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Table 2: Quantitation results for standards prepared in solvent

AVERAGE
AREA

Theobromine
Theophylline 234

Dyphylline 72 0.49 0.52% 427 1 2.40% 784
Caffeine

Chlorothiazine 75 0 24.53% 149
Cromolyn-Na 176 0.25 42.33% 456 1 1.28% 917

Hydroclorothiazide 255
Pemoline 102 0.34 18.81% 400 1 11.86% 780

Petoxifyline 793 -0.32 3.79% 4308 0 1.86% 8319
Dexamethasone 479 0 2.45% 1017

Boldenone 219 -0.01 14.44% 1261 0 1.97% 2471
Ketoprofen 315 0.60 7.64% 1191 1 9.43% 2381

Indomethacin 103 1 11.11% 212
Diclofenac 64 0.30 11.55% 281 1 8.84% 475

Flufenamic Acid 310 0.22 13.97% 892 1 2.52% 1780
Meclofenamic Acid 14 0.18 17.51% 61 1 41.26% 113

AVERAGE
AREA

AVERAGE
CALC.
CONC %RSD

AVERAGE
AREA

AVERAGE
CALC.
CONC %RSD

0.1 pg/µL 0.5 pg/µL

Theophylline (A) 1129 6 10.48% 2540 17 5.53% 5185 38 2.82% 45170 334 2.11%
Dyphylline (A) 9832 5 1.94% 22461 17 2.73% 44917 39 0.98% 322434 334 2.24%

Caffeine (A) 6330 6 6.86% 15401 18 4.94% 30016 37 2.14% 258749 336 1.20%
Chlorothiazine (A) 1798 7 5.99% 3834 17 5.48% 7967 37 0.94% 70426 334 1.24%

Hydroclorothiazide (A) 2487 7 3.07% 5684 18 2.05% 11276 38 2.02% 92748 331 1.39%
Pentoxifylline (A) 122524 -2 -6.01% 296023 16 3.35% 605430 49 2.36% 3152583 332 0.97%

Boldenone (A) 13426 7 2.77% 33942 19 1.55% 58628 35 2.21% 593649 334 1.24%
Ketoprofen (A) 19899 6 3.75% 43660 17 3.86% 88899 37 2.23% 754801 337 1.67%

Ketoprofen – MS3 (A) 8097 4 4.05% 17578 15 2.82% 37039 40 2.09% 279306 339 1.97%
Indomethacin (A) 1087 2 28.26% 2382 13 6.78% 6442 48 4.05% 35792 332 2.61%

Diclofenac (A) 2577 3 2.37% 5355 13 5.46% 14471 46 4.62% 78597 332 2.94%
Meclofenamic Acid (A) 290 7 10.78% 447 10 22.75% 2130 44 2.92% 6086 122 16.84%

Cromolyn-Na (B) 11298 9 2.70% 30183 27 1.08% 88171 83 0.80% 698392 675 2.40%
Flufenamic Acid (B) 3442 15 3.59% 7763 21 1.84% 55407 88 2.44% 135790 200 13.92%

Theobromine (C) 6293 51 1.86% 17288 92 3.23% 51615 222 1.58% 471898 2009 0.77%

Table 3: Quantitation results for standards prepared in horse urine

AVERAGE
AREA

AVERAGE
CALC.
CONC %RSD

AVERAGE
AREA

AVERAGE
CALC.
CONC %RSD

AVERAGE
AREA

AVERAGE
CALC.
CONC %RSD

AVERAGE
AREA

AVERAGE
CALC.
CONC %RSD

3.3 pg/µL 16.6 pg/µL 41.6 pg/µL 333.3 pg/µL

20 pg/µL 100 pg/µL 250 pg/µL 2000 pg/µL

6.6 pg/µL 33.4 pg/µL 83.3 pg/µL 333.3 pg/µL
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Table 4: Quantitation results for the analysis of unknown levels of drugs in horse urine

AVERAGE
AREA

AVERAGE
CALC.
CONC %RSD

AVERAGE
AREA

AVERAGE
CALC.
CONC %RSD

AVERAGE
AREA

AVERAGE
CALC.
CONC %RSD

AVERAGE
AREA

AVERAGE
CALC.
CONC %RSD

AVERAGE
CALC.
CONC %RSD

625 5 0.47% 1222 9 2.55% 6856 52 0.41% 12993 99 1.43%
1 1.79% 1208 5 2.58% 2408 10 2.52% 12207 49 1.36% 24967 100 0.66%
1 3.10% 4359 5 0.91% 8593 9 0.72% 46667 49 1.47% 95782 100 1.13%

2330 6 5.03% 3912 9 3.15% 26131 51 0.85% 51308 99 1.07%
1 22.14% 645 4 13.31% 1294 9 4.88% 7711 53 2.66% 14231 98 1.10%
1 5.66% 4672 5 7.11% 8889 9 2.63% 49369 51 3.40% 96148 100 1.12%
1 7.88% 1170 5 11.66% 2663 10 2.83% 13545 50 1.19% 26856 100 2.72%
1 3.65% 3774 5 2.79% 8117 10 1.35% 42321 50 0.62% 84890 100 1.79%
1 1.13% 44808 5 0.56% 93532 10 1.05% 474442 53 2.08% 877603 98 1.77%
1 5.52% 5758 5 1.14% 11952 10 0.47% 60483 51 2.69% 118294 100 1.68%
1 5.08% 12325 5 2.25% 23958 10 1.07% 120812 50 1.33% 238560 100 1.68%
1 7.15% 11906 5 1.22% 22945 10 3.13% 119082 48 1.17% 253903 101 0.46%
1 2.78% 212 1 2.78% 2259 10 2.80% 11565 50 1.77% 23189 100 0.18%
1 8.40% 2382 5 1.20% 4712 10 3.18% 24920 50 1.14% 50161 100 2.06%
1 6.92% 8546 5 0.39% 17468 10 2.60% 90104 50 0.36% 178996 100 1.28%
1 7.84% 641 5 7.97% 1446 10 12.83% 7294 51 1.39% 14337 100 0.21%

1.0 pg/µL 5.0 pg/µL 10 pg/µL 50 pg/µL 100 pg/µL

QC Sample 2

Theobromine (C) 250.0 231.7 92.7% 1.72% 625.0 615.0 98.4% 1.84%
Theophylline (A) 41.6 38.6 92.7% 1.96% 104.1 103.5 99.4% 2.58%

Dyphylline (A) 41.6 41.3 99.3% 2.02% 104.1 115.5 110.9% 3.38%
Caffeine (A) 41.6 42.4 101.9% 3.30% 104.1 109.6 105.3% 3.05%

Chlorothiazine (A) 41.6 43.0 103.3% 2.64% 104.1 114.4 109.9% 1.65%
Cromolyn-Na (B) 83.3 83.9 100.7% 2.10% 210.0 193.9 92.4% 1.77%

Hydroclorothiazide (A) 41.6 41.8 100.5% 2.64% 104.1 113.1 108.6% 2.27%
Pentoxifylline (A) 41.6 44.5 106.9% 2.23% 104.1 126.5 121.5% 1.43%

Boldenone (A) 41.6 38.8 93.4% 1.04% 104.1 102.4 98.4% 2.63%
Ketoprofen (A) 41.6 38.0 91.4% 1.22% 104.1 104.6 100.5% 1.53%

Ketoprofen – MS3 (A) 41.6 41.7 100.2% 1.26% 104.1 106.1 101.9% 2.05%
Indomethacin (A) 41.6 49.7 119.5% 5.78% 104.1 116.4 111.8% 1.62%

Diclofenac (A) 41.6 48.4 116.3% 5.89% 104.1 124.1 119.2% 7.94%
Flufenamic Acid (B) 83.3 60.7 72.9% 2.21% 210.0 141.6 67.4% 19.10%

Meclofenamic Acid (A) 41.6 33.3 80.1% 6.74% 104.1 89.8 86.3% 21.76%

Conc. (p
g/µL)

Cal. C
onc.

Diffe
rence

%RSD
Conc. (p

g/µL)

Cal. C
onc.

Diffe
rence

%RSD

QC Sample

96129 667 1.31%
575760 667 3.71%
511382 666 1.21%
143677 666 0.54%
186723 668 1.64%

5840616 667 0.95%
1301762 666 1.22%
1481732 665 1.72%
542362 664 2.86%
61378 667 1.74%

122821 668 2.18%
7065 142 10.74%

88842 84 2.10%
170496 249 10.77%

825323 3998 1.85%

AVERAGE
AREA

AVERAGE
CALC.
CONC %RSD
650 pg/µL

4000 pg/µL

1350 pg/µL



Conclusions

Positive and negative ion detection of co-eluting drugs 
was accomplished in a single chromatographic run 
using automated polarity switching. Drugs that 
underwent a neutral water loss were further fragmented
using WideBand Activation to provide a diagnostically
rich MS/MS spectrum for structural confirmation. 
The compound ketoprofen underwent a prominent, 
non-specific neutral loss of formic acid and was further
analyzed using an MS3 transition. Full-scan MSn data 
was reprocessed to quantify all 16 compounds by 
reconstructed ion chromatograms (RICs), or post-
acquisition MRM, and provided results comparable to
triple quadrupole SRM quantitation. It is possible to

achieve the low % RSD required in quantitation due to
the fast cycle time of the Thermo Scientific LTQ. In the 
case of non-specific neutral molecule losses, MS3

experiments generated diagnostic spectra for 
confirmational purposes while providing quantitative
results comparable to the MS/MS data. Results of the
ruggedness study demonstrate no appreciable loss of
sensitivity or reproducibility across 100 replicate urine
injections. Thus, using the Thermo Scientific LTQ 
two-dimensional linear ion trap, we have demonstrated
the development of a simple, rapid, and rugged method
capable of confirmational screening and simultaneous
quantitation of drugs in horse urine using both full-scan
LC/MS/MS and MS3 spectra.
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Figure 8: Ruggedness and reproducibility for 100 consecutive injections of a 166 pg/µL standard of theobromine, caffeine, pentoxyphylline, 
and ketoprofen in urine 
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