bet ter and so will the tis- 
sues and or gans and, in fact, the whole body. NADH pro- 
vides you with more en ergy, whether you are a highly con- 
di tioned ath lete or a chronic fa tigue syn drome suf ferer. All
peo ple can ben e fit from NADH, par tic u larly those with an
en ergy-drain ing life style. For el derly peo ple, many of whom
suf fer from de pres sion, Parkin son’s dis ease, or Alzheimer’s
de men tia, NADH may be ex tremely ben e fi cial in giv ing
them a greater vi tal ity and a much bet ter qual ity of life.

NADH is im por tant for peo ple to day to pre serve and op ti- 
mize their health. And NADH, based on its mul ti ple ben e fi- 
cial ef fects, should gain an even greater im por tance for
peo ple in the fu ture. The en ergy-in creas ing ef fect of NADH
as well as its ca pa bil ity to re pair dam aged cells will have an
enor mous im pact for pre vent ing dis eases, par tic u larly for
chronic dis eases such as heart dis ease, can cer, ar te- 
rioscle ro sis, and rheuma toid arthri tis. Pre ven tion of dis ease
is def i nitely the best and most cost-sav ing form of
medicine.

All peo ple with a ge netic pre dis po si tion and an un healthy
life style should re ceive NADH as a pre ven tive sup ple ment
to re duce the el e vate risk of de vel op ing one of these dis- 
eases. By this ap proach, the in ci dence of heart at tacks or
can cer may be re duced con sid er ably and could save enor- 
mous health-care costs. The long-term use of a nat u ral,
safe, and ef fec tive en er giz ing sub stance such as NADH
could prove to be a quan tum leap in medicine.



NADH—the bi o log i cal hy dro gen—gen er ates en ergy for
ev ery liv ing cell. With NADH as fuel for cel lu lar en ergy pro- 
duc tion, the se cret of our life en ergy has been re vealed. I
hope you will take this se cret as a per sonal mes sage to
stay vi tal and healthy and main tain a high qual ity of life for
as long as pos si ble.



Glos sary

Aki ne sia. Loss of nor mal mo tor func tion, re sult ing in im- 
paired mus cle move ment; a term used in neu rol ogy to de- 
note the ab sence (or poverty) of move ment.
Amino acids. Build ing blocks of pro teins, they also act as
in ter me di ates in me tab o lism.
An tiox i dants. Sub stances that pre vent ox i da tion. For ex- 
am ple, if fats or but ter are ox i dized, they be come ran cid.
Nu tri ents in our foods that can pre vent or slow ox ida tive
dam age to our body are called an tiox i dants.
Apop to sis. A form of pro grammed cell death in mul ti cel lu- 
lar or gan isms. It in volves a se ries of bio chem i cal events
that lead to a va ri ety of mor pho log i cal changes (in clud ing
bleb bing), changes to the cell mem brane (such as loss of
mem brane asym me try), and fi nally to the death of the cell.
Argi nine. A nonessen tial amino acid, mean ing it can be
man u fac tured by the hu man body and does not need to be
ob tained di rectly through the diet. An i mal sources of argi- 
nine in clude dairy prod ucts, meats, poul try, wild game,
seafood, wheat germ, buck wheat, oat meal, nuts and
seeds, and soy beans.
ATP. The ab bre vi a tion for adeno sine triphos phate. ATP is
the en ergy for life, be cause it is present in ev ery liv ing cell
and cat alyzes all phys i o log i cal re ac tions that need en ergy.
Ev ery phys i cal and men tal per for mance (e.g., mus cle con- 
trac tion or think ing) needs en ergy that can only be sup plied
by ATP.
Car cino gen. Refers to any chem i cal and phys i cal sub- 
stance (e.g., to bacco smoke, as bestos, or ra di a tion) that is



an agent di rectly in volved in the pro mo tion of can cer or in
the fa cil i ta tion of its prop a ga tion. This may be due to the
abil ity to dam age the genome or to the dis rup tion of cel lu lar
meta bolic pro cesses.
Cel lu lar im mune sys tem. Also called cell-me di ated im mu- 
nity, it is an im mune re sponse that does not in volve an ti- 
bod ies but rather in volves the ac ti va tion of cer tain white
blood cells, such as T-lym pho cytes and macrophages. Cell-
me di ated im mu nity is di rected pri mar ily at mi crobes that
sur vive in macrophages and phago cytes, and mi crobes
that in fect non phago cytic cells. It is most ef fec tive in re- 
mov ing virus-in fected cells, but also par tic i pates in de fend- 
ing against fungi, pro to zoans, can cers, and in tra cel lu lar
bac te ria.
CFS. The ab bre vi a tion for chronic fa tigue syn drome, a con- 
di tion char ac ter ized by ex treme ex haus tion and the in abil ity
to work. In Eu rope, CFS is bet ter known as myal gic en- 
cephalomyeli tis (ME). World wide, a cou ple of hun dred mil- 
lion peo ple suf fer from CFS.
Coen zyme. A nec es sary com po nent for an en zyme to be- 
come ac tive. You can com pare en zymes and coen zymes
with the en gine in a car. The en zyme is the en gine and the
coen zyme is the spark that trig gers the ex plo sion of the
fuel. Coen zyme mol e cules are of ten vi ta mins or are made
from vi ta mins. Many coen zymes con tain the nu cleo tide
adeno sine as part of their struc tures, such as ATP, coen- 
zyme A, and NAD+.
Cy tokine. A cat e gory of sig nal ing mol e cules in our body,
which, like hor mones and neu ro trans mit ters, are used ex- 
ten sively in cel lu lar com mu ni ca tion. While hor mones are
se creted from spe cific or gans to the blood, and neu ro trans- 
mit ters are re lated to neu ral ac tiv ity, the cy tokines are a
more di verse class of com pounds in terms of ori gin and
pur pose. They are pro duced by a wide va ri ety of cell types,
in par tic u lar, by white blood cells. Cy tokines are crit i cal to
the de vel op ment and func tion ing of both the in nate and
adap tive im mune re sponse.



Cy to toxic. Toxic to cells, cell-killing. Any agent or process
that kills cells can be called cy to toxic. Chemo ther apy and
ra di a tion are forms of cy to toxic ther apy.
DNA. De oxyri bonu cleic acid is a nu cleic acid that con tains
the ge netic in struc tions used in the de vel op ment and func- 
tion ing of all known liv ing or gan isms and some viruses. The
main role of DNA is the long-term stor age of ge netic in for- 
ma tion, the in struc tions needed to con struct other com po- 
nents of cells, such as pro teins. The DNA seg ments that
carry this ge netic in for ma tion are called genes.
Dopamine. A hor mone and neu ro trans mit ter oc cur ring in a
wide va ri ety of an i mals, in clud ing both ver te brates and in- 
ver te brates. Dopamine is pro duced in sev eral ar eas of the
brain. As a chem i cal mes sen ger, dopamine is sim i lar to
adren a line and af fects brain pro cesses that con trol move- 
ment, emo tional re sponse, and the abil ity to ex pe ri ence
plea sure and pain.
En zymes. Sub stances that cat alyze meta bolic pro cesses
in the body. With out them, our daily food can not be di- 
gested and no vi ta mins or min er als es sen tial for life can be
used. Usu ally, en zymes are large mol e cules such as pro- 
teins to which the sub stance to be me tab o lized is bound
and turned over into an other sub stance.
Free rad i cals. Highly re ac tive mol e cules that can in ter fere
with al most all com po nents of body cells. They can be
formed when oxy gen in ter acts with cer tain mol e cules.
Once formed, free rad i cals can start a chain re ac tion, like
domi noes. Their chief dan ger comes from the dam age they
can do when they re act with im por tant cel lu lar com po nents
such as DNA or with the cell mem brane. Cells may func tion
poorly or die if this oc curs. To pre vent free rad i cal dam age,
the body has a de fense sys tem of an tiox i dants.
Glu cose. Also known as grape sugar, it is an im por tant
car bo hy drate in bi ol ogy. The liv ing cell uses glu cose as a
source of en ergy and as a meta bolic in ter me di ate.



Hu moral im mune sys tem. The as pect of im mu nity that is
me di ated by an ti bod ies (as op posed to cell-me di ated im- 
mu nity, which in volves T-lym pho cytes) pro duced in B-lym- 
pho cytes, a sub group of white blood cells. They se crete
an ti bod ies that bind to the sur faces of in vad ing mi crobes
(such as viruses or bac te ria), which flags them for de struc- 
tion.
In tra venous (IV). The giv ing of liq uid sub stances di rectly
into a vein.
Isoflavones. A class of rather small, usu ally yel low-col ored
or ganic com pounds re lated to the flavonoids. Isoflavones
and isoflavone-rich foods pos sess ac tiv ity against can cer.
Krebs cy cle. A meta bolic round about cy cle that is the fi nal
com mon catabolic path way for the ox i da tion of fuel mol e- 
cules taken up by nu tri tion. In the course of the cy cle, four
ox i da tion-re duc tion re ac tions take place to yield re duc tion
po ten tial in the form of three mol e cules of NADH and one
mol e cule of FADH2. The Krebs cy cle is also called the cit ric
acid cy cle or tri car boxylic acid (TCA) cy cle but is most well-
known un der the name of its dis cov erer, Sir Hans Krebs.
Lipids. Or ganic mol e cules of fat oc cur ring in the body.
They are hy dropho bic, mean ing that they don’t like wa ter.
This group of mol e cules in cludes fats and oils, waxes,
phos pho lipids, steroids (like choles terol), and some other
re lated com pounds.
Metas ta sis. The process by which can cer spreads from
the place at which it first arose as a pri mary tu mor to dis- 
tant lo ca tions in the body. Metas ta sis de pends on the can- 
cer cells ac quir ing two sep a rate abil i ties, in creased motil ity
and in va sive ness. Cells that metas ta size are ba si cally of
the same kind as those in the orig i nal tu mor. If a can cer
arises in the lung and metas ta sizes to the liver, the can cer
cells in the liver are lung can cer cells.
NADH. The ab bre vi a tion for nicoti namide ade nine din u- 
cleotite hy dride, also known as coen zyme-1. Nicoti namide



is an other term for vi ta min B3, hence NADH can be re- 
garded as coen zyme form of B3.
Neo plas tic. From the Greek mean ing “new growth.” The
ab nor mal pro lif er a tion of cells, re sult ing in a struc ture
known as a neo plasm. A pre cise and all-en com pass ing def- 
i ni tion of neo plasm has proven elu sive, but the def i ni tion of
the British on col o gist R.A. Willis is widely cited: “A neo- 
plasm is an ab nor mal mass of tis sue, the growth of which
ex ceeds and is un co or di nated with that of the nor mal tis- 
sues, and per sists in the same ex ces sive man ner af ter
ces sa tion of the stim u lus which evoked the change.“
Neu ro trans mit ters. Chem i cals that are used to re lay, am- 
plify, and mod u late sig nals be tween a neu ron and an other
cell.
Nicoti namide. Also known as niaci namide, this is the
amide of nico tinic acid (vi ta min B3), a wa ter-sol u ble vi ta min
and part of the vi ta min B com plex. In cells, niacin is in cor- 
po rated into nicoti namide ade nine din u cleotide (NAD) and
nicoti namide ade nine din u cleotide phos phate (NADP).
NAD+ and NADP+ are coen zymes in a wide va ri ety of en- 
zy matic ox i da tion-re duc tion (re dox) re ac tions.
Ox i da tion. The in ter ac tion be tween oxy gen mol e cules and
all the dif fer ent sub stances they may con tact, from met als
to liv ing tis sue. In a liv ing or gan ism, ox i da tion (par tic u larly
ox i da tion of lipids of the cell mem brane) can lead to se vere
dam age and even cell death.
Ox ida tive phos pho ry la tion. A meta bolic path way that
uses en ergy re leased by the ox i da tion of nu tri ents to pro- 
duce adeno sine triphos phate (ATP), the mol e cule that sup- 
plies en ergy. Al though the many forms of life on earth use
a range of dif fer ent nu tri ents, al most all carry out ox ida tive
phos pho ry la tion to pro duce ATP.
Phago cyte. A bi o log i cal cell that in gests and de stroys for- 
eign mat ter, such as micro organ isms and de bris, by a
process called phago cy to sis (from the Greek mean ing “cell
eater”).



Re duc tion. Re mov ing oxy gen from a com pound. For ex- 
am ple, if you re move oxy gen from wa ter, you get pure hy- 
dro gen, which is the strong est re duc ing agent. The bi o log i- 
cal form of hy dro gen is nicoti namide ade nine din u cleotide
hy dride (NADH), which is the most po tent bi o log i cal re duc- 
ing agent (equiv a lent to the strong est an tiox i dant).
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