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SUMMARY 

The reversed-phase and anion-exchange modes of high-pressure liquid chro- 
matography were used to separate breakdown products and impurities in solutions 
of the reduced form of nicotinamide adenine dinucleotide (NADH). The two chro- 
matographic modes are compared for studies of NADH. Their use in following the 
course of acidic breakdown of NADH is described. 

INTRODUCTION 

The use of high-pressure liquid chromatography (HPLC) with microparticle 
chemically bonded packings has greatly improved separations of the reduced form of 
nicotinamide adenine dinucleotide’ (NADH) from its breakdown productsl*z. Reac- 

tions involving the breakdown of NADH are difficult to study because a complex 
mixture of compounds is formed. Although these reactions have been investigated by 
ultraviolet (W), fluorescence, circular dichroism, optical rotatory dispersion, and 
nuclear magnetic resonance spectroscopy, there is conflicting opinion about the nature 
and number of products, and the mechanism of NADH breakdown. Chromatographic 
methods (paper, thin-layer, and open column) have helped isolate some NADH 
breakdown and reaction products3-‘. These methods, however, are too slow for the 
analysis of transient species and lack the efficiency needed to separate the compiex 

mixtures formed when NADH degrades. 
Products formed in reactions of NADH vary widely in polar and ionic char- 

acter. In basic solution, oxidation of NADH to NAD can occur as well as cleavage 
at the sugar or phosphate groups (Fl,. .e 1). In acidic solution, however, the reactions 

* Abbreviations used: AMP = adenosine 5’-phosphate: ADP = adenosine 5’4phosphate; 
ADPR = adenosine S-diphosphoribose; NMN(H) = nicotinamide mononucleotide (reduced); 
NAD(H) = nicotinarnide adenine dinucleotide (reduced) (NADH = p-NADH except where other- 
wise stated); Ade = adenine; Ado = adenosine; NA = nicotinic acid; (6-HTN)AD = &6-hydroxy- 
tetrahydronicotinamide adenine dinucleotide; NADHX@PNHX) = NADH breakdown product 
catalyzed by glyceraIdehyde-3-phosphate dehydrogenase (G3PD) blieved to be (6-HTN)AD]; 
(c-THN)AD = c~‘-6~-cyclotetrahydronicotinamide adenine dinucleotide (Fig. 2); Nit = nicotin- 
amide. 



642 J. R. hSIKSIC, P. R. BROWN 

b 

H&-O- 

1 
I 

CXi OH 1 

r---NMNH---- 1 

LA----- -2 
i 

I___ __A&qp--2 i t 

L --- ADP - - 1 I 
I- ---- -opt------_ 

Fig. 1. The molecular structure of NADH and possible cleavage products_ 

of NADH involve primarily the labile nicotinamide ring. Structures suggested as 
break’down products in acid include hydroxy addition products*-g, a cyclic structure 
formed between the 6 position of the nicotinamide ring and the 2’ carbon on the 
adjacent ribosel”s”, aldehydes, dimers, and other addition productsxf (Fig. 2). NADH 
can be distinguished from NAD, as well as from most of its breakdown products by 
the characteristic absorbance of NADH at 340 nm. Major breakdown products, 
which do not have a maximum at 340 nm, have UV spectra similar to each other and 
to the spectrum of NAD with maxima between 254 and 230 nm. Therefore, in order 
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Fig. 2. Mokular structures of possible breakdown and addition products of NADH in acidic solu- 
tion. Abbreviations of the compounds are taken from the refs. l&ted. 
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mediate products 3 and 4, that there is a reversible reaction between these products. 
Products 3 and 4 represent the second step of the 3 part sequential mechanism shown 
in Fig. 7. Products comprising this part of the mechanism were not previously ob- 
served. The UV spectra of products 3 and 4 are broad and similar to each other, 
having UV maxima at about 265 nm. 

None of the acidic products formed from NADH have an absorbance at 340 
nm. Therefore, as was reported in earlier UV studieszl~“, the rate of breakdown of 
NADH can be determined accurately using the disappearance of the 340 nm absor- 
bance peak. The rate of breakdown of NADH, found by measuring the hFights and/or 
areas of the NADH peaks, was linearly dependent on H’ and concen ration of the 

L solution (Fig. 9), and ~&as found to be 450 f 10 min-L between pH 5 9 d 6 at 27”‘. 
Rates of formation of ‘the products did differ when NADH was storedFin phosphate 
or phthalate, rather than acetate buffers. However, the retention timesland the peak 
height ratios of the products were the same when the NADH was stored in each of 
these buffers, indicating that no anionic addition products were being formed. 
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