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ABSTRACT
An x-ray fluorescence {XRF) technique is used to quantitate the binding of

IHZO(NH3)5RulIlz+ to DNA., This method is shown to be more sensitive, precise
and convenient ihan conventional optical absorption (DA) spectroscopy,
differential pulse voltammetry {DPV), or atomic absorption (AA) technigques.

XRF is fusensitive to the oxidation state or coordinaticn eavironment of the Ru,
and so can be used to determine total Ru. The minimum detectable amount of Ru is
10 ng in one hour of counting time using a 100 mCi 1257 source. The specific

advautageﬁ of the XRF method over the conventional methods are outlined.



INTRODUCTION

A number of Ru complexes with amonia and organic amines have
exhibiced both mutagenic and anticancer properties, and a rational
approach to their development as both anticancer chemotherapeutic and
radiodfagnostic agents have been devised {1-3). Since their
biochemical effacts and cliemotherapeutic action appear to be similar
to that of cis-{C13(NH3)zPt], which is now the most widely used
anticancer drug ia the US, it is reasonable to assume that both the Ru
and Pt anticancer drug, have a similar target molecule i.e., DNA {4).
Compounds containing 97Ru are also candidates as radioscintigraphic
agents, since this isotope has excellent radiophysical properties for
organ imaging (5,6). Complexes containing the beta-emitting isotopes
103gy or 106ry might also be used as radiotherapeutic pharmaceutical
providing they can be sufficlently localized in neoplastic tissue
(3,6).

In ascertaining the biological and biochemical effects of
ruthenium it is necessary to accurately determine the concentration of
this element at low concentrations. While characteristic spectra are
observed when I(NH3)5RuIII] is coordinated to the purine or pyrimidiae
bases of DNA, often more thsn one type of base iIs coordinated and the
overlapping spectral bands make quantitation difficult since
absorbance readings cannot be directly translated into concentratious
(7). Since reduction potentials are sensitive to the coordination
environment of the metal ion, quantitation by differential pulse
voltanmetry {(DPV) {(8) can also be less than straightforward.

Moreover, interferences from buffer aztifacts or biological residues

further contribute to errors arising from this technique. Atomic



absorption spectrophotometry (AA) has been the method of choice for
this element (9), however, flame techniques require relatively large
volumes {5 ml) and are often not suitable for viscous samples, such as
occur at high DNA concentrations. Graphite furnace techniques hawve
not been widely used for Ru, perhaps owing to its high atomizatica
temperature, which 1is at the linmit of commonly uvsed temperatures
sensors,

In an effort to quantitate ruthenium binding to DNA, a superior
analytical technique was developed using XRF. While being less
discriminatory as to the type of Ru present, XRF 15 nondestructive,
allofs for the convenient determination ¢f total ruthenium, is sewversl
orders of magnitude more sensitive than coaventional optical

absorption (0A) methods and requires minimun sample volumes.

METHOD

The XRF apparatus consisted of an external source {100 mCi. 1257
enitting Te x-rays at 27.97 and 30.99 keV) to induce the emission of
the Ru chaacteristic x-rays (19.28 and 21.65 keV) present in the
sample. Emitted x-rays were detected by a solid state, [Si{Li)],
detector whose signal was electronically processed and stored ia
digital form. A more detailed description.o% theusysten is given
elsewhere {19).

Stock sclutions of ICI{NH3)5RuIiI12*'Here prepared by dissoliving
100 wg {0.33 mm0l) of its chloride salt with the addition of two
equivalents of AgTFA (where TFA = trifluorcacetate) to remove the
ionic chloride. The resulting solutions were adjusted to a pH of 2-3
and a final ICl{NH3)5RuIII]2+ concentration of approximately 0.03 or
0.3 M. Under these conditions the complex slowly iydrolyzes to yield
[(HZO)(Nﬂg)snuIII]; however, this has no effect on the results
reported here. Reduction to [{Hzo)(NHZDSRuIIJZ*'Has carried out in an

argon purged solution over Zn amalgam for 30-60 minutes.

-l =



[{NH3)sRolIl] -DNA. Stock solutions of calf thymus DNA {Sigma.
Type 1) were prepard by dissolving the DNA in 0.1 M phosphats buffer
at pH 7.2 or TA buffer (40 mM Tris, 5mM sodiun acetate adjusted to pH
7.8 with acetic acid) and diluting to a DNA-phosphate concentration
(Ppya? of 1.5 oM (Azgp = 12). Heat-denatured DNA was prepared by
heating the DNA sclution in & boiling water bath for 20 min. and then
cooling rapidly in an ice bath. Rutheniun-DNA complexes were prepared
from aligquots of these soluticns, which had been purged with argon for
30 minutes and then injected with varying amounts of the
(sz)(NH3)5RuII]2+ solution. Reactions were allowed to proceed for
1 hr. at 209 with continuous argon bubbling. Oxidation to yield
[{NH3)5Rull]-DNA was accomplished by a 1 hr. purge with 05 which
caused the initially y.llow I{NH3)5RuII]n~DNﬁ to turn a pronounced
purple color. Unreactes Rulll species were removed by dialysis
against the appropriate buffer or by three successive sthanol
precipitations of the DNA,

Samples for XRF were prepared by plipeting D.1 mL of the Ru-DNA
solution onto a thin (0.012 mg/cm?) Formvar ?oil‘}nd air dried. The
sample was then positioned in the beam and counted for one hour. When
aecessary, the counting period was increased for “etter accuracy.

Hexaammineruthenium chloride [{NH3)gRu]Cls, and
chloropentaarmineruthenium chloride, {CL{¥H3)sRu)Cly, were used as
primary standards. Drying of these materlals can be effected by
heating in a vacuum deslcator before use and both are stable as solids
for periods of years. Either is much better characterized than
RuCly.xH30, which is often used as a ruthenium standard even though it

is ysually supplied as a mixture of hydrates of Ru{III) and Ru{IV).



However, soluticns of the ammine complexes cannot be stored
indefinitely and standards wvere usupally adjusted to pH 2-3 im order to
supress hydrolysis. Standards made up from [(NH3)zRu]Cls deviated
appreciably from those made directly from RuCla.xH;0 or a commerclal
standard solution,

RESULTS

Linearity of solution standards was excellent with (r = 0.999,
see Figure 1). Standards prepared with added colf-thymus DNA {Sigma.
Type 1) fell on the same calibration line as those in weak acid
solﬁtion, verifying non-interference of the biochemical matrix.

Spectra of 100 ppm {989 uM) and 3.125 ppm {30.92 uM) are shown In
Figure 2. The Fe, Cr, and Ar peaks seen in this figure result from
the source holider and Ar present in air. The dinimum detection limit
(MDL) for Ru by XRF (defined as three times the square root of the
background) was 0.1 ppm for a one hour counting time of a 0.1 mL
sample {10 ng Ru). The sensitivity of the system was - 10 counts
/hr/ppm Ru/mCi.

Coordination of INH3)5RuIII] to guanine and adenine bases results
in strong ligand to metal charge transfer bands {LMCT) which occur in
the visibie region of the spectra. Since guanine coordination
predominates, the optical absorbance was measured near the maximum of
the G * Ru(III) LMCT band at 550 nm. A plot of Assg arising from
DNA-coordinated ruthenium vs. [Ru] as detrmined by XRF is shown in
Figure 3. Scanning the visible spectra over the concentration ranges
shown revealed that approximately the same relative amounts of
ruthenium were coordinated to adenine and guanine sites: however,

since this ratio changes from one series tc another, the total



absorbance at any one wave length is mot an accurate measure of the
amount or type of ruthenium present.

At relatively low [Ru)/nucleotide ratios, guanine sites are
preferentially bound. Since the teduction potentlals of Ru~adenine
complexes are fairly negative the DPV scans are sensitive only to
Ru-~guanine residues. A significant background current results in a

pesitive intercept in the plot of DPV current vs. [Ru]XRF as shown in

Figure 4.

DISCUSSION

! Since atomic fluorescence lines between elsments are usually very
well resolved, XRF is normally free of matrix interferences and so
requires little, if any, sample p.:paration. The MDL by XRF (10 ng)
is substantially better than that by routine OA {3 ug) or flame Ax
(1 ug) (2)., While having approximately the same sensitivity as DpV
{30 ng), there are fewer interferences, Althougi: somewhat less
sensitive than a flameless AA technique utiiizing a graphite furnace
(0.5 ng), this technique is often difficult to carry out reproducibly
owing to the high bolling pofat of Ru (h423vfx).j

Both the sensitivity and the MDL f;r exceed the requirements of
the preseat work and appear to exceed the estimated requirements for
therapeutic lewvels of Ru. loreover, the linearity of the XRF sigual
versus ruthenium concentration is superior to that of other methods.
Since XRF measures total ruthenium and does not discriminate between
that bound in different ways to the biological material, its use must
be considered complementary to other techniques, such as OA and DPY,
that respond to the ligand environment of the metal. The reduced
correlations between OA, DPV and XR¥ for native specimens in Figs. 3

and 4, as compared to those obtained with denatured samples, is being

studied at present. -7 -



It is expected that the LMCT bands arising from DNA coordination
exhibit corresponding changes iz molar absorptivities within the DRA
environment relative to the monomeric nucleotide complexes free ina
solution. Measurements of the total ruthenium content by XRF will
then allow for determinations of the molar absorptivities of each
Ru-DNA nucleotide component and their individual quantitation.
Because of the energies of the Ru characteristic energies it is
conceivable to apply XRF technique to monitor Ru build-up in

superficial tumors in vivo.
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FIGURE CAPTIONS
Fig. 1 Calibration of Ru %-Tay yield versus Ru concentration.
Fig. 2 XRBF spectra of two Ru standards.

Fig. 3 Comparison of Ru measuremenats by optical absorptiometry and

XRF,

Fig.' 4 Comparison of Ru measurements by differentlal pulse

voltemmetry and XRF, th2 same samples as in Fig. 3.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government.  Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express of implicd, or assumes any Jegal liability or responsi.
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not dinfringe rrivately owned rights. Refer-
ence herein to any specific commercial product, process, or service Ly trade name, trademark,
manufacturer, or otherwise does not necessarily constitvle or imply its endorsement, recom-
mendation, or favoring by the United States ‘Government or any agency thercol. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof.

- 10 =




O

*LOTIDIJUDAUSD NY SNSA2A PIOTA £22-X 1Y FO BOTIWMAATLEY 1 *S13

Nz L
7 001 A TgQIXE

Lo OO_HmN_

, Lo I —

C13AA J¥X



3paguels MY oaY 3O BAINNEI JuUN 7 3L

i

!

N [ T - [ e S
|
r wad Lm_.m/‘ ,
K . AN 5..,..,,»««1/., .xt«f.}. )
m #,/ nw.w}%“wg ) .*..'..,um.wbw_) :-Tmﬂ._‘»;}rum r’:. r.: H cxyw M./{ Q:.. u:
r.» My \mh\. \.u..

Hod W.v i

<w " W nm
e Nyl
buialiposyong
wdd
- oo_\é
~ !_3. OO_ BK.HDU_
L. _ ! - A L "

e

m
)



OPTICAL ABSORPTIOMETRY
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