
Metabolite Detection – Fragment Ion Searching (FISh) 

Metabolites were detected and identified using fragment ion 
searching (FISh).  This approach uses the observed and theoretical 
fragments of a compound along with a list of expected 
biotransformations to search the data for fragments and through 
these fragments the components related to the compound of 
interest.  Fragments matched in this way create a fragment based 
total ion current that quickly visualized the regions with significant 
similar fragmentation and most likely metabolites.  For this example 
we used a set of expected loratadine fragments (8 total) and a small 
list of common phase I and phase II biotransformation (9 total) to 
perform the initial analysis.  The results of the processing are shown 
in Figure 3 for the raw data and the FISh trace.   

 

 

 

 

 

 

 

 

 

 

Fragment ion searching significantly reduced the searching time by 
locating peak shaped components that had fragmentation (with and 
without modification) similar to loratadine.  This process produced 
similar results to other methods like multiple mass defect filtering 
(Figure 4) however since the method is structure based, it resulted 
in fewer false positives than MMDF. 

 

 

 

 

 

 

 

 

 

 

 

Fragment based searching with high resolution accurate mass data 
is a selective approach for untargetted metabolite finding.  The 
application of the same FISh searching filter to the pre-dose blank 
urine sample provided no detected components in the fragment 
scans. 

Conclusion 
Chemically intelligent, structure based acquisition and processing of 
complex in vivo samples provides excellent detection of multiple 
metabolites  In addition, the complementary nature of structure based 
acquisition with metabolite structure interpretation has been 
demonstrated by the identification of multiple loratadine metabolites 
in human urine samples.  There are multiple benefits to this 
structurally driven acquisition and interpretation including: 

No need to predict metabolism a priori to set mass defect filters. 

 Limited false positives through high resolution accurate mass and 
structure based detection. 

Fragment based searching provides immediate structure 
interpretation information for detected metabolites. 

All ion fragmentation data combined with fragment based 
searching provides for detection and identification of unexpected 
or untriggered metabolites. 

Overview 
Purpose: Demonstrate the viability of a combined, structurally 
intelligent UHPLC-HRAM MS acquisition and processing 
procedure for in vivo human metabolite ID. 

Methods: Multiple timecourse samples of urine taken from a 
human after a single oral dose of loratadine (20mg) were prepared  
by solid phase extraction with subsequent UHPLC-HRAM MS 
analysis.  Fragmentation scans were acquired on metabolites in a 
structurally intelligent manner using a combination of all ion 
fragmentation and multi-neutral loss triggering.  The data was 
processed to detect and identify metabolite structures using a 
complementary structure based approach. 

Results: A total of 21 metabolites were detected in urine samples 
across the time course of study.  The profiles of urinary metabolites 
was determined from the time course. 

Introduction 
The detection of metabolites in complex real-world biological 
samples from animal and human mass balance and clinical studies 
is one of the most challenging aspects of drug development.  
Regulatory requirements to determine the exposure, identity, and 
safety of metabolites, MIST and M3(R2), drive the analysis of 
metabolites in vitro and in vivo for both animal and human studies.  
In this study we determined the metabolites excreted in urine after 
a single oral dose of loratadine (Claritin™) with urine collection 
over a period of 3 days. 

Methods  
Sample Preparation 

Urine samples, including a pre-dose, were collected at 16 time 
intervals over three days.  The total volume of urine was 
determined for each interval and a 25 mL sample was taken.  Urine 
samples were prepared by dilution with an equal volume of water 
followed by solid phase extraction (HyperSep C18, 500mg).  The 
solid phase eluates were evaporated to dryness under a stream of 
nitrogen and reconstituted with 80:20 water:methanol.  For 
analysis, 2 uL of each sample was injected onto the UHPLC-MS 
system described. 

Liquid Chromatography  

Samples were analyzed on a system consisting of an Thermo 
Scientific UltiMate 3000™ LC system with separation achieved on 
a 100 X 2.1, 1.9u Hypersil™ Gold column (Thermo Fisher 
Scientific, San Jose CA).  Mobile phase A consisted of Water with 
0.1% formic acid and mobile phase B consisted of ACN with 0.1% 
formic acid. 

Table 1. LC Method   

 

 

 

 

 

 

 

 

 

Mass Spectrometry 

Qualitative analyses was performed on a Thermo Scientific Q 
Exactive benchtop Orbitrap mass spectrometer connected to the 
LC system described above.  The mass spectrometer was 
operated in positive ionization mode with a HESI-II probe (Sheath 
Gas: 60, Aux Gas: 15, 350 C).  Acquisition using structure based 
triggering of MS2 fragmentation is discussed more fully in the 
Results section. 

Data Analysis 

Metabolites were detected using a fragment based search (FISh) in 
Mass Frontier 7.0.  Detected metabolites were simultaneously 
identified based on the search fragments and metabolic 
transformations. 

FIGURE 2. Schematic of Structurally Intelligent MS2 Triggering. 

Results  
Structure Based Acquisition – HRAM-NL  

Neutral loss acquisition has been used for many years on triple 
quadrupoles as a sensitive, semi-selective method for detecting 
potentially related metabolites in samples.  The limited number of 
neutral losses simultaneously detected and the limitations of 
nominal mass constrained the approach however.  Using a 
combination of high resolution accurate mass and all ion 
fragmentation (AIF),  the utility of neutral loss analysis becomes 
more powerful.  All ion fragmentation scans on the instrument are 
performed by allowing a wide range of precursors into the HCD cell 
(high energy collisional dissociation cell).  The full mass range of 
fragments generated from all precursors are then scanned.  A  list of 
observed neutral loss values from a standard injection of loratadine 
was created (Figure 1).  This list was augmented using a list of 
known common neutral losses for phase II biotransformations 
(glucuronidation, sulfation, glutathione conjugation) to increase the 
acquisition power. 

Structure Based Acquisition – HRAM-NL (Continued) 

The schema in Figure 2 outlines the approach used.  Briefly, a high 
resolution full scan was acquired (mz 150-900, 70,000 resolution) 
followed by an AIF scan (m/z 60-900, 35,000 resolution).  All 
members of the provided neutral loss list are searched by 
comparing all combinations of observed full scan and AIF scan ions.  
Any match within ±5 ppm triggers a precursor ion selected MS2 on 
the suspected parent ion.  If no match to any provided neutral loss is 
observed, the next full scan AIF scan combination occurs.  This 
pattern repeats throughout the entire LC run. 

Mass Frontier is a trademark of HighChem Inc, Bratislava Slovakia.  

All other trademarks are the property of Thermo Fisher Scientific and its subsidiaries. 

This information is not intended to encourage use of these products in any manners that might infringe the intellectual 
property rights of others. 

FIGURE 1. Fragmentation of Loratadine Used to Trigger MS2 

FIGURE 3. FISh Results for 0-3.5h Urine Sample. 

FIGURE 6. Oxidation of desloratadine. 

Structure Determination – FISh Structure Assignment 

The fragment structures used for component detection allowed for rapid 
assignment of structures.  The same fragments used to detect 
components also began the assignment of structure.  From 0 to 10 hours 
the top ten most abundant metabolites detected were either oxidative 
metabolites of desloratadine (4) or glucuronides of phase I metabolites (6).  
The fragmentation scan for the most abundant glucuronide is shown in 
Figure 5.  The color coding of fragment ions allows for quick determination 
of the site of metabolism – oxidation at one of the alkyl carbons of the 
tricyclic rings.  Figure 6 shows a second example of the quick identification 
of metabolites, in this case an oxidation of desloratadine, the active 
metabolite of loratadine. 
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FIGURE 4. MMDF vs FISh for 0-3.5h Urine Sample. 

FIGURE 5. Oxidation + Glucuronidation of Loratadine. 
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FIGURE 7. FISh Detected Time Profiles from 0 to 10 hours. 
0 – 3.5 h 

3.5 – 6.5 h 

6.5 – 8.5 h 

8.5 – 10 h 

The FISh model built to find metabolites in the 0-3.5 hour sample was 
applied to subsequent timepoints to quickly generate profiles based on 
the metabolite knowledge built up from the first sample.  Profiles from o 
to 10 hours are shown in Figure 7. 
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