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Drug metabolite identification 

Proper understanding of the metabolism of a drug is one 

of the keys to the successful development of a new small 

molecule drug. In depth knowledge of metabolization 

and its kinetics delivers chemists crucial information that 

can aid them to further optimize compounds and 

support the preclinical development of a new drug. 

Metabolism of a drug can affect its pharmacological 

activity, toxicity and bioavailability. Therefore the actual 

identification of all drug metabolites using appropriate in 

vitro or in vivo model systems is an essential element in 

the discovery and development of new drugs and the 

earlier this information is collected the better. Moreover, 

regulatory authorities require metabolite identification 

and their safety evaluation (e.g. Guidance for industry, 

safety testing of drug metabolites, FDA, Feb 2008). 

Before any New Chemical Entity (NCE) can be approved 

for clinical trials, the ŘǊǳƎΩǎ ƳŜǘŀōƻƭƛǘŜǎ Ƴǳǎǘ ŦƛǊǎǘ ōŜ 

identified followed by preclinical toxicity testing to 

ensure safety (see Figure 1). 

Figure 1. Drug metabolite profiling and identification 

activities are carried out at the pre-clinical phase level. 

The standard methodology to metabolite identification 

is based on LC-MS profiling. This method delivers with 

relatively high throughput information about the number 

of metabolites obtained from biotransformation of a 

parent drug, the kinetics of transformation (e.g. first- vs 

second generation metabolites) and the type of chemical 

modifications that the compound has been subjected to 

(e.g. oxidation, de-methylation, etc). Eventually, when 

MS/MS methodology is applied, localization of the 

biochemical modification can also be determined. 

However, despite the effectiveness of LC-MS(/MS), 

many drug metabolites can not be identified based on 

these methods. For instance, the exact position of the 

biochemical modification may not be precisely 

established, molecular rearrangements subsequent to 

the biochemical modification could eventually not be 

assessed, or even, some metabolites can be very 

unstable under MS conditions. This has very serious 

consequences considering that this will delay (for a few 

months to over a year) or even eventually prevent a 

compound to reach the clinical phase. Considering the 

development costs of a compound these delays rapidly 

ǘǊŀƴǎƭŀǘŜ ƛƴǘƻ ϵκϷ Ƴƛƭƭƛƻƴǎ for each individual 

development project. Thus knowing the exact IDs of all 

your drug metabolites as early as possible in the drug 

discovery and development process is a safe investment, 

whatever it takes. 

 

Spinnovation solves your Drug Metabolite identification 

issues. 

Spinnovation Analytical offers a powerful, fast and robust 

integrated analytical solution to drug metabolite ID (see 

Figure 2), based on a combined MS/NMR platform. We 

handle the expression of the drug metabolites and 

establish their LC-MS profile. For the metabolite that can 

not be identified by MS, we apply expression scale-up 

and isolate them so that the metabolites can be analyzed 

by LC-SPE-cryoNMR (1H/13C-NMR). Integrating NMR and 

MS experimental data we establish the exact structure of 

any metabolite. 

 

 

Figure 2. {ǇƛƴƴƻǾŀǘƛƻƴΩǎ ƛƴǘŜƎǊŀǘŜŘ ŀƴŀƭȅǘƛŎŀƭ ŀǇǇǊƻŀŎƘ 

ǘƻ ŘǊǳƎ ƳŜǘŀōƻƭƛǘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀŎǘƛǾƛǘȅΦ {ǇƛƴƴƻǾŀǘƛƻƴΩǎ 

platform combines knowledge and capabilities to express 

drug metabolites and identify them using LC-MS and LC-

SPE-cryoNMR methods. 
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Case study 1: Identification of steroid metabolites using combined LC-MS and LC-SPE-cryoNMR 

Steroids can give rise to a large number of metabolites 

when incubated with liver microsomes. The identification 

of each metabolite requires significant effort and is likely 

to lead to numerous ambiguities considering that many 

of them are characterized by the same chemical 

modification as compared to the parent compound (i.e. 

oxidation), but at a different position (see Figure 3) 

 

Figure 3. Following the incubation of a steroid with rat 

liver microsomes, we detected 12 different metabolites 

originating from single or double oxidations of the parent 

compound. LC chromatograms of blue/ blank incubation 

of API without NADPH; purple/ blank incubation of API 

without pooled rat liver microsomes; green/ API 

incubation with rat liver microsomes. In Red, MS base-

peak chromatogram. 

 

Using LC-MS method, we could assess at best on which 

ring of the steroid the oxidation was taking place. Using 

{ǇƛƴƴƻǾŀǘƛƻƴΩǎ [/-SPE-cryoNMR platform, we could 

establish the exact position of the chemical modification 

in all 12 metabolites within a time frame of about 6 

weeks. Interestingly, we determined that in some cases 

the oxidation took place at an unexpected position 

(figure 4). 

 

 

Figure 4. COSY NMR spectra of a steroid metabolite 

recorded using LC-SPE-cryoNMR. 

 

LC-MS methods can address the issue of identifying drug 

metabolites in a semi-automated fashion but lack 

performance in an estimated 10-15% of the cases. 

Combining LC-MS to LC-SPE-cryoNMR methods elevate 

drastically the number of metabolite structures that can 

ōŜ ƛŘŜƴǘƛŦƛŜŘΦ LƳǇƻǊǘŀƴǘƭȅ {ǇƛƴƴƻǾŀǘƛƻƴΩǎ ǇƭŀǘŦƻǊƳ 

reduces significantly the number of metabolites that 

need to be synthesized for validation resulting in large 

time and cost savings.  
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Case study 2: Localization of oxidation site that was not identified by MS 

A compound containing a 5-membered ring was found to 

lead to 5 mono- and 5 di-oxidation products when 

incubated with rat liver microsomes. The LC-MS/MS data 

indicated one of the metabolites to have additional 

oxygen on the 5-membered ring as compared to the 

parent compound. Within 2 weeks, we expressed and 

purified the metabolite, and analyzed it using our LC-SPE-

cryoNMR method. Based on 
13

C-HSQC NMR experiment, 

we established that indeed a new CH-OH was present on 

the five-membered ring (see Figure 5). 

 

Figure 5. Overlay of 
13

C-edited HSQC NMR experiment. In 

red/blue: the NMR spectra of the API; in green/purple: 

NMR spectra of the metabolite. A new peak (green, 

indicated with an arrow) reveals that a new hydroxyl 

function is present on the five-membered ring. 

The exact position of the hydroxyl function on the ring 

could then be established using COSY NMR experiment 

(see Figure 6).  

 

Figure 6. COSY spectra of the metabolite of interest. The 

NMR peak pattern reveals the exact position of the new 

hydroxyl function. 

 

Using combination of LC-MS and LC-SPE-cryoNMR we 

were thus able to deliver rapidly and unambiguously the 

identity of this drug metabolite to the medicinal 

chemists. 

 

 

 

 

 

Conclusions   

Spinnovation integrated analytical solution to Impurity 

Identification provides: 

¶ access to highest structural information content 

¶ ability to address the broadest range of identification 

issues (small molecules, biologics, biopolymers, 

ǎǘŜǊŜƻƛǎƻƳŜǊǎΣΧύ 

¶ fast answers to your metabolite identification problems 

¶ costs efficient support to your preclinical development 

 {ǇƛƴƴƻǾŀǘƛƻƴΩǎ ƳŜǘƘƻŘǎ ŀƴŘ ǎǳǇǇƻǊǘ ƳŀƪŜ 

you save months of development time and 

allow you to reach the decision step to go to 

clinical or not faster. 

 

 


