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Abstract

In this paper we describe the development and validation of a solid-phase extraction procedure, followed by ion-exclusion chromatographic
determination of citrate and acetate in medical fluids. The medical fluids contained trace levels of non-polar compounds, which were not of
interest for the purposes of assay requirements, but due to their strong affinity towards the ion-exclusion chromatography column necessitated
a 180-min long runtime to elute. The developed SPE procedure, based on trapping the hydrophobic compounds, on a reversed-phase material
while allowing analytes of interest elute off unretained, shortened the runtime to 35 min. The procedure is simple since it has only two steps,
conditioning of the SPE cartridge with acetonitrile and treating the sample. The SPE procedure followed by ion-exclusion chromatographic
determination was successfully validated per the International Conference on Harmonization (ICH) guidelines in terms of specificity, accuracy
as recovery versus untreated sample, precision, range, linearity of response, ruggedness, stability of treated samples, and robustness. Th
validation data showed that the method is specific, accurate, precise, rugged, and robust. The validated method has been routinely used in the
manufacturing environment.
© 2003 Published by Elsevier B.V.
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1. Introduction matrix components, followed by ion-exclusion chromato-
graphic determination has been reported for the determi-
lon-exclusion chromatographic separation has been com-nation of organic acids in honef2]. Schiller et al.[3]
monly used for the determinations of aliphatic organic acids employed a polystyrene—divinylbenzene cartridge, for the
in a variety of matrices as well as non-ionic analytes of selective removal of hydrophobic compounds, in series with
significant pharmaceutical interest including alcohols and anion exchange cartridge, for trapping the organic anions
carbohydrates. In ion-exclusion chromatography, separa-in pharmaceutical herbal dry extract. The trapped organic
tion is accomplished using dilute mineral acids as mobile anions, citrate and malate, were then eluted off using 0.1 M
phase, to maintain organic acids in their undissociated TFA for the ion-exclusion chromatographic determination
forms, and separated ions are detected using suppressed arsing evaporative light scattering detection. Schneider et al.
non-suppressed conductometric or direct UV detedtign [4] used an SPE cartridge packed withgCeversed-phase
Limitations on the determination of organic acids in com- material for the removal of matrix components in red wine
plex matrices have been reported in the literature. Weissfollowed by ion-exclusion chromatographic determination
[1] cautions that ion-exclusion chromatography should not of organic acids. Prior to ion chromatographic determina-
be used for the determination of aromatic acids since thesetion of inorganic and organic anions in industrial streams,
acids, due to the—m interactions with the aromatic rings of SPE cleanup was used for the removal of organic matrices
the stationary phase polymer, are strongly retained onto the[5]. On-line coupling of SPE sample processing with HPLC
ion-exclusion chromatography (IEC) column. Solid-phase has also been reported in the literat{8¢
extraction (SPE) cleanup on an ion-exchange cartridge, to In the present study, we initially employed ion-exclusion
selectively retain organic acids while eliminating interfering chromatographic determination of citrate and acetate in
medical fluids samples without any sample pre-treatment.
* Corresponding author. The samples contained trace levels of non-polar com-
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assay requirements, but due to their strong affinity towards from Waters, packed with 300 mg of {f€material. The SPE
the ion-exclusion chromatography column necessitated aprocedure was optimized using Waters g@artridge. A
180-min long runtime to eluteF{g. 2). These late eluting  disposable, latex-free syringe with luer connection, 10-mi
peaks carried over to the chromatograms of multiple in- capacity (Becton-Dickinson, Franklin Lakes, NJ, USA), was
jections that followed, when the runtime was set to around used for conditioning of the SPE cartridge and loading of
20 min, and affected quantitation of citrate and acetate. A sample. In the optimized SPE procedure, the cartridge was
runtime of 180 min, although would resolve the problem, conditioned by pushing 10 ml of acetonitrile through it. Us-
is not acceptable for routine use and various approachesing the graduation marks on the syringe, a 9-ml sample was
were considered to shorten the runtime to no more thanthen drawn in another syringe, of which 8-ml was pushed
40 min. First approach considered would have employed through the cartridge and discarded. The remaining 1-ml
reversed phase separation using a column with polar func-sample in the syringe was then pushed through the cartridge
tionality. The second approach would have used a shortand collected in the autosampler vial for the ion-exclusion
column, mounted on a switching valve, to trap late elut- chromatographic determination.
ing compounds while allowing citrate and acetate to elute
un-retained. Both of these approaches would have required2.2. Reagents and standards
major changes to the existing validated procedure. The SPE
approach, on the other hand, would have changed only Mobile phase and standards were prepared using ACS-
sample preparation step of the existing ion-exclusion chro- grade reagents. After preparation, the mobile phase was fil-
matography method. The SPE approach was then furthertered through 0.2g@m filter. Sodium citrate dihydrate was
investigated. dried at 180°C for 18 h prior to use. Mixed calibration stan-
Typically the SPE procedure is employed to selectively dards consisted of 0.6-2.4 g sodium acetate/l and 0.4-1.6g
eliminate the unwanted matrix components but retain, sodium citrate/l. The resolution solution contained 5mg
and often to concentrate, the analytes of interest, which sodium tartrate/l and 800 mg sodium citrate/I.
are then eluted off from the SPE device using a suitable
solvent [3,7,8]. This multi-step approach seems rational 2.3. HPLC system and ion-exclusion chromatography
when analytes of interest are present in trace amountsprocedure
compared with matrix compounds. Since the interfering
compounds in the formulation samples under consideration The HPLC system was Agilent’s 1100 system consist-
were present in trace amountsid. 2), the multi-step SPE  ing of high-pressure pump with on-line degasser, column
approach would have complicated the cleanup procedureoven, variable wavelength detector, and ChemServer Chro-
for routine use. On the other hand, trapping the unwanted matographic Data System. The optimized ion-exclusion
components on the reversed-phase SPE cartridge and lettinghromatography procedure consisted of 25 mySBy as
the analytes of interest elute off unretained, was deemedmobile phase at 0.8 ml/min, 24 injection, 60°C column
simpler. temperature, and UV detection at 210 nm. Separation was
As ion-exclusion chromatography is a liquid chromato- performed on Bio-Rad’'s Aminex micro-guard cation™H
graphic method, guidelines for the validation of a LC cartridge (46 mm x 30 mm) and HPX-87H analytical col-
method in the pharmaceutical industry are readily applica- umn (7.8 mm x 300 mm, Bio-Rad Labs., Richmond, CA,
ble for validating the ion-exclusion chromatography method USA). To ascertain removal of any undesired components
[9-12]. In this paper, the ion-exclusion chromatographic from the column, prior to starting a run of test solutions and
method with SPE cleanup was validated per the Interna- samples, the column was flushed with a solution consisting
tional Conference on Harmonization (ICH) guidelines in of acetonitrile—mobile phase (30:70). System suitability was
terms of specificity, accuracy as recovery versus untreatedjudged from the results obtained for a defined set of injec-
sample, precision, range, linearity, ruggedness of SPE treations prior to analyzing the test solutions. The system suit-
ment, stability of treated samples, and robustness. ability included resolution between tartrate and citrate peaks
in the resolution solution (resolution0.6, defined below),
precision for replicaten{ = 5, relative standard deviation

2. Experimental <2.0%) injections of mid level standard, accuracy for the
analysis of untreated and SPE treated check standard (accu-
2.1. Solid-phase extraction device and procedure racy within 98.0-102.0% to verify that lot-to-lot variation

does not affect recoveries of citrate and acetate), analysis of
While optimizing SPE procedure, the following cartridges untreated and SPE-treated reagent water blank (concentra-
were evaluated: Maxiclean cartridges packed with 600 mg tions of peaks, if any, at retention time of citrate or acetate
of Ci1s material (Alltech, Deerfield, IL, USA), Maxiclean not greater than 0.1% of citrate or acetate in the medical
cartridges packed with 500 mg ofigPrevail material (also  fluid sample, to verify that SPE is not introducing any in-
from Alltech), G g cartridge packed with 300 mg ofigma- terfering peak), and method calibration performance(
terial (Waters, Milford, MA, USA), and tgg cartridge, also 0.995, and %y-intercept< 5.0). The resolution between
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Table 1

Method parameters, data evaluation, and acceptance criteria defined per the validation protocol

Parameter Data evaluation Criteria

Specificity Injections of reagent and placebo blank treated with Area of peaks, in reagent water and placebo blank, at
SPE cartridges were examined for peaks at the the elution times of citrate or acetate axe0.1% of
retention times of citrate and acetate. the area of citrate or acetate in check standard,

respectively.
Accuracy The recoveries of SPE treated samples at 80, 100, and Mean recovery 100.& 1.0%, defined as ratio of the

120% were calculated against the untreated samples. meansx 100.
R.S.D. (relative standard deviatior) 2.0% for all
experimental results for each test solution

Precision
Repeatability R.S.D. values for each of the accuracy study samples R.S.D.< 2.0%
were used to calculate the method precision.
Interim The R.S.D. values for the pooled data from two R.S.D.< 2.0%
analysts were used to calculate the method precision.
Linearity of SPE treatment Peak areas for citrate and acetate for each of the r? not less than 0.998
untreated and treated sample preparations were plotted % y-intercept: not more than 5.0
against the concentration. Residual sum of squares: informative
Range Assay range was where acceptable linearity, accuracy, Passing results for accuracy and precision.
and precision were obtained.
Stability The recovery of citrate and acetate in SPE treated Passing results for accuracy and precision.
samples were calculated against the initial
concentrations.
Ruggedness Data from two analysts was analyzed for acceptable Passing results for accuracy and precision in the
accuracy, precision, and linearity. pooled data, and passing results for linearity.

citrate and tartrate was calculated from the ratio betweenin a syringe can be pushed through the cartridge. A SPE
height of the tartrate peak from the baseline and height of device in cartridge format was, therefore, selected over
the valley between the two peaks to the apex of the tartratethat in tube format. Among the various SPE cartridges

peak. evaluated, Waters t(g cartridge had narrower particle size
distribution (37-55um) and 17% carbon load allowing
2.4. Preparation of test solutions maximum sample loading. Since a reversed-phase medium

removed the late eluting peaks, using such cartridge should

Test solutions were prepared to contain citrate and ac- have the highest removal capacity and be the most rugged.
etate at 80—120% of the nominal concentration of these two Conditioning of the cartridge with a solvent was essential

analytes in the medical fluid sample. A placebo blank was to avoid appearance of extraneous peaks due to impurities
prepared to contain the matrix without citrate and acetate. from the cartridge in the chromatographic analysis. In the
Untreated and SPE treated test solutions were then assayedptimized procedure cartridge was conditioned with 10 ml

using the ion-exclusion chromatographic procedure. acetonitrile, with which no extraneous peaks were obtained
for the injections of water blank or samples. The effective-
2.5. Validation procedure ness of this conditioning procedure is verified with every

run in the system suitability test.

The validation protocol defined the method parametersto  Experiments were performed to determine the volume of
be validated, the experiments to be performed, and the ac-sample that needed to be pushed and discarded through the
ceptance criterialigble ). To assess the method ruggedness, cartridge prior to collecting an aliquot for the ion-exclusion
two analysts performed the experiments, using two separatechromatographic analysis, such that compared with citrate
instruments and columns. and acetate in untreated solution, full recoveries of citrate

and acetate are obtained for the SPE treated solution, and
that the cartridge capacity for removal of late eluting peaks

3. Results and discussion is not exceeded. In order for the SPE procedure to be rugged,
both of these conditions had to be satisfied. In this ex-
3.1. Optimization of SPE procedure periment, amount of sample pushed and discarded through

the cartridge ranged from 2 to 20 ml, in 2-ml increments,
SPE devices are available in tube or cartridge format. The and amount of sample collected for the ion-exclusion chro-
tube format requires applying of vacuum, whereas, with the matographic analysis was kept at 1 ml. The obtained data is
cartridge format, using a luer lock connection, sample placed presented irFig. 1, which shows that when 6 ml or larger
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Fig. 1. Recovery of citrate and acetate in medical fluids as affected by amount of sample pushed and discarded through the SPE cartridge. Ager discardi
the mentioned amount of sample, another 1 ml was pushed and collected for the ion-exclusion chromatographic determination of citrate and acetate.

amount of sample was discarded through the cartridge, cit-remained unknown, the data, therefore, shows that the opti-
rate and acetate were recovered at close to 100%. As evidenimized SPE procedure, consisting of pushing a total of 9 ml

from the chromatograms obtained, the cartridge capacity in sample that is far less than the attempted 21 ml, would not
removal of late eluting peaks was not exceeded even whenoperate at close to the cartridge capacity. The optimized pro-
21 ml sample was pushed through the cartridge. Although cedure used in routine analysis is describe@éttion 2.1

the cartridge capacity in removing the late eluting peak To further evaluate the ruggedness of the SPE procedure,
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Fig. 2. Chromatogram illustrating removal of late eluting peaks in the medical fluid sample treated with SPE. An 8-ml sample was pushed through
the SPE cartridge and discarded. Another 1-ml was then pushed through the cartridge and collected for the ion-exclusion chromatographic analysis
Chromatographic conditions, Mobile phase; 25 mMS@,; 0.8 ml/min, columns; 4 mm x 30mm cation H guard cartridge and.gmm x 300 mm

HPX-87H analytical column, 2@l injection, 60°C column temperature, and UV detection at 210 nm.
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Table 2
Accuracy and precision of the method
Test solution (%) Analyte Parametgrs  Untreated Treated Recovery (%)
Analyst 1 Analyst 2 Analyst 1 Analyst 2 Analyst 1 Analyst 2
Solution at 80 Citrate (g/l) Mean 2.56 2.56 2.56 2.56 100.0 99.9
95% C.1. 0.002 0.002 0.002 0.006
R.S.D. (%) 0.02 0.04 0.03 0.09
Acetate (g/l) Mean 3.59 3.58 3.59 3.58 100.0 99.9
95% C.1. 0.005 0.004 0.007 0.004
R.S.D. (%) 0.06 0.04 0.08 0.04
Solution at 100 Citrate (g/l) Mean 3.19 3.19 3.19 3.19 100.3 100.2
95% C.I. 0.004 0.004 0.003 0.004
R.S.D. (%) 0.05 0.05 0.04 0.05
Acetate (g/l) Mean 4.46 4.46 4.47 4.47 100.2 100.2
95% C.1. 0.008 0.005 0.011 0.007
R.S.D. (%) 0.07 0.05 0.10 0.06
Solution at 120 Citrate (g/l) Mean 3.84 3.83 3.84 3.83 100.0 100.1
95% C.1. 0.003 0.010 0.004 0.026
R.S.D. (%) 0.04 0.10 0.04 0.27
Acetate (g/l) Mean 5.38 5.36 5.38 5.37 100.0 100.2
95% C.1. 0.003 0.013 0.014 0.034
R.S.D. (%) 0.02 0.10 0.10 0.26
a C.l., confidence interval and R.S.D., relative standard deviation. Obtained values are rounded off for presentation purpose.
Table 3
Linearity of response in the SPE-treated samples
Calculation Analyst | Analyst Il
Citrate Acetate Citrate Acetate
Slope 725 521 362 068 728 831 366 534
y-intercept 363 700 132 956 —225 791 —24 020
y-intercept (%% 0.50 0.37 -0.31 -0.07
Residual sum of squares 1,4 101 4.5 x 100 1.25 x 101 2.7 x 100
Correlation coefficient 0.99989 0.99986 0.99990 0.99992
@ Calculated vs. the area counts in medical fluid sample containing acetate and citrate at 100%.
a couple of lots of SPE cartridges were evaluated, and the
obtained accurate and precise results for citrate and acetater
howed that lot-to-lot variation did not affect SPE able 4
showe that lot-to-lot variation I not affect . treatme'nt. Stability of SPE-treated samples
With the SPE removal of late eluting peaks, the ion-exclusion — _
chromatography runtime was shortened from 180 to 35 min "'™e (W Parameter Citrate Acetate
(Fig. 2). Quadruplicate injections of SPE treated samples, 0 Average ( = 3) 3.22 451
with a runtime of 35 min, were made, and it was confirmed R.S.D. (%) 0.06 0.05
that the SPE fully removed the late eluting peaks since there Accuracy 100.0 100.0
were no indications of carried over peaks, potentially result- 24 Average i = 3) 3.22 4.50
ing from inadequate SPE removal, in these multiple injec- R.S.D. (%) 0.02 0.03
. Accuracy 99.9 99.9
tions.
48 Average I = 3) 3.23 451
S ] ) ) R.S.D. (%) 0.02 0.03
3.2. Validation of the ion-exclusion chromatographic Accuracy 100.1 100.1
method with SPE cleanup Overall precision
) ) ) Average 3.22 451
Two analysts performed experiments as described in 95% C.1. 0.003 0.003
Table 1 Both analysts passed the system suitability require- R.S.D. (%) 0.11 0.09

ments (data not presented). The validation results obtained a accuracy calculated as: [(average concentration at the specified

are discussed below.

time)/(average concentration at time zere)]100.
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Table 5
Pooled data on accuracy and precision showing method ruggédness
Test solution (%) Analyte Paramet®rs Untreated Treated Recovery (%)
Solution at 80 Citrate (g/l) Mean 2.56 2.56 99.9
95% C.1. 0.003 0.004
R.S.D. (%) 0.11 0.14
Acetate (g/l) Mean 3.58 3.58 100.0
95% C.I. 0.003 0.005
R.S.D. (%) 0.09 0.14
Solution at 100 Citrate (g/l) Mean 3.19 3.19 100.2
95% C.I. 0.002 0.002
R.S.D. (%) 0.05 0.05
Acetate (g/l) Mean 4.46 4.47 100.2
95% C.I. 0.002 0.004
R.S.D. (%) 0.05 0.08
Solution at 120 Citrate (g/l) Mean 3.84 3.84 100.1
95% C.I. 0.010 0.010
R.S.D. (%) 0.25 0.25
Acetate (g/l) Mean 5.37 5.37 100.1
95% C.I. 0.014 0.013
R.S.D. (%) 0.26 0.24

a Results obtained from two analysts for the analyses of untreated and SPE treated samples are pooled.
b Obtained values are rounded off for presentation purpose.

3.2.1. Specificity R.S.D. values at each time point ranged from 0.02 to 0.06%
Area counts for citrate and acetate peaks in, untreatedand overall R.S.D. values were 0.11 and 0.09% for citrate
and treated, distilled water and placebo blank samples wereand acetate, respectively. Hence, the SPE treated samples
not greater than 0.1% of the area counts for these peaksare stable for at least 48 h.

in untreated check standard (data not presented). The data
illustrated that the SPE cleanup procedure is specific for the 3.2.5. Ruggedness

guantitation of citrate and acetate. Pooled data on accuracy and precision using determined
values are presented ifable 5 which shows that the
3.2.2. Accuracy and precision method met the requirements for accuracy and precision.

Accuracy and precision data for the two analysts are sum- Both analysts also obtained response linearity in the range
marized inTable 2 The data demonstrated accuracy of the of 80-120% of the nominal concentration for citrate and
method with recovery of citrate and acetate ranging from acetate Table 3. The method is, therefore, rugged.

99.9 to 100.3%. The method was precise with R.S.D. values

ranging from 0.02 to 0.27%. Exemplary chromatogram for

the treated medical fluid sample at 100% nominal concentra-4. Summary

tionis presented iRig. 2 The pooled data from two analysts,

obtained on two separate instruments with two different  The ion-exclusion chromatography method for the deter-

columns, gave R.S.D. values ranging from 0.05 to 0.26%, minations of citrate and acetate with SPE cleanup enabled

and the data illustrated interim precision of the method. shortened runtime from 180 to 35 min. Results of method
validation showed that the method is valid for the intended

3.2.3. Linearity purpose since the results, for each parameter, met the accep-

Citrate and acetate determinations in the SPE treated medtance criteria set forth in the validation protocol. The method
ical fluid sample are linear, in the range of 80-120% con- has been routinely used in the manufacturing environment
centration, with correlation coefficient of > 0.998 aypdxis for the analysis of medical fluid samples.
intercept of< 0.5% (Table 3. Based on the data obtained
for accuracy, precision, and linearity, it was concluded that
the SPE treatment covered a range of 80—-120% concentraReferences
tion of citrate and acetate in the formulation.
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