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Figure S1. Annotated photographs of the LC-SERS set up, with various zooms that illustrate how the LC eluent 

(mobile phase flow) combines with the colloid (Mix 1) and aggregating agent (Mix 2) to meet at the 

aperture of the Raman spectrometer (Sample droplet). At this point SERS spectra are collected from 

the ‘SERS detector’. In the centre photograph: Mix 1 shows when LC flow mixes with the colloid 

using one syringe pump that is automatically controlled; and Mix2 is where this analyte-colloid 

mixture is then combined with the aggregation agent, which is also supplied by an automated syringe 

pump.  

 



Table S1. HPLC conditions showing the gradient elution used in reversed phase HPLC for the separation of 

MTX and its metabolites. 

Time 

(min) 

Flow rate 

(mL/min) 

Solvent A 

(H2O% + 0.05% TFA)  

Solvent B 

(MeOH% + 0.05% TFA) 

0 0.150 75 25 

5.34 0.150 69.8 30.2 

7.54 0.150 67.8 32.2 

8.34 0.150 66.9 33.1 

10 0.150 65 35 

12 0.150 10 90 

16 0.150 90 10 

20 0.150 75 25 

 

 

Table S2 Metrics for HPLC analysis of individual and mixtures samples of MTX and 7-OH MTX spiked into   

urine samples using UV detection at 307 nm followed by SERS. 

Detector Analyte MTX 7-OH MTX DAMPA 

UV 

Linearity (R
2
) from individual analytes 0.9982 0.9832 __ 

Linearity (R
2
) from analyte mixture 0.9902 0.9633 __ 

LOD / µM from individual analytes 1.33 1.84 __ 

LOD / µM from analyte mixture  2.92 4.38 __ 

SERS 

Linearity (R
2
) from individual analytes 0.9712 0.9440 __ 

Linearity (R
2
) from analyte mixture  0.9240 0.9606 __ 

LOD / µM from individual analytes 2.21 3.23 __ 

LOD / µM from analyte mixture  3.31 2.59 __ 

DAMPA was not used in spiked samples as it is not present in real samples; this is because no patients showed 

toxicity to MTX and so were not administered the rescue agent to convert MTX enzymatically into DAMPA.  

 



 

Figure S2. Examples of HPLC-UV chromatograms from injections of (a) mixture of MTX and its metabolites 

and individual injections of (b) MTX, (c) 7-OH MTX and (d) DAMPA dissolved in in 20% methanol. 

 



 

Figure S3. Typical SERS chromatograms from individual injections of MTX, 7-OH MTX and DAMPA in 20% 

methanol. The shaded areas were used for quantification of MTX, 7-OH MTX and DAMPA by 

calculating the areas under the SERS peaks at 688, 595 and 1596 cm
-1

 respectively. These areas are 

summations of 23 chromatographic slices for MTX, 27 for 7-OH MTX and 25 for DAMPA.  

 

Figure S4. Calibration plots for injections of the individual analytes of MTX, 7-OH MTX and DAMPA in 20% 

methanol using UV detection. The mean UV peak area (n=3) is shown with error bars denoting the 

standard deviation. Insets show close-ups of the main plot in the low concentration region.  



 

Figure S5. Calibration plots for injections of the individual analytes of MTX, 7-OH MTX and DAMPA in 20% 

methanol using SERS detection. The mean SERS peak area (n = 3) is shown with error bars denoting 

the standard deviation. Insets show close-ups of the main plot in the low concentration region.  

 

 

 

 

 

 

 

 

 



 

Figure S6. Calibration plots of MTX, 7-OH MTX and DAMPA concentrations predicted from HPLC-UV versus 

HPLC-SERS from injections of individual analytes of MTX, 7-OH MTX and DAMPA dissolved in 

20% methanol. Within each plot the high R
2
 is reported which indicates that the results are in excellent 

agreement.  

 

 

 

 

 

 

 

 

 



 

Figure S7. Typical UV chromatograms from injections of (a) MTX spiked into healthy human urine from 

someone not exposed to MTX, (b) an example of patient urine from someone taking MTX as 

medication where one can see MTX and its natural metabolite 7-OH MTX, and (c) pure urine.  

 


