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Reversed-phase high-performance liquid chromatographic determi-
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Recent investigations indicate that paramagnetic compounds may be extremely
useful in enhancement of contrast in magnetic resonance imaging!~'°. Of all com-
pounds investigated, gadolinium-diethylenetriaminepentaacetic acid complex (Gd-
DTPA) possesses the most suitable characteristiscs of high magnetic moment of the
gadolinium atom, high stability (stability constant, 10%3)” and low toxicity3. How-
ever, one of the major concerns for use in humans is the acute toxicity of the free
gadolinium ion which may potentially result from dissociation of the complex in
vivo3.,

Several investigators have applied ion-pair chromatography in normal- or in
reversed-phase mode in analysis of metal complexes! 116, Recently, high-performance
liquid chromatographic (HPLC) analyses of amine-N-carboxylic acid complexes of
Fe(IIT) and Cu(II) have been reported!!-12.16. An HPLC method was employed for
determination of Gd—~DTPA by Weinmann ez al.*, but details of the method devel-
opment have not been reported.

We have developed an HPLC method which can be used in the determination
of not only Gd-DTPA, but also free gadolinium ion (Gd**) and free DTPA ligand.
We investigated the effect of various mobile phase variables, such as molarity and
pH of the buffer, organic modifier, and ion-pairing agents on the capacity factor of
Gd-DTPA, DTPA and Gd**, which led to improved separation and peak shapes.
A UV detector operated at 200 nm was used in detection of Gd-DTPA and DTPA.
In order to facilitate the detection of Gd3* and Gd-DTPA, radioactive 33Gd
(t; = 241.6 d) was used.

In this paper we report our findings related to the retention characteristics of
Gd-DTPA, DTPA and Gd>* on a reversed-phase column with on-line UV and radio-
activity detectors. :

* Present address: Radionuclide and Cyclotron Operations Department, King Faisal Specialist
Hospital and Research Center, Riyadh 11211, Kingdom of Saudi Arabia.
** Present address: Clinical Center, Department of Nuclear Medicine, National Institutes of Health,
Bethesda, MD 20892, U.S.A.
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EXPERIMENTAL

Equipment

The chromatographic system used in this investigation consisted of an Altex
Model 110A pump, an Altex 155-40 variable-wavelength detector operated at 200
nm, and an Omniscribe Series D5000 recorder. The Altex injector was fitted with a
20-p1 loop. Radioactivity was detected by using an on-line Nal(Tl) well counter
coupled to a Nuclear Data Model 60A analyzer operated in multichannel scaling
mode. The column used for the chromatographic analysis was an Alltech C,g column
(10 ym, 25 cm x 4.6 mm 1.D.). The column was operated at ambient temperature
and all injections were 20 ul (full loop). A guard column (2 cm x 2 mm LD.) filled
with C;g Analytichem material (40 um) was used for protection of the analytical
column. Another guard column (5 cm x 4.7 mm [.D.) filled with silica (40 ym) was
placed in the flow stream before the injector to saturate the mobile phase with silica.

Mobile phase

Primarily, the mobile phase consisted of 5 mM potassium dihydrogen
phosphate—acetonitrile (90:10), with varying amount of ion-pairing agent (octyl-
amine, tetrabutylammonium bromide or tetracthylammonium bromide). The pH of
the mobile phase was adjusted to a desired value with phosphoric acid (2 M) or
potassium hydroxide (2 M). The mobile phase was filtered through a 0.5-um filter
and degassed ultrasonically under reduced pressure.

Materials

No-carrier-added '**Gd (¢, = 241.6 d) was cyclotron-produced by irradiation
of a gadolinium metal foil which produces mostly the terbium isotopes (}33Tb-
180Tb). The Tb radioisotopes are separated from the gadolinium target material by
ion exchange. The '°3Tb (1, = 2.34 d) decays to '*3Gd, which is purified and sep-
arated from the remaining Tb radioisotopes!”.

Gd-DTPA and '3*Gd-DTPA (as disodium or dimethylglumine salts) were
prepared according to the literature procedures®. All samples were prepared in the
mobile phase and adjusted to appropriate concentrations. To facilitate the detection
of Gd** and Gd-DTPA, the samples were spiked with radioactive !°3Gd3* and
133Gd-DTPA, respectively. For quantitation, stock solutions of Gd~DTPA and
DTPA in mobile phase (10 mg/100 ml) were prepared. Appropriate dilutions were
made to construct standard curves of peak height versus concentration.

The time required for the first unretained peak was used in the calculations of
the capacity factors.

RESULTS AND DISCUSSION

Fig. 1 represents a typical chromatogram of a mixture of Gd-DTPA and
DTPA. Gd3*" eluted at the solvent front in all chromatographic conditions investi-
gated. The retention time of each analyte was established individually. It was also
confirmed with the use of radioactive Gd-DTPA that there was no dissociation of
the complex into free Gd®>* and DTPA under the chromatographic conditions used.
Initially, 5 mM phosphate buffer (pH 4.5) was used as the mobile phase without any
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Fig. 1. Simultaneous HPLC analysis of Gd~-DTPA and DTPA. Column: Alltech Cy5 (10 pm, 25 cm x
4.6 mm 1.D.); mobile phase: potassium dihydrogen phosphate-acetonitrile (85:15) containing 2.5 mM
octylamine; pH 7.0; flow-rate: 2 ml/min.

added organic modifier. All three compounds were completely unretained and eluted
with the solvent front. Upon changing the pH of the buffer to 2-3, there was a slight
retention of Gd-DTPA and DTPA. This is expected as ion-suppression at lower pH
causes the unionized Gd-DTPA and GTPA to become more hydrophobic and there-
fore have greater interaction with the lipophilic column bed. Also, Gd-DTPA was
retained longer than DTPA, perhaps because the Gd-DTPA has fewer ionizable
carboxylic groups than the uncomplexed DTPA.

Upon addition of an ion-pairing agent, n-octylamine or tetrabutylammonium
bromide, both Gd-DTPA and DTPA were retained. However, Gd*>* was not re-
tained under these conditions and eluted at the solvent front. An organic solvent was
added to the mobile phase to obtain reasonable capacity factors. Acetonitrile was
chosen as the organic modifier because of its lower UV cut-off wavelength.

As generally occurs in reversed-phase chromatography, retention of Gd-
DTPA and DTPA on the column decreased with increased percentage of acetonitrile
in the mobile phase!8-1°. Similarly, capacity factors of Gd-DTPA and DTPA de-
creased upon increase in molarity of the phosphate buffer. This is expected since the
increased ionic strength reduces the formation of ion pairs!®1°,

Ion pairing occurring only with ion-pairing agents such as n-octylamine and
tetraalkylammonium bromide. No retention was observed with sulfonic acid ion-
pairing agents, indicating that the ion pairing occurs at the carboxylic moieties and
not at the amine moieties in Gd-DTPA and DTPA. In the Gd-DTPA complex,
metal-ligand bonds are formed and broken constantly, resulting in at least one, if
not two, carboxylic moiety which is not complexed with the central Gd atom and
therefore available for ion-pair formation2®. The order of elution of Gd&-DTPA and
DTPA is reversed as compared to that in the ion-suppression mode in the absence
of an ion-pairing agent. This can be explained by consideration of the ion pairing at
carboxylic moieties. DTPA ligand, having more carboxylic groups available for ion
pairing than Gd-DTPA, is retained longer due to greater ion pairing.

The retention of Gd-DTPA (Fig. 2) increased rapidly upon increase in the
concentration of the ion-pairing agent, while maintaining constant pH, and then
reached a plateau. This is in accordance with the theoretical considerations of the
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Fig. 2. Effect of concentration of ion-pairing agent in the mobile phase on capacity factor of Gd-DTPA.
Mobile phase: 5 mM potassium dihydrogen phosphate-acetonitrile (90:10) with a variable amount of
ion-pairing agent, pH 7.0. Flow-rate: 2 ml/min. {J, Octylamine; ¢, tetrabutylammonium bromide; A,
tetraethylammonium bromide.

ion-pair reversed-phase chromatography of weak acids'®'°, Of interest is that n-
octylamine and tetrabutylammonium bromide caused retention of Gd-DTPA and
DTPA; however, as much as 10 mM concentration of tetraethylammonium bromide
had no retaining effect. This is perhaps related to lower lipophilicity of tetraethylam-
monium bromide compared to tetrabutylammonium bromide. The mobile phase con-
taining tetrabutylammonium bromide had UV absorption at 200 nm due to tetra-
butylammonium bromide itself and consequently could not be used in conjunction
with the UV detector at this wavelength. In this situation, retention time of Gd-
DTPA was assessed with the radioactivity detector only. All retention times were
corrected for the time-lapse between the two detectors. For routine analysis, the
mobile phase containing n-octylamine was employed.

Capacity factors of the analytes are greatly affected in ion-pair chromatography
by a change in pH of the mobile phase'®.'°. This mode of mobile phase control is
often a powerful tool in ion-pair chromatography for regulating the separation se-
lectivity of the analytes of interest. Although weak acids are generally retained longer
upon increase in pH of the mobile phase due to the increased ion pairing, retention
times of Gd-DTPA and DTPA decreased rapidly upon increasing pH. Fig. 3 shows
the effect of pH on capacity factor in the presence of octylamine. Similar behavior
was observed when tetrabutylammonium bromide was used as the ion-pairing agent.
This seemingly anomalous behaviour has been well documented in literature?!.22,

Relative separation (selectivity, a) between Gd-DTPA and DTPA can be op-
timized by a combination of pH of the mobile phase and the concentration of the
ion-pairing agent. Although the retention times of Gd-DTPA and DTPA decrecased
with increase in pH, increasing the amount of the ion-pairing agent increased the
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Fig. 3. Effect of pH of the mobile phase on capacity factor of Gd-DTPA in presence of octylamine,
Mobile phase: potassium dihydrogen phosphate-acetonitrile (85:15) containing 2.5 mAM octylamine; pH
7.0; flow-rate: 2 ml/min.

selectivity since DTPA by the virtue of having greater number of free carboxylic
moieties is more affected than Gd-DTPA. There is an additional advantage in per-
forming the analysis at higher pH (= 7). The peaks were noticeably sharper due to
greater and complete ion pairing at higher pH as compared to incomplete ion pairing
at lower pH, leading to split or broadened peaks?3. This is particularly true of DTPA.
At lower pH, not only was the retention of DTPA too high, multiple peaks were
observed due to different degrees of ionization of the five carboxylic moieties and
consequently incomplete ion-pairing.

A linear relation between the peak height and concentration was observed for
both Gd-DTPA and DTPA within the range of concentration investigated (100
ng-2 pug). The limit of detection was established at 100 ng (20 gl injection) with a
signal-to-noise ratio of four.

CONCLUSION

A reversed-phase ion-pair chromatographic method has been developed for
determination of Gd-DTPA, which can be extended to analyze free Gd** (with
radioactivity detector only) and free DTPA which may result from dissociation of
Gd-DTPA. It is shown that the regulation of mobile phase variables, such as pH,
ion-pairing agent, organic modifier, and ionic strength leads to improved peak shapes
and separation selectivity for Gd-DTPA and DTPA. This method may be applicable
in quality control of samples containing Gd-DTPA and possible impurities of Gd*
ion and DTPA ligand. Biological samples may be analyzed with the use of radioactive
Gd-DTPA in conjunction with a radioactive detector.
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