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Overview 
This application note demonstrates the use of ultra high pressure 
liquid chromatography (UHPLC) with fast scanning mass 
spectrometric techniques for the identification of carbamazepine 
in rat plasma.  The unique fast scanning capabilities of the 
QTRAP® 5500 system couples highly specific triple quadrupole 
scan modes with highly sensitive linear ion trap (LIT) product ion 
scans for the rapid detection and identification of metabolites.  
LightSight® software version 2.2 was employed to create and 
submit acquisition methods. All data processing was performed 
using a single processing method in LightSight® software. 

Introduction 
Traditionally, in vitro and in vivo metabolic profiling has been 
performed at higher than clinically relevant doses due to the 
limitation in sensitivity and selectivity of mass spectrometric 
detection.  A metabolic profile at these high doses can be 
significantly different from the profile at physiologically relevant 
concentrations. It is highly desirable to perform in vivo studies at 

clinically relevant dose levels; however these studies are often 
performed at a much lower concentrations and pose significant 
analytical challenges for selective and sensitive qualitative 
analysis. 

For this study, carbamazepine was chosen to evaluate the use of 
UPLC coupled to a hybrid triple quadrupole linear ion trap mass 
spectrometer for metabolic profiling at physiologically relevant 
concentrations. 

Experimental Conditions 
Carbamazepine was adminstered intravenously to Sprague-
Dawley rats at 4 mg/Kg dose.  Plasma samples were collected at 
pre-dose, 15, 60, 180, and 360 min, and stored at -20°C prior to 
analysis. Each sample was prepared using simple protein 
precipitation with 50/50 methanol/acetonitrile, centrifuged, dried 
down and reconstituted in 0.1/5/95 formic acid/acetonitrile/water. 

 

Figure 1. Processing of Prec/NL IDA data in LightSight® software v2.2 
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Carbamazepine and its metabolites were chromatographically 
separated using an Acquity UPLC® system. Mass spectrometric 
detection was performed using a QTRAP® 5500 system.  This 
unique hybrid triple quadrupole-linear ion trap instrument couples 
the ability to use highly specific triple quadrupole scan modes 
such as precursor ion (Prec) or neutral loss (NL) scanning to 
trigger highly sensitive linear ion trap product ion scans using 
information dependent acquisition (IDA). The acquisition method 
wizard in LightSight® software version 2.2 was used to create 
acquisition methods, including a method using the predictive 
MRM (pMRM) approach, and a method that combines the use of 
a neutral loss scan and a precursor ion scan to trigger MS/MS. 

Results and Discussion  
Figure 4 shows the molecular structure of carbamazepine, with 
sites of fragmentation that occur during MS/MS analysis 

indicated along with the nominal mass of the fragment.  The m/z 
194 fragment ion was chosen as the Q3 mass for the pMRM 
method, as well as the fragment for the Precursor/Neutral Loss 
method. 

A two injection strategy was used to find the majority of the 
metabolites. The first injection used the pMRM IDA method, and 
was able to detect 18 potential metabolites. The dual precursor 
ion/neutral loss IDA method was used to ensure that unpredicted 
metabolites were not missed. Sulphate and glucuronide 
conjugation was further screened for using a neutral loss scan of 
80 and 176 respectively in a third injection. In total 20 potential 
metabolites were identified with information rich MS/MS spectra 
collected using the highly sensitive ion trap. 

 

 

Mobile Phase A: 10 mM ammonium 
formate pH 3 

Mobile Phase B: 95% methanol/5% 10 mM 
ammonium formate pH 3 

Weak Solvent Wash: 50/50 methanol/water 
Strong Solvent Wash: methanol 

LC column: Acquity UPLC BEH C18 
2.1x100 mm, 1.7µ 

Column Temperature: 65°C 
Flow Rate: 450 µL/min 
Injection Volume: 10 µL 
Total Analysis Time: 7 minutes 

Figure 2:  The LC gradient used 
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Figure 4:  Carbamazepine structure 
 

Figure 3:  Acquisition method wizard in LightSight® software 
version 2.2. 
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A single processing method was created to detect metabolites in 
all scan modes explored (Figure 5).  The identity of several of the 
metabolites were confirmed using standards.  Figure 6 illustrates 
the separation of some of the metabolites achieved using UPLC. 
Table 1 is a summary of the potential metabolites detected.  
Confirmatory EPI spectra were obtained for all species. 

The fast scanning capabilities of the QTRAP® 5500 system 
enable the coupling of specific and sensitive triple quadrupole 

scan modes (Prec/NL/MRM) with highly sensitive product ion 
scans on a UHPLC time-scale.  The use of quadrupole mode 
survey scans can be especially useful for sensitive determination 
of low-level metabolites in complex matrices.  The ability to 
combine multiple survey scans is an extremely powerful solution 
for doing targeted detection of phase II conjugated metabolites 
such as glucuronide and glutathione conjugation. The 
aforementioned strategies for detecting metabolites are fully 
enabled by LightSight® software v2.2. 

 

Figure 5: Processing method for carbamazepine data.  A single 
processing method can be used to process all scan types used in 
metabolic profiling on QTRAP® systems, with scan-type specific 
parameters.  
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Figure 6. UPLC separation of some of the metabolites of carbamazepine. 



 

p 4 

Conclusions 
• Metabolic profiling of carbamazepine was performed using 

LightSight® software v2.2 and the QTRAP® 5500 system. 

• LightSight software version 2.2 accelerates metabolic profiling 
by: 

− Creating optimized acquisition methods for metabolite 
detection. 

− Automatically creates IDA acquisition methods with two 
survey scans for the QTRAP® 5500 system.  

− Automatically creates glucuronide neutral loss methods. 

− Creating and submitting acquisition methods using the 
Acquity® UPLC system. 

• Allowing users to create and save processing methods. 

• Use of a single processing method for data reduction and 
identification of metabolites from dual-survey scan data 
acquisition. 

• A dual-survey scan approach combining neutral loss and 
precursor ions scans provides complementary information to 
the predictive MRM IDA approach. 

• The high speed and sensitivity of the QTRAP® 5500 system 
allows for metabolic profiling studies at more physiologically 
relevant concentration.  

 

Peak 
ID RT Proposed Structure m/z t=15 min t=60 min t=120 min t=360 min Peak 

ID RT Proposed Structure m/z t=15 min t=60 min t=120 min t=360 min

M1 1.33 271 a a a a M11 2.54 253 a a a a

M2 1.4 429 a a a a M12 2.57 unknown metabolite 283 a a a a

M3 1.6 333 a a M13 2.72 413 a a

M4 1.64 429 a a M14 2.72 unknown metabolite 283 a a a

M5 1.73 333 a a a a M15 2.75 253 a a a a

M6 1.76 unknown metabolite 283 a M16 3.17 unknown metabolite 255 a a

M7 1.91 429 a a a a M17 3.41 267 a a a a

M8 2.2 271 a a a a M18 3.7 237 a a a a

M9 2.2 unknown metabolite 290 a a M19 4.02 239 a a

M10 2.35 253 a a a a M20 4.93 251 a a
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Table 1. Potential metabolites of carbamazepine and their proposed structures (RT = retention time in minutes). 
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