Greenberg: Understanding the Redox Measuremene of the Biological Terrain

Understanding the Redox - (rH ) Measurement

of the Biological Terram

The measurement and assessment of
pH in the bioclogical field is well defined
and documented.? Tt is known and
accepted that enzyme kinetics as deter-
mined by the Michaelis-Menton equa-
tion for the determination of maximum
enzyme velocity is pH-dependent.?
Maximum enzyme velocity and linetics
are also suhserare concentration and tem-
perature-dependent as well. Science. has
clearly demonsuaced thar assessing and
comprehending the factor of pH is a cru-
cial aspect of understanding the bio-

chemistry and physiology of the human-

bady.**

In contrasy, the discernment and
dynamic implications of oxidation-
reduction {redox) potential is only now
-oming to the forefront of modern med-
cine. Even though this field of science

as been evaluated and scrutinized since
928, it has not received the attention or
edication that pH has afforded.® There
re many leading authorites who believe
1at redox potentia.l is even more signifi-
ant than pH in understanding biologi-
al acrions and mtemcuons.“’ In facr,
ne leading authoriry has stated that “in
oth living and non-living narure, oxida-
ion and reduction reactions are more
mportant than acid and base reactiens.™

It is, therefore, essential thar the full
ignificance of redox potential and its
ncompassing influence on disease be
vell understood. Redox potendal even
10w is already being viewed by marine
siologists as the key factor in sustaining
-he quality of aquade life. Its measure-
ment enables scientists o secure the suc-
cess of sexual reproduction and longevity
in aquatic lifeforms."*" The complete
understanding of redox porental, the
rH,, factor, and how these values affecr
human chemistry and physiology musc
also be researched and established.

According to an assemblage of well
respected researchers and authors, oxida-
tive stress is the key factor in many
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symptoms and disease states e.g.,
CFIDS, FMS {fibromyalgia syndrome),
IBS (icritable bowel syndrome)}, alter-
ations in nucleic acid sequences which
may lead to cancers, environmental sen-
sitivities, accelerared biological aging,
food allergies, Lealy Gue Syndrome,
energy deficiency, fatigue, sleep distur-
bances, immune dysieguladion, cardiac
problems, ‘ocular problems, liver prob-
lems, kidney problesss, and pancrearic-
based problems just to name a few.™ "
It seemns thar oxidative scress and the far
reaching effects thar this biochemical
occurrence embraces, can now be direct-
ly or indirectly ateribured to almost all of
life’s ailments and physiological dysfunc-
tons.

Dr. Helmuc Sies was paramount in
caregorizing all of these conditions under
one united and comprehensive defini-
tion. He concluded thar any shift in the
redox potential toward increased oxida-
ton of cellular macromalecules demon-
strated oxidative seress, He further
believed that this shift in redox potential
could be measured and could provide
vital information concerning the pro-
gression and degree of cellular damage.

Mitochondrial damage, concentration
of reactive oxygen species, anaerobic
metabolism, derailment of the oxidative
phosphorylation-electron  transport
chain and production of free radicals are
all the results of oxidative scress and
redox potential, @ Therefore, in order to
fully comprehend the extent of aberrant
cellular funetion manifested in the con-
ditions stared above, 2 viable working
knowledge of redox potential must be
established.

Redox potential is perhaps best
described as a representation of overall
elecrran activity. Tt must be clarified that
in the eruest swate of physics, free elec-
wons do not acrually exist in aqueous
solutions. They exist in 2 homogencous
blend and are ofter times being trans-

Part 1

ferred from one atom or ion to another. 7
In a broader sense, redox patential could
be considered as 2 measurement of the
ease with which a substance either
absorbs or releases elecrrons. * This
donation or acceptance of electrons is
correctly termed oxidaton and reduc-
tion. Simply stated, oxidation is the loss
of electrons and/or hydrogen atoms
and/or the gain of oxygen. Reduction is
the gain of electrons and/or hydrogen
aroms and/or the loss of oxygen. *

The determination of redox potential
is a potentipmerric *measurement.
Within micro-limits, no actual current
flows through the sample solution dur-
ing this measurement process.™ This
limitation guarantees that no changes in
the solution’s chemical composition
occur due to electralysis. This also guar-
antees that undesirable electrode surface
polarization is minimized. During the
formation of the redox porendal mea-
surement, electrons either flow from the
sensing electrode device to the redox sys-

tem or vice-versa. This separation of

elecrrical charge causes a porendal to
accumulace on the metal surface of the
elecrrode. This porential represents the
propensity of an aqueous solution to
gain or lose elecrrons and is measured in
milfivolrs. 2

There are two different types of redox
reactions:

Example #1

2Fe? + 21—, 2Fe? + 1,
This is an example of a reaction in
which electron movement occurs due to
alterarions in ionic valences. In chis reac-
tion, iron which begins in the ferric state
(Fe+3) gains an electron and is reduced
to the ferrous stare  (Fet2).
Simultaneously, iedine in the -1 stawe
loses an electron and is oxidized to atom-
ic iodine. This reaction represents the

“rypical” form of a redox reaction. This
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type of redox reaction occurs mosc fre-
quently outside the physical body. #

Example #2

NADH+H*

CH3 CH3
i
c=0 N H-C-OH
|
COOH COOH

This is an example of a redox reaction
that occurs withour the visible exchange
of electrons. Instead, the redox reaction
transpires as a result of the exchange of
hydrogen atoms. This occws ar che
expense of NADH + H+ being convert-
ed into NAD and liberating 2H's. These
2H’s ase then picked up by pyruvate
which subsequently causes a conversion
10 lacrare. In this reaction there are no
visible exchanges of electrons or valence
stares as is demonstrated in example #1.
Nevertheless, a complete redox reaction
has occurred, In this example NADH +
Fi+ has been oxidized to become NAD.
Subsequent'y, pyruvate has been reduced
to hecome luctate. While che first exam-
ple occurs more frequently outside the
human bedy, the second example pre-
dominates inside the human body. Most
redox reactions that are seen inside the
human body oceur nat as an exchange of
electrons that cause valence alteracions,
but instead as a production of energy
rich reducing agents, in the form of
NADH + H+ or FADH,,. #

All redox reactions, whether they are
similar ro example #1 or #2, conform w0
Nernst's law which states:

D fed)

E=E"42.3%

* In this equation:
E = redox potental in millivolrs

E® = the standard elecrrode pocential
when all activity is equal to unity

R = the gas constant or 8.314 J°mol
= absolute temperature
n = number of electrons involved in

the reaction

F = Taradays constanc or 96000
coulombs

When an exchange of hydrogen atoms
does not occur, the redox reaction is con-

sidered pH independent.?™ (See exam-
ple #1) When hydragen aroms play a key
role in the redox reacdon, it is pH
dependent. (See example #2) The rela-
tive concentrartion of hydrogen ions will,
in fact, play a significanc role in the over-
all E or redox potential ® An analysis of
these stared sciendfic facts clearly docu-
ments that redox reacrions thar occur
inside the body which are dependent
upon the transference or exchange of
hydrogen aroms are completely depen-
dent upon changes and adjustments in
relarive pH conditions. Redox reactions
which are independent of the transfer-
ence or exchange of hydrogen aroms are
completely independent of changes and
adjustments in relative pH conditions.
This viral fact can be demonstrated when
Nernst’s equation is solved with direct
reference to the relative exchange of
hydrogen atoms. To solve Nernsts equa-
rion under these parameters it is essential
to understand the [ollowing reaction
expressed by the efjuation:

H, 2H* 4+ 2¢

In this equarich, asomic hydrogen dis-
sociates into hydrogen jons and simulta-
neously liberates electrons. This reaction
is termed the “universal reference reac-
tion” because it represents the basis of all
universal [ife.?” Therefare, when solving
Nernst's equation udilizing the “universal
reference reaction” it becomes:

1)
ln 555

E=F"+23%

When expressed in this farm, the log
of the hydrogen ion concentration (H+)
is equal to the pH. IMowever, because

" the molecular hydrogen concentration

{H.,) is not a measurement that.can be
evaluated in rerms of concentration like
pH, it must instead be measured in

_terms of pardal pressure. This mode of

measurement is essential since P, at
room remperature or greater, e.g., body
temperature, is in 4 gaseous state. A gas is
easily defined in terms of parrial pressure
and is represented by the synibol r. The
partizal pressure of molecular hydrogen is
therefore represented by the symbol 1,
and is measured in rerms of atmospheric
pressure known as “bar.™¥ ‘

i
v
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Understanding the Redox (rHZ) Measurement

of the Biological Terrain:

The defining and usage of tH., was first
noted in print by Dr. W. C%zu’k. Dr,
Clarles original intention for inventing
this factor was to prove chat E of a biolog-
ical system was independent of pH.
Unforrunacely, this discovery did not
prove his hypothesis, but instead further
documented thar a biological, or as he
stated, 'an organic system’ is filly depen-
dent wpon variances in the hydrogen ion
cancentration or pH. 2 i

Therefore, when E of 2 bioirc;ygical fluid.

is elecronically measured, this value alone

doer mot fully represent the internal state
of electron donors and electron acceprors.
Instead, a true and accurate value muse
take into account the specific pH of the
biological fluid in question** Only by
utilizing the Nernst equation and elec-
cronically measuring the E value and pH,
can the mast accurate representation of
redox in an active biological solution, or

tH.,, be derived. This derived value repre- |

sents the standard by which all redox reac-
tions existing within a biological solution
must be measured.

In the advancing- field of Bialogical
Terrain Assessment™, the evaluation of
rH,, must be considered,*¥* This facror
serves as an excellent source of evaluaring
the relative condition of oxidarive scress.
When rH, is ucilized in relationship 1o the
biological fluids of blood, saliva, and
urine, valuable scientific data can be ascer-
tained in relztionship to the degree and
concentration of cellular oxidarive stress.

" This objeciive information can aid in the
assessment of many cellular and mite-
chondrial functions which have been
ditecdly associated with many diverse sub-

pathalogical and pathological condidons, #
The optimal values of pH for biological

solutions is 2 well documented and
understood science. Guyton’s Textbook of
Medical Physiology clearly states and refer-
ences the oprimal ranges for blood, saliva,
and urine. However, unl now the opti-
mal values for rH, have not been as
caslly accessible and verlfiablc Up to this
time, the tH, values char were referenced
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as optimal were values compiled by the
French hydrologist and professor Louis
Claude Vincent." Almost 40 years ago,
Professor Vincent compiled the optimal
values by testing a large base sample of
athletes in the French Alps. He considered
these individuals to be representative of
optimally healthy individuals and there-
fore assumed that the mathematical aver-
age of their readings should represersy:. the
optimal facrors. While testing a Jarge sam-
ple population of subjects has a definitive
place in determining laboratory values,
the elecrical and necessary mathemarical
calculations were not fully undeistood
and known at chat time. The required
electrical equipment of thar era to test E
commonly experienced a phenomenon
thac is even present in today'’s advanced
rechnologies. This phenomenon is known
as electrode poisoning*

Electrode poisoning is a generic, mod-
ern term for a delererious alterafion in the
platinum surface of a redox electrode..

When a redox eleerrode is placed in an -

oxidizing solution, chemical adsorption of
axygen occurs which causes a monomale-
cular oxide layer. This layer serves as an
oxidation reserve which tends to mainrain
the electrode potential at an elevated level

even when the redox potential of the sam-—

ple solution has diminished, resulting in
slow, sluggish response times. This effect

is even more nonceable when dilute bio-

logical solutions are being ested. A simi-
lar scenario is created when the redox elec-
trode is placed in a reducing solution.

. This dme, however, chemical adsorption

of hydrogen and not oxygen is encoun-
tered, The monomelecular reduced layer
thar is generated from a reducing solution
creares the same ultmate effect on the
electrode that the oxide layer created only
the opposite. Whereby this newly formed
layer creaves slow sluggish responses, it
now diminishes the electrode potential
even when the redox potential of the sam-
ple solution has increased. Like the
monomolecular oxide layer, the

monomolecular reduced layer is scnsitive |

to dilute biclogical solutions®4  Since

- pxidarion to have reduction!”

Part 11

the phenamenon of elecrrode poisoning
was not readily understood undl recendy,
the probabilitcy thar Professor Vincenc
encountered this factor or was even aware
of its existence, is quire obtuse.

In addition to the electrode poisoning,
additional facrors need o be closely scru-
tinized before acceprance of Professor
Vincent's value¥ are genérahzcd The sec-
ond”factor thar_deserves investigation is
temperture cqmpcnsmon of biological
samples. While in its purest physical
chemistry definition, E is not dependent
upon variations in temperature, rH, is
dependent.” A simple review of ‘the
Nernst equation clearly demonstrates the
profound effects chat varying temperature
samples will have on the resultant rH,
value. When testing biological fluids, it is
almest impossible to guarantee that fluids
that were drawn at different dmes and
having varying duratons of exposure
room temperarure will have identical tem-
perature readings. This facr dictates why ic
is essential to electronically and mathe-
matically compensate for any variances
that may oceur in temperature from sam-
ple to sample during the actual testing
process. While the overall significance
that variances in remperature have an
alrerations in the resuldng rH, facrors are
relarively small in comparison to the elec-
trodes poisoning effect, they do never-
theless exist and should he considered.
Not only do these temperature faceors
have a role to_play in H,, derivation, but
nowhere in the liceraure did Professor
Vincent even acknowledge their existence.
These Factors create further credibilicy
gaps which serve o allow addidonal
query of Professor Vincene's rH, optimal
values.

The fnal concern in relaton to the pre-
cision and accuracy of the optimal rH,
values is in the theorertical understandmg
of redox porential. By pure definiton,
“every redox reaction must have an oxi-
dant and a reductant.™® “There has to be
These sim-
ple bur accurate scientific statements out-
line the parameters that must be adhered

208

Biomedical Therapy / Vol. XVI/ No. 2 1998



Greenberg: Underseanding che Redox Measurement of che Biolojgical Tervatn, Pare 2 B R ol et al b s -.

to under ‘ideal’ situations. In other words,
the variance in clectron concentration
from a given reaction should have a net
gain or loss of zero. When one substance
has donated a hydrogen atom, carrying
with it cthe electron, another substance
will accept the hydrogen atom and the
corresponding  carried
Therefore, under ‘ideal’ parameters and
viewing the rH, value as approaching
perfect chemical laws, the current optimal
values as determined from the worlks of
Professor Vincene cannot be considered.

_ When you solve the Nernst equation for
_the biological solutions of blood, sallva,
- and uriné and consider all of the signifi-

" cant factuad scienrific information thart is

available today, a slight variance from
Professor Vincents values become appar-
ent. The ‘blood, which according o
Professor Vincent has an ideal rH, 0 22
should now mare accuraeely be consid-
ered a8 21.7. The saliva, which according;

. to Professor Vincent also had = ¢H., of 22,

now becomes 20.0. And the urine, which
according to Professor Vincent had a 1.,

) ‘ of 24, now becomes 20.6.

It is therefore imperative for all students
evaluating Biociogical Terrain. o use these
values as ideal paramerers and nor ta

anticipate the return of the: parients val-

ues to these exact points. These specific

factors are intended to serve as reference
_points and must be writized as such. They
"¢ clearly represent ‘ideal’, optimal. factors

that unlike most standardized lahorasory
values have nor been marhemarigally
adjusted 10 compensate for the deterioras-
ing health of the populatien. It is certain-
ly possible, if deemed appropriate, to
accurately and scientifically analyze with
precise electronic equipmcnr, 4 mass pop-
ulation and mathematically compre the
mean rH,, values. Thesc new derived val-
ues would then became the new optimal
values that all biological standards would
be referenced against. Bue truthfilly, why
we would want to have those values thar
represent the crue state of unwellness of
our population? -

We must remember dhac the assessment

of the tH,, factor in the Biological Terrain

does not actually diagnose a condition.™
Tts truest wealth of value is atwained from
the scientific determination of relative
and comparative states of oxidative stress
only. Therefore, it makes mare sense to
understand that the stadstical ‘mean is
insignificant when we consider the con-

eleccron.

cept of scientific optimal value. The true -

evaluation of the rH.,, factor should there-
fore center around the degree of variance
thar the sample displays from the oprimal
value and the direction thar the chosen
therapy maves the biological fluid. These
simple but profound examples exemplify
the raw, casily atrainable, purely scientific
data char the assessment of the Biological
Terrain can offer.

Upoen reviewing the current literarure,
it becomes apparent that chrough the
ohservarion and assessment of variations
in the rH., facror, the degree and exeent of
cellular oxidarive stress could be deter-
mined. Within these factors lie the poten-
tial “key in regulating hiological rissue
aging as well as solving the mystery of
countless disease and pathological candi-
tions. Many authors, scientists, and prac-
ticing physicians already recopnize the sig-
nificant inherent role thar oxidative stress
has in the realm of current medicine.
[erwvever, it is time o unvelt the core def-
initton and understanding of this para-
digm and fully grasp its mest basic mean-
ing, Oxidative stress is related to a shift in
the radox porential toward increased oxi-
carone of cellular macromolecules. By
fully embiacing this current awareness,
testing for che body’s E value and solving
the tH; factor, it becomes evidenr that a
simple, accurate assessment of the cellular
oxidarive stress level is readily accessible.
The wrilization of this technology is frecly
available ro every praciitioner today.
However, ane must first have a thorough
comprehension of redox potential to fully
understand the premise of Biclogical
Terrain and its significance. The study of
Biolepical Terrain is not only a gift from
the past, but also represents a key o the
successful health of our present and our
fucure.

* The precision and accuracy afforded us
by modern-day technological advance-
ments is enabling us to obein more sci-
entific research dara than ever before in
history. It is our responsibility as scientists
and practitioners o embrace these

.expanded discoveries and shift our old

health paradigms. This will enable us ro

accurately access and moniror the expand- -

ing health needs of our patients. Given

" the overall circumstances of his era and

the relative state of biochemistry and elec-

tronics, the worl that Professor Vincent

accomplished was truly nothing shore of
extraordinary. Today, with the aid of mod-

ern technolopy and current perspectives
an physics-and chemistry, [ have been able
to not only improve on his foundadon,
but document the entire process as well.
My truesc heart felr thanle-you is therefore
extended to a mentor that 1 have never
had the opportunity to meet, Professor
Louis Claude Vincent!
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