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SUMMARY 
. .- . . -...1._;:..:- 

;. .-... 

A quantitative &&hod for determination of low few& @.OS~~.$$N~~& 
nitriiotrititic and ethylenediaminetetraacetic acids ti diethy&ukkmmepe_n~ti&. 
acid is described. Pahnitic acid is added to the cheJ&tor.as a@ internal~standatd:befo.~ 
esterification with methanol containing 2 % (v/v) H2S04. The methyl ester% of palm&G Y 
nitrilotriacetic, and ethy!enediaminetet a+ls are l%-stseparated km diethy& -_ 
enetriaminepentaacetate by sikic acid column chromatography: and are su&txpgetitQ 
quantitated by gas-liquid chromatography. The metliodis:bdtQck.$ate .and& ’ 
producible with less than 10 % relative error: Thkiayer chromatographkSepara’-tiops 
of the methyl esters, and quantitatiou at the 1% level, Bre also described.: ;._ z- .I.. ~_ 

:-._i 

_-.: ..fL 
INTRODUCTION 

‘_ : ‘._ I .: j _ .:__ _ ‘__ _. :. .:.I _,: 
-:- __ :_. 

Zinc trisodium diethylene&~inepentaaoetate (Zn-D~PA)~w&s&&&y :a$ 
proved by the Food and Drug Admi&tration as au investigational new drug’(XND) 
for treatment of patients contaminated internally with aetinide c$npoun~~~&ug .: . 
is being managed by the Medica,-and Health:Scien~ Divisio~n,of.&kXi_@geAs~ 
sociated Universities for the Division of Hrrmanx EZeaEth Stfxiies~ -OfEc&E~Et&t3g~ 
mental Research, US; Department of. Energy-. Sincenitrilo~~ acid&T&).$ i 
a carcinogen* and- could -be present as a- wn~t.m-prepamtions~of,~.~ - ! 
method was kquired to determine small amounts :of :NTA--~:~e:-DTpA,.nsed‘.:tO 
prepare the Zn-DTPA for. clinical use; Ethylenedia@iete~ B -ti aci&@DTA) : is :: I_ .’ 
another possible contaminant in -DTPA- andi although tiot!~. SI.~~~&I&J&S_~W~$ 
from. the health aspect, the need for a sensitive assay-.for 3.k pros&e-iu:DTp” iis 
also apparent. 

_ . ..’ 2 1 _:_.. _.. .-. 
Sevexd gas-liquid chromatographk (GLC) me&& fit &%&&&@ib~;~f 

NTA, as well as other chelators, have been de.scribedprim&tily f~c.d&&&~~f.& 

levels of NTA and ~othet chelators in aqxeous samples?. 4lowev,e%-the detect@ 
of low levels of NTA and EDTA in DTPA presents a somew~t~d%krentprob_lem 
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because of the necessity to de&t minute amounts of a minor component in the 
presence of a large amount of a second component that has similar chromatographic 
properties. Since most columns used in GLC analyses are subject to being overloaded 
when submilligram quantities are analyzed, a preliminary separation of the NTA 

. and EDTA from the DTPA is needed to do quantitative analyses by GLC if the 
levels of NTA or EDTA are 0.1% or less. We selected silicic acid column chro- 
matography to provide this initial separation and included an internal standard 
(palmitic acid) at the start to correct for small losses of sample that could occur 
during the procedure. 

EXPERIMENTAL 

Materials 
NTA was purchased from Eastman (Rochester, N-Y., U.S.A.). Palmitic acid, 

EDTA, and DTPA (a special twice&ystalliid preparation) were obtained from 
Si_gma ‘(St. Louis, MO., U.S.A.). Anhydrous diethyl ether was reagent grade from 
Mallinckrodt (St. Louis, MO., U.S.A.). Chloroform, containing 1% (v/v) ethanol 
as a preservative, and methanol were supplied by Burdick & Jackson Labs. (Muske- 
gon, Mich., U.S.A.). W e used activated silicic acid, 100-200 mesh (Unisil; Clarkson 
Chemical Co., Williamsport, Pa., U.S.A.) for column chromatography and silica gel 
G (Brinkmann, Westbury, N.Y., U.S.A.) for thin-layer chromatography (TLC). 

Thin-layer and gas-liquid chromatography 
TLC was carried out on glass plates coated with 250-pm layers of silica gel G 

using a solvent system of chloroform-methanol (98:2, v/v)_ GLC was performed 
using a Victoreen instrument (Model 4000) equipped with a flame ionization detector 
and fitted with an 18 x l/8 in. stainless-steel column packed with 3 % OV-17 on 
Anakrom Q, 90-100 mesh (Analabs, North Haven, Conn., U.S.A.). The fiash in- 
jector, at a temperature of 250 “C, contained a small glass capillary tube into which 
the sample was injected. Helium, at a flow-rate of 20 ml/mm, was used as the carrier 
gas. The column oven was temperature programmed from 150” to 300” at a rate 
of lO”/min and the detector was maintained at a temperature of 270”. 

Preparation of methyl esters 
Samples subjected to the esterification procedures included: NTA, EDTA, 

DTPA, palmitic acid, blanks, and several mixtures of either NTA or EDTA and 
palmitic acid (internal standard). Palmitic acid was chosen as the internal standard 
since no evidence of it was found in this special preparation of DTPA. Esterifications 
were done in scaled, S-ml culture tubes, containing the samples dissolved in 2 ml 
of methanol with 2% (v/v) H,SO,, by heating at 100” for 1 h. The tubes were then 
cooled to room temperature and NH, fumes bubbled through the solution until no 
more precipitation of ammonium sulfate could be seen (basic pH). A 5-ml volume of 
diethyl ether was added to the tubes, mixed, and centrifuged to remove the precipitate. 
After evaporation of the supematants with nitrogen at 40” to 50”, the residues were 
suspended in 3 ml of chloroform and centrifuged again to remove the remaining 
ammonium sulfate. Supematants were evaporated to dryness and dissolved in 2 ml 
of chloroform for separation by column chromatography. 
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Column chromatography 
Glass columns, 20 x O,SS cm, were packed to a height of 11 cm with a 

chloroform slurry of Unisil and washed with 50 ml of chloroform before the samples 
were applied to the column. The methyl esters of NTA, EDTA, and palmitic acid 
(internal standard) were eluted with 100 ml of chloroform. After evaporation of the 
chloroform at reduced pressure, the samples were transferred with chloroform to 
small, l-ml conical vials. After removal of the chloroform with a stream of nitrogen, 
the samples were dissolved in 25~1 of methanol for analysis by GLC. 

RESULTS AND DISCUSSION 

Resolution of NTA, EDTA, cllld DTPA by TLC 
The TLC RF values of the methyl esters of NTA, EDTA, and DTpA were 

O-6,0.4 and 0.1, respectively. Using narrow outside lanes of an 8 x 8 in. TLC plate _ 
for standards, the sample is applied as a band between them, developed in the solvent 
mixture described under Experimental and the NTA esters located by staining the 
compounds on the outside lanes with iodine vapor. The trimethyl-NTA is then eluted 
from the silica gel on a sintered glass funnel using chloroform-methanol (1 :l, v/v). 
After evaporation of the filtrate, it is dissolved in an appropriate volume of methanol 
for quantitation by GLC using an external standard method. We found, however, 
that if the level of NTA being determined was so low that excessive amounts of 
DTPA (> 10 mg) were required for TLC, significant amounts of the DTPA esters 
streaked up the plate and overlapped the NTA ester band. This TLC technique was 
satisfactory down to about 1 oA NTA, but it was not sufficiently quantitative for 
the range (0.05-0.2”/, NTA) required for analysis of purity when DTPA is used 
clinically. The problem of plate overloading was even more severe in the separation 
of EDTA esters from large amounts of DTPA esters. 

Resolution of NTA, EDTA, and DTPA by column chromatography 
Initial separations of a mi$ure of methyl palmitate, trimethyl-NTA, tetra- 

methyl-EDTA, and pentamethyl-DTPA by silicic acid columu chromatography 
revealed that the esters of palmitic acid, NTA, and EDTA were eluted with the 
first 100 ml of chloroform. Esters of DTPA were usually not eluted from the column 
with 100 ml of chloroform; occasionally, however, small amounts of pentamethyl- 
DTPA (to.1 mg) were present in this fraction. The methyl esters of DTPA C~Q be 
eluted by using 50 ml of 10 % methanol in chloroform. 

Quantitation by GLC 
After GLC analyses’of the chloroform fraction from colunm chromatography 

of the methyl esters from 20 mg of DTPA, no peaks were observed at the retention 
times of standards of methyl palmitate, tetramethyl-EDTA, or trimcthyl-NTA. 
Analyses of several mixtures of methyl palmitate and trimethyl-NTA by GLC in- 
dicated the NTA peak areas (peak height x peak width at half-height) needed to 
be multiplied by 2.82 (f0.21 SD.) to equate its peak area to its weight relative 
to methyl palmitate. The response factor correction for tetramethyl-EDTA was 1.51 
(iO.07 SD.). 

Table I summa&es the analyses of several samples of the DTPA containing 
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TABLE I 

QUANTITATIVE ANALYSIS OF NTA AND EDTA IN DTPA BY GAS-LIQUID CHROMATO- 
GRAPHY 

pg NT,4 or EDTA added to 20 mg DTPA 
-- 
NTA 10 

20 
4-o 

EDTA 10 
20 

-~ 

pg NTA or EDTA ,%und’ 

8.9, 9.1 
21.0 & l-O(5) 
40.2 i 2.5 (3) 

10.3 & 1.2 (3) 
20.0 + 1.0 (3) 

l Values represent the mean of separate samples f SD. except for the lO-pg’level of NTA 
where only two samples were analyzed; numbers in parentheses indicate the number of samples 
analyzed. All samples contained 10 pg of palmitic acid as an internal standard. GLC analyses were 
performed on the chloroform fraction eluted from silicic acid columns as described in the text. 

three different concentrations of NTA, which represent levels of 0.05 to 0.20x, and 
two different concentrations of EDTA, 0.05 and O.IOO~. The data show the method 
to be linear with an accuracy and reproducibility of less than 10% relative error 

at the level of 0.1% EDTA and WA. Fig. 1 demonstrates a typical GLC tracing 
obtained with NTA and EDTA at concentrations of 0.10 and O.OS”A, respectively, 
in the DTPA standard. All of the extraneous peaks were also found when GLC 
analysis was performed on blank samples that were nin through the entire proce- 
dure. These extraneous peaks, therefore, are contaminants present in the solvents, 
glassware; and/or silicic acid used in the procedure and are not related to the DTPA 
sample analyzed. 

Our results demonstrate that the procedure we developed for the determina- 
tion of small amounts of EDTA and NTA (0.05%) in preparations of DTPA is 

NTA 

1 DTPA 
Palmitate 

ED-l-A 

I I I 
_^ _- ^_ 

” 9 1U 15 LlJ 

RETENTION TIME (Minutes) - 
Fig. 1. A typical GLC separation using an aliquot of the chloroform fraction eluted by silicic acid 
column chromatography of the methyl esters from a sample containing 10 pg palmitic acid, 10 pg OF 
EDTA, and 20 ,ug of NTA in 20 mg of DTPA. This aliquot had approximately 2 rig of pentamethyl- 
DTPA added to it before GLC for comparison of relative retention times. 
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quantitative, accurate, and reproducible. It would be possible, by scaling up our 
procedure, to determine even, lower concentrations of NTA in DTPA if necessary, 
providing that the reagents used for silicic acid chromatography are of very high 
purity. 
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