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ABSTRACT

Glyoxal bis(amidinohydrazone) (GBG) and several analogs thereof are
compounds of considerable pharmacological interest, and a variety of HPLC and
MECC methods have been developed for their analysis. In these methods,
detection is invariably based on the strong UV absorption of the compound. Yet,
almost nothing has been known of their UV and VIS spectral properties. In the
present paper the UV and VIS spectroscopy of GBG has been studied in several
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solvent systems (water, 0.03 M aqueous sodium acetate buffer, 0.1 mM aqueous
NaOH and dimethylsulfoxide). In the case of solutions in bare water, the shape
of the UV spectrum depends drastically on concentration, probably because of
changes in the species distribution of GBG as a function of concentration. The
spectrum comprises one maximum at ca. 200 nm, and between ca. 250 nm and
400 nm an absorption region with distinctly higher absorbance. In the case of
aqueous sodium acetate as well as NaOH solutions, one strong maximum can be
detected (at ca. 285-288 nm and 332-337 nm, respectively). In both cases, the
maximum occurs at constant wavelength, being independent of concentration. In
dimethylsulfoxide, the spectrum of GBG contains an absorption band at distinctly

higher wavelengths (A

max 324 nm) than in any one of the aqueous solvents

studied, indicating that solvent effects are considerable in the UV spectrum of
GBG. In no case, distinct absorption could be detected at wavelengths higher
than 400 nm. The results indicate that if aqueous media are used as eluents in
HPLC analyses of bis(amidinohydrazones) or as solvents in direct UV analysis,

they must be buffered.

INTRODUCTION

The bis(amidinohydrazones)' of various glyoxals are important polyamine
antimetabolites which makes these much-studied compounds important tools in

the study of polyamine metabolism and functions.?!?

Glyoxal
bis(amidinohydrazone) (GBG) and methylglyoxal bis(amidinohydrazone)
(MGBG) are also potent antileukemic agents. Detection in the HPLC and

micellar electrokinetic capillary chromatography analyses'*?*

of this class of
compounds are based on their strong UV absorption, but almost nothing is
actually known of their UV spectroscopic properties. Also because of the fact
that NMR studies® 2*2? have led to important novel findings on the tautomerism
and isomerism of the bis(amidinohydrazones) as well as on other aspects of their
chemistry, we considered also detailed UV/VIS studies on the compounds

worthwhile. Thus, we now report an investigation on the UV and VIS spectral
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properties of the parent compound of the class, glyoxal bis(amidinohydrazone)
(GBG, Fig. 1).

EXPERIMENTAL

GBG free base®™ was used throughout the study, dissolved in four different
solvents: water, 0.03 M aqueous sodium acetate buffer (pH 4.3), 1 mM aqueous
NaOH solution, and dimethylsulfoxide [DMSO; E. Merck, Darmstadt, Germany,
spectroscopy grade (Uvasol)]. In the case of each solvent, spectra were recorded

using nine different concentrations (0.2 pM - 0.1 mM).

All spectra were recorded using a Hitachi U-2000 double-beam UV/VIS
spectrophotometer and employing 10.00 mm cuvettes (Quarzglas, Suprasil®).
Hitachi Model U-2000 spectroscopy data station software, U-2000 manager
(Revision 2) software was used. The wavelength range studied was 195 nm - 450
nm. The scan speed used was 200 nm/min and the wavelength interval 1.0 nm.
First derivatives of the spectra were calculated using the formula dA/dA. All

calculations were performed by using the program Microsoft Excel Version 4.0.
RESULTS AND DISCUSSION

In the case of aqueous solutions, the shape of the UV spectrum of GBG was
found to drastically depend on the concentration (Fig. 2). The spectrum comprises
one maximum at approximately 200 nm and, at longer wavelengths (between ca.
250 and 400 nm), an absorption region with distinctly higher absorbance. The
shape of the spectrum in this region and the changes observed on increasing
concentration suggest that this region may actually contain two or perhaps even
more overlapping absorption bands. At the lowest concentrations studied the
highest absorption maximum resided at approximately 288-291 nm, while at

higher concentrations it resided at markedly longer wavelengths (324-329 nm).



03:46 30 January 2011

Downl oaded At:

892 KOSKINEN AND ELO

HQT T
N C
H NH
a 2
HoN H H
N
C N\~ N
HoN " ) SN S ?NHz
I o+
H NH
b 2
H H
HN |
+ :\ |
£ AN O NS
H.NZ N C N c-=""2
[ |+
H NH
c 2

FIG. 1. The structures of GBG free base (a), monocation (b) and dication (c), as
revealed by single-crystal X-ray diffraction and NMR spectroscopy.

This phenomenon might be due to a relative increase of the € at the A, of a
band at ca. 324-329 nm, as compared to the corresponding € value at 288-291
nm. A more probable explanation, however, is that the spectral changes are only
due to changes in the species (free base, monocation, dication) distribution of
GBG as a function of concentration. On the basis of what is known about the
solution equilibria of GBG?!, it is indeed obvious that, according to the law of
mass action, the species distribution of the compound is drastically changed when
going from 0.2 uM to 0.1 mM solutions. Thus, on increasing the concentration
of the compound, the percentage of the free base species should increase and that

of the cationic species should decrease. Further support for the species
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FIG. 2. UV spectra of different concentrations (0.5 - 100 pM) of GBG free base
dissolved in water.

distribution theory comes from the finding that neither at 286 nm nor at 319 nm
does the absorbance in aqueous solutions depend linearly on concentration (data

not shown).

The species distribution theory lends strong support from the finding that in
the case of the acetate buffer solution, at the pH of which (pH 4.3) GBG exists
practically exclusively in the form of the dication species, there is a strong
absorption maximum in the UV spectrum of GBG at 285-288 nm, but no
detectable maximum and actually nearly no absorption at 324-329 nm (Fig. 3).
In the case of GBG dissolved in 1 mM NaOH solution, there is a strong
maximum in the spectrum at about 332-337 nm, but far less prominent absorption

and no maximum at 285-290 nm (Fig. 4).

In the case of aqueous NaOH and sodium acetate buffer solutions, first
derivative spectra indicate clearly that the maximum occurs at constant

wavelength, being independent of concentration. When water alone is used as the
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FIG. 3. UV spectra of different concentrations (0.5 - 100 uM) of GBG dissolved
in 0.03 M aqueous sodium acetate buffer (pH 4.3). The linearity of the method
is displayed in the insert (A = 0.041 C/uM + 0.039; correlation coefficient =
0.999).
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FIG. 4. UV spectra of different concentrations (0.5 - 100 pM) of GBG dissclved
in 1 mM aqueous sodium hydroxide solution. The linearity of the method is
displayed in the insert (A = 0.039 C/uM - 0.022; correlation coefficient = 0.997).
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FIG. 5. First dertvatives of the UV spectra of different concentrations (0.5 - 100
pM) of GBG free base dissolved in water.

solvent, derivative spectra clearly indicate a concentration dependence of the

kmax value (Fig. 5).

We also titrated’ samples of GBG (20 ml of 50 pM aqueous solution) by

adding to each sample a 5-ml volume of an aqueous solution containing varying

“amounts of HCI (600 pM), and determined in each case the UV spectrum of the

mixture. The results are shown in Fig. 6. Isosbestic points can be observed.

In DMSO, the spectrum of GBG contains an absorption band at distinctly
higher wavelengths (A ., 354 nm) than in any one of the aqueous solvents

studied (Fig 7). Thus, solvent effects are considerable in the UV spectra of GBG.

In the case of each solvent employed, one spectrum of GBG was also
recorded between 195 and 900 nm, but no signals were detected above 400 nm.
In order to study the applicability of UV spectroscopy for the quantitative

analysis of GBG, we studied the linearity of absorbance versus concentration
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FIG. 6. 'Titration’ of GBG free base with HCl in aqueous solution. Samples of
GBG (20 ml of 50 pM aqueous solution) were titrated by adding to each sample
a 5-ml volume of an aqueous solution containing varying amounts of HCI (600
pM).
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FIG. 7. UV spectra of different concentrations (0.5 - 80 pM) of GBG free base
dissolved in DMSO. The linearity of the method is displayed in the insert (A =
0.039 C/pM + 0.003; correlation coefficient = 0.999).
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TABLE 1.
}.max and ¢ Values of GBG.

Solvent Apax (nM) e (1 mol* cm™)?
acetate buffer 285-288 b

NaOH 332-337 3.5 x 10*
DMSO 354 3.7 x 10*

The values of € given are the means of values obtained for three different
concentrations (10 pM, 20 uM and 50 pM).

In the case of the acetate buffer, the values of € varied considerably and in
an irregular fashion with concentration. Further studies are required on this
point.

plots for GBG solutions in the aqueous sodium acetate buffer, in the aqueous
NaOH solution and in DMSO (see figs. 3, 4 and 7). In each case, the method
was linear in the range studied (0.5 - 80 pM). Values of A, and € for GBG in

various solvent systems are given in Table 1.

The results obtained have important consequences concerning the quantitative
analysis of bis(amidinohydrazones) by HPLC using UV detection, or by direct
UV methods: they indicate that if aqueous media are used as eluents or solvents,

they must be buffered.
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