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Introduction

In a recent survey conducted by the World Health Organization,
pharmaceutical and related contaminants were discovered In recycled or
reclaimed water. This iIs a global concern as water is one of world’s most

Displacement Assay Format

Labeled phenytoin was first applied to a column containing immobilized BSA and allowed to bind to the BSA, as depicted in step 1 of Fig. 3. Following the injection of
the labeled phenytoin, the various model analytes were injected onto the column. This resulted in displacement of some of the labeled phenytoin, as depicted in step 2.
Changes in the displaced peak area were found to be correlated with the concentration of the applied analyte, as shown in Fig. 4.
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HPAC was constructed by using a fluorescent labeled analog of the drug
phenytoin and an affinity column containing immobilized bovine serum
alboumin (BSA). BSA is a serum transport protein found in cattle that has a
series of sites that are capable of binding to various pharmaceuticals and
hormones, as well as some pesticides (as shown in Fig. 1).

Figure 3. Scheme for displacement assay based on HPAC sample injection at a flow rate of 0.25 mL/mn.

Calibration Plots

Calibration curves were obtained for the displacement assay by using a set of standards ranging from 0.1-10 puM for warfarin and carbamazepine, as shown in Fig. 5(a-
b). The linear range (0.1-1 uM) for the calibration curves for carbamazepine and warfarin is shown in the insets of Fig. 5a and b. A similar calibration curve were also
developed for L-tryptophan. The estimated limits of detection for warfarin and carbamazepine were 0.15 pM and 0.09. uM respectively.
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Figure 1. BSA and the binding sites to which carbamazepine, L-tryptophan and warfarin

are bound during a displacement assay; phenytoin also interacts at each of these sites Figure 5. Calibration curves for (a) warfarin and (b) carbamazepine

Warfarin, carbamazepine (widely found in wastewater), and L-tryptophan
were used as the model chemicals and binding probes to develop and test this
assay. All of these compounds were found to displace labeled phenytoin
when applied to the BSA column and provided a signal within a few minutes of
sample application. This approach was examined in this study as a possible a
screening tool that could be used for detection of emerging contaminants in
reclaimed and recycled water.

Conclusion

This study examined the development of a displacement assay for the detection
of pharmaceutical agents and other chemicals contaminants in water samples The
detection range for the different analytes was Iin the nM to pM range, with
detection limits in the low nM range. The displacement assay also demonstrated
comparable results to actual concentrations for spiked samples containing either
warfarin or carbamazepine. Although this particular study looked at
carbamazepine, warfarin and L-tryptophan as model analytes, the same approach

Spiked Samples

Spiked samples were prepared by adding in a known concentration of either
carbamazepine or warfarin to a 20 mL sample of tap water. The samples were
then injected onto the BSA column containing the labeled phenytoin. The
displayed peak area was used with the linear calibration plots to determine the
concentration of the spiked samples, as shown in Table 1.

Labeling Phenytoin with Fluorescein

0.10 0.10 (+0.03) 0.08 (0.06) coud_ be exte_nd_ed to other C(_)mpounds that bind to BSA. The mfo_rmatlon p_rowded

0.25 0.25 (£0.08) 0.24 (£0.07) by this study indicates that this approach can be used as a potential screening tool
: ———— ———— to detect emerging contaminants in water and may thus be developed Into a

0.49 0.49 (+0.15) 0.49 (+0.02) . N . . . _

073 0.75 (£0 21 073 (£0.12 screening tool for irrigation water quality. Future work will consider the use of this
' 75 (£0.21) .13 (£0.12) approach with methods such as LC/MS/MS.
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Table 1. Results from spiked sample experiments for carbamazepine and warfarin
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Figure 2. Reaction involved in synthesis of fluorescein labeled phenytoin.
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Labeled phenytoin was synthesized by combining 20 umol 3-amino-5,5-
diphenylimidazolidine-2,4-dione (ADPH) with 9 pmol N-hydroxysuccinimide-
fluorescein (NHS-fluorescein) in dimethyl sulfoxide (DMSQO) and triethylamine.
This reaction is shown in Fig. 2. The mixture was allowed to react in the dark
and in an ice bath for 4 hours. DMSO and triethylamine were then removed
from the final product by using a vacuum oven at 60 °C and 25 mmHg.




