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It is known that nicotinamide adenine dinucleotide (NADH/NAD™) serves as a cofactor for many
enzymes involved in the cell metabolism, redox control, signaling, biodegradation and other pro-
cesses. Thereby determination of NADH/NAD" production is commonly used for the measurement of
NADH/NAD"-dependent enzymes activities. However, NADH may be oxidized spontaneously to
NAD™ form, so the aim of this study was to develop new approach for spectrometric determination of
real NADH content in a sample.

There had been used optical absorbance intensities at wavelengths 234, 260, 290, 340, and 400
nm in order to calculate the percent of NADH in a sample.

An original formula for the calculation of NADH percent in a sample was figure out, and the
example of its application was presented.

The proposed calculation method could be applied for quick and routine NADH content determi-
nation at any laboratory equipped with spectrometer.

Proposed method may be used for quick and routine determination of NADH content in any labo-

ratory equipped with spectrometer.

Key words: NADH content determination, ultraviolet (UV) spectrometry.

Niacin (vitamin B3) and its coenzyme forms
NAD (nicotinamide adenine dinucleotide) and
NADP (nicotinamide adenine dinucleotide
phosphate) play an important role in cellular
metabolism, including glysolysis, Krebs
cycle, fatty acids oxidation, etc [1-3]. As
well, NAD*/NADH have a critical impact
on the cell signaling [2, 4], redox state [1],
biodegradation and detoxification [5], stress
response [6], DNA reparation [7], stemness
and pluripotency [8, 9], differentiation,
development, and transformation [10].
Novel studies demonstrate that NAD™
supplementation may be used for treatment
or correction of amyotrophic lateral sclerosis
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(ALS) [11], congenital malformations [12],
and Friedreich’s ataxia (FA) [13]. Also, Ye
and colleagues demonstrated the essential
role of NAD" salvage pathway and the enzyme
nicotinamide phosphoribosyltransferase in the
proliferation of colorectal cancer [14].

Nicotinamide adenine dinucleotide exists
in two forms: an oxidized (NAD") and reduced
(NADH) form. In cell metabolism, NAD"/
NADH are involved in redox reactions,
carrying electrons and protons from one
compound to another[1].

Biochemical studies use various enzymatic
methods with the evaluation of produced
NADH concentration [15-18]. However,
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NADH may be spontaneously oxidized to
NAD" during storage [19, 20], so there is
a strong need to develop a quick procedure
for measurement the real NADH content in
NADH reagent for the proper estimation of the
obtained results.

Both NAD" and NADH strongly absorb
ultraviolet (UV) light because of the presence
of adenine. For example, absorption peak of
NAD" is at a wavelength of 259 nanometers
(nm), with an extinction coefficient of
16,900 M lcm™!. NADH also absorbs at higher
wavelengths, with a second UV absorption
peak at 339 nm with an extinction coefficient
of 6,220 M 'cm™'. This difference in the
ultraviolet absorption spectra between the
oxidized and reduced forms of the coenzymes
at higher wavelengths makes it simple to
measure the conversion of one to another
forms in enzyme assays by measuring the
amount of UV absorption at 340 nm using a
spectrophotometer [21, 22].

NAD"' and NADH also differ in their
fluorescence. NADH in solution has an
emission peak at 445 nm (A excitation —
340 nm) while the oxidized form of the
coenzyme does not fluorescent [21, 22].
But sometimes such fluorescent estimation
is not appropriate or not available for the
determination of reduced/oxidized form ratio.

The aim of this study was to elaborate a
method for the rapid evaluation of NADH
content in NADH reagent by the UV
spectroscopic measurement and calculation.

Materials and Methods

Chemicals and reagents. NADH and NAD™"
were obtained from AppliChem. Resazurin
sodium was obtained from Sigma Chemical
Company. Phenazine methosulfate and
other reagents were obtained from Alfarus
Company. All used reagents and chemicals
were of analytical grade.

Equipment and sofrware. Spectro-
photometer mQuant Microplate Reader and
fluorimeter FL800 Microplate Reader (BioTek
Instruments) were used. Data was plotted
using Genb5™ Data Analysis Software.

Estimation of NADH samples fluorescence.
Three 0.18 mM NADH samples in 50 mM
phosphate buffer (pH 7.6) were prepared from
NADH-reagents with different storage time.
These NADH samples were going to be used as
the NADH concentration standard solution for
enzymatic dehydrogenase reactions. To these
samples were added 0.1 mM PMS (phenazine
methosulfate) and 0.1 mM Resazurin dye and

in 10 min the fluorescence data (ex 545 nm; em
600 nm) were measured.

Data analysis. Fluorescence (ex 545 nm;
em 600 nm) of NADH samples with PMS/
resazurin dye was present as mean=sd.
Percent of NADH in selected samples of NADH
reagent was calculated in Microsoft Excel
using developed formula “% NADH”. Pearson
correlation coefficients were determined using
Microsoft Excel build-in procedure.

Results and Discussion

Development of the method. NADH
evaluation may be conducted using
spectrophotometric or fluorescent methods [21,
22]. BioTek’s kit of reagents “Determination of
NADH Concentrations” demonstrates linear
concentration dependence on absorbance at
340 nm and fluorescence at 445 nm especially
for low NADH concentration [22]. But for
applying such methods, the standard of exact
NADH concentration is needed for the correct
calibration. Thereby, an express approach for
the NADH content correct evaluation in NADH-
reagents would be useful.

Spectral scan of the NADH solution is
represented at Figure. It is supposed that
five wavelength points reproduce such
spectral feature. They are: 234 nm, 260 nm,
290 nm, 340 nm, and 400 nm. Three
wavelength points (234 nm, 290 nm, 400 nm)
describe the background of the spectra. Two
other points (260 nm and 340 nm) are the
maximum absorbance of NAD'" and NADH,
correspondingly.

To diminish the influence of background
data, it was calculated “relative absorbance”
(OD'):

oD,,, -0D
OD}: = (0D, _OD234)+M'(7"

—234),
(290 —234)
for wavelength range from 234 nm to 290 nm
D,,, —OD
OD! = (0D, 0D, )+ 2220 =P 3 190

(400 —290)

for wavelength range from 290 nm to 400 nm.
The sum of the relative absorbance points
(“integral”) for the two bands was calculated.

290 400

Ivao = z OD;»’ Inaon = Z OD;,U

A=239 A=290

Then, these two obtained integrals were
normalized by the maximal relative absorbance
for each range.

’ _ ro. ’ _ ’
INAD - INAD /OD26O’ INADH - INADH /OD340'
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The results of this calculation for the
spectrum of the experimental solution of
NADH (Figure) are following: absorbance
points ODy3, = 1,22; ODygo = 2,47; ODygy =
0,30; OD34y = 1,08; OD,,, = 0,06; relative
absorbance points OD'y3, = 0,0; OD’54, = 1,67;
OD'y9, = 0,0; OD’5,, = 0,89; OD'4, = 0,0;
the value of integrals Iyap = 41,49; Iyapn
= 46,82; the value of normalized integrals
I'yap = 24,78; I’'yapy = 52,78. It is necessary
to take into account the coefficient of molar
extinction: E{\IAD =16 900 M 'em™; Exapy =
6 200 M 'cm .

It is proposed the formula for calculating
the percentage of NADH in a solution
containing NADH + NAD":

% NADH = NADH/(NADH+NAD)-100 =
— 1/(1+NAD/NADH)-100,
or:
% NADH = 1/(1+(0Dsgy — ODys; + (ODiys —
~ ODyy,)/(290 — 234) x (260 — 234)
x 24.78/16900)/(0Ds,0 — ODygq +
+ (Dagp — OD,0)/(400 — 290)x
x (340-290)x52.78/6200))x100.

This calculation is easy to carry out
in Microsoft Excel. The formula in R1C1
reference style is:

%NADH =1/(1 + (R[-3]C[-1]-R[-4]C[-1] +
+ (R[-4]C[-1]-R[-2]C[-11)/(290-234)x
x (260—234)x24.78/16900)/(R[-1]C[-1]-R[-2]
C[-1] + (R[-2]C[-1]-RC[-1])/(400—290)x
x (340—290)x52.78/6200))x100.

Application of the formula “%NADH”.
Three samples of 0,18 mM NADH solution
were used in order to demonstrate possible
application of developed “% NADH” formula.
After addition of PMS/resazurin dye
fluorescence (ex 545 nm; em 600 nm) was
measured. Obtained fluorescence intensity
from three NADH samples with PMS/
resazurin were very different from one to
another. The fluorescence intensity data
(relative units) were for the 1-st sample —
(630 = 20); for the 2-nd sample — (400 =
10); for the 3-rd sample — (260 = 10). The
non-coincidence of the results indicated the
different concentration of NADH in these
samples. During NADH reagent storage, its
reduced form gradually becomes oxidized
one. Therefore, in order to use NADH
solution as a standard, it is necessary to
control its current concentration. These
NADH samples were then tested by the
optical absorbance and fluorescence (ex 340
nm; em 440 nm) methods. The results are
presented in the Table. Different fluorescence
intensity of these samples confirms the
varying of NADH concentration. Applying
the formula “%NADH” to the optical
absorbance data resulted in the evaluation
of NADH content in these samples. The
concentration of NADH varied from 39% to
19% in the samples. The correlation coefficient
between the calculated concentration of NADH
using the formula “% NADH” and the samples
fluorescence intensity (ex 340 nm; em 440 nm)

Representative spectral scan of the NADH sample. Relative absorbances (OD’) are shown graphically
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Experimental data of NADH samples

Samples
1, nm
1 2 3
Optical absorbance
234 0.97 0.85 0.92
260 1.96 2.1 2.47
290 0.24 0.315 0.4
340 0.,86 0.77 0.76
400 0.04 0.075 0.06
Calculation of NADN content (%)
% NADH | 38.5 | 26.7 | 18.9
Fluorescence (340/440 nm)
Emission, rel. un. | 230 | 201 | 146

was 0.95; and the fluorescence intensity of
samples with PMS/resazurin (ex 545 nm; em
600 nm) was 0.98. Strong correlation between
calculated NADH content and fluorescent
data demonstrates precision of developed
“% NADH?” formula.

Conclusion

Taken together, this study developed
an original formula for rapid and pre-
cise evaluation of NADH content in
(NADH+NAD™) reagent by the UV spectro-
metric measurement of the optical absorbance
at the wavelengths 234 nm, 260 nm, 290 nm,
340 nm, and 400 nm. Proposed procedure
is simple, quick, and require only routine
laboratory equipment, such as spectrometer.
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CIIOCIB IIBUKOTO
CHEKTPOMETPHUYHOT'O BUSHAYEHHSA
BMICTY BITHOBJIEHOTO HIKOTHHAMIJI-
ATEHIHINHYKJEOTHIY (HAJH)

1. I1. Kpucwk
1. P.T'opak
|C.I. IIandpenko

IacturyT 6ioximii im. O. B. ITannagina
HAH Vkpainu, Kuis

E-mail: 4iryna.kr@gmail.com

Hixorunamigguaykireotusn (HATH/HAI")
GYyHKIIiIOHYEe AK KOEH3UM AJd 6araTboxX eH3u-
MiB, [0 0€PYTh YUaCTh Y KIITUHHOMY MeTabo-
JidMi, KOHTPOJII OKMCHO-BiTHOBHOI piBHOBAaru,
CUTHaAJIOBaHHi, 6ioTpaHchopmarii Ta iHmUX
npoiecax. ToMy BuU3HAUEeHHS PiBHA NPOAYKY-
Bana HAJTH/HAJI' 3azBuuaii BUKOPUCTOBY-
I0Th AJA BuMipooBaHHsa akTuBHocTi HAIIH/
HAJl"-3ane:xuux easumis. IIpore HATH mosxe
CIOHTAHHO OKMCHIOBATUCH IO HAI[*, TOMY Me-
TOI0 1iei po6oTU OyJI0 PO3POOJIEHHA HOBOTO Me-
TONY BU3HAUeHHA peajbHoro Bmicty HAIIH vy
npemnapari.

Hns obuuMciaeHHA BiJCOTKOBOTO BMicTy
HAJIH y nmpenapari Bu3HauaJu iHTEHCUBHiCTb
HOTJINHAHHSA 3pas3KiB 3a JOBKUH XBUJIb 234 HM,
260 um, 290 M, 340 um, 400 M.

Byno orpuMmaHo opuriHaibHy QOpPMYIY OJId
obumcieHHA BifcoTkoBoi KoumerTparnii HAITH
y 3paskax i HaBeJAeHO NpuKJaaL il 3acTocyBaHHA.

3alpomIoOHOBAHUN MeTOJ MOKe OYyTHU BUKO-
puUcTaHU® AJd IMBUIAKOTO PYTUHHOTO BU3HA-
uyenHda smicty HAJIH y 6yas-akiit ma6oparopii,
o6JlagfHAHIN CIEKTPOMETPOM.

Knwuwosi cnosea: BuU3HAUEHHS KOHIEHTpPAILil
HAITH, yaprpadioneroBa (YP) cuekTpomMeTpis.

CIIOCOB BBICTPOTO
CIEKTPOMETPHUYECKOTO
ONPEJEJEHNS COTEP;KAHUS
BOCCTAHOBJIEHHOTO HUKOTHHAMU]I-
ATEHUHINHYKJEOTHIA (HATH)

U.II. Epviciok
U.P.TI'opak
|C.T. IITandpernkd

WucturyT omoxumuu uMm. A. B. ITanaaguna
HAH Vxpaunsl, Kues

E-mail: 4iryna.kr@gmail.com

Huxkorunamugguaykireorus (HATH/HAI")
CIYKUT KOMAKTOPOM A MHOTUX DSH3UMOB,
YYaCTBYIOIINX B KJIETOYHOM MeTabosn3Me, KOH-
TPOJI€ OKHUCIUTEJIbHO-BOCCTAHOBUTEJIHLHOTO PaB-
HOBecusd, Mepeaade CUTHAJIOB, OMomerpagamuu
U Ipyrux mporeccax. IlosToMmy ompejaesieHue
ypoBHsaA npoaynuposanua HATH/HAI" o6bru-
HO UCHOJB3YeTCA AJIs U3MePEeHUA aKTUBHOCTHU
HAOH/HAJ -3aBucuMEIX 9H3UMOB. OZHAKO
HAJTH MosKeT CIIOHTaHHO OKuCIAThea 1o HAITT,
II03TOMY IIeJIbI0 3TOI paboThl ObIIa paspadboTKa
HOBOT'O MeTOoJa OIpeaeieHUuA PeaJbHOTO Coaep-
sxkanua HAJITH B mpenapare.

dna BLIUMCIIEHUS MPOIEHTHOTO CONepsKa-
nus HAJIH B mpemapare onpeenaa UHTEHCUB-
HOCTB ITOTJIOIIeHUsI 00PAas3I[OB P AJUHAX BOJH
234 um, 260 uam, 290 am, 340 um u 400 HM.

Briia mosyuena opuruHajdbHasa Gopmysia
IJA BBIUMCJIEHUA MPOIEHTHON KOHIEHTPaIUU
HAJIIH B o6pasiiax u mpeAcTaBJeH IpUMeED ee
IIPUMEHEHUs.

IIpennoxeHHBIN METOS MOYKET ObITH MCIIOJIb-
30BaH JJIsI OBICTPOTO PYTUHHOTO OIpeIeeHus
cogmep:xkauusa HAJTH B 110601t ma6opaTopuu, 060-
PYIOBaHHOI CIEKTPOMETPOM.

Knrouesvle cnosa: olIpenejseHrne KOHIEHTpa-

uuu HAJIH, ynaerpaduosneroBasa (Y®P) cueKTpo-
MeTpUs.
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