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Key Challenges for High Throughput
ADME Studies
• Speed of analysis – the time frame for obtaining data for FDA
submittal is often short and restrictive
• Sample capacity – along with speed of analysis, higher sample
capacity enhances throughput and facilitates larger studies
• Robustness – interrupted analyses can devastate throughput

Key Features of the SCIEX ExionLC™
AD UHPLC System for High Throughput
ADME Studies
• Full UHPLC capabilities can cut sample analysis time in half

The SCIEX ExionLC AD System and Triple Quad 5500 System.

• High capacity CTC PAL autosampler dramatically increases
the number of samples that can be run in a single batch

order to file a new drug application (NDA). The time frame to
obtain data for submittal is usually short and restrictive. As the

• By combining the ExionLC AD and CTC PAL autosampler,
throughput can be doubled

number of novel molecular entities (NME) to be tested in early

• The rugged and robust design of the ExionLC AD System
provides consistent and accurate sample analysis with
minimal maintenance

Speed of analysis, instrument capacity, and reliability go hand in

Introduction

profiling increases, throughput becomes a major challenge.
hand to determine sample throughput and ensure timely delivery
of data to clients for decisions on leading candidates.
Most ADME assays are performed by liquid chromatography
combined with tandem mass spectrometry (LC-MS/MS). Success

Profiling the absorption, distribution, metabolism, and elimination

depends heavily on the liquid chromatograph used. Accuracy,

(ADME) characteristics of drug candidates is vital to lead

speed of analysis, sample capacity, and robustness are key

optimization in the early stages of drug development. In vitro

features to look for when choosing an LC.

ADME screening encompasses a wide variety of assays,
including:

This technical note demonstrates the effectiveness of a rugged,
high throughput LC-MS/MS system employing the ExionLC

• Absorption

AD System coupled with a SCIEX Triple Quad 5500 System to

• Metabolic stability

validate an oral absorption model. The model used 22 reference

• Drug-drug interactions

for assessment of oral bio-availability. By validating the oral

• Bioanalysis for early stages pharmacokinetics
• Metabolite identification

compounds in Caco-2 cells, a well-established cell line used
absorption model, oral drug candidate submissions can obtain
an FDA Waiver of Bioequivalence, allowing for quicker approvals
without having to perform long, expensive in vivo studies. The

The U.S. Food and Drug Administration (FDA) requires certain

ExionLC AD System ensured all data was generated on time,

in vitro assays be performed according to FDA guidelines in

allowing the client to submit on time for FDA clinical trials.
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Experimental
The in vitro model assesses apical-to-basolateral drug
transport versus basolateral-to-apical drug transport, including
efflux (Figure 1). It was employed to assess the overall oral

Following a 60 minute incubation in the A-B direction, samples
were taken from both the apical chamber, for assessment of
compound recovery (donor side, D60), and from the basolateral
chamber, for assessment of permeability (receiver side, R60).

bioavailability of a drug candidate. Apparent permeability

Following a 40 minute incubation in the B-A direction, samples

(Papp) and fraction-absorbed (FAB) values were determined

are taken from both the apical chamber for assessment of

for each compound. Compounds were rank ordered by the

permeability (receiver side, R40) and the basolateral chamber for

permeability class they fell in, ranging from zero permeability

assessment of recovery (donor side, D40).

to high permeability. According to the FDA, compounds with
a fraction absorbed of 85% or higher are considered to be
highly permeable.

Each of the 1152 samples was extracted using a 1:1 acetonitrile:
methanol solution containing 0.1% formic acid and then analyzed
by LC-MS/MS.
A 10 µM fluorescein permeability assessment (in the A-B direction
at pH 7.4 on both sides) was performed after the permeability assay
was conducted with test compounds. A cell monolayer that has a
fluorescein permeability of less than 1.5 x10-6 cm/s is considered
intact, and the permeability result of the test compounds from intact
cell monolayer is considered valid.

Chromatography
Sample analysis was performed using a SCIEX Triple Quad
5500 System and ExionLC AD UHPLC System coupled to a CTC
PAL RTC cooled double-stack autosampler with total capacity of
twelve 96 well injection plates.
Figure 1. Example of well section used for a Caco-2 permeability experiment.

- Run time: 1.5 min per injection
- Mobile phase A: 13.3 mM ammonium formate /

Sample Preparation

- 6.7 mM formic acid in water

22 FDA-validated compounds (Table 1, page 4) were prepared

- Mobile phase B: 6 mM ammonium formate /

and analyzed in triplicate in an in vitro permeability assessment

3 mM formic acid in water/ACN (1/9, v/v)

experiment utilizing Caco-2 cells to mimic an intestinal monolayer
formation. Caco-2 cells are derived from a human colon
adenocarcinoma. They develop morphological characteristics of
normal enterocytes found within the small intestine. The cells were

- Columns:
		

- Phenomenex Kinetex C18, 30 x 2.1 mm, 2.6 µm

		

- Phenomenex HILIC, 100 x 2.1 mm, 2.6 µm

cultured in Millipore bidirectional permeable supports in a 96 well

The C18 column and a generic gradient were used for 21 of 22

format. Compounds were assayed at a concentration of 10 µM.

samples. The gradient consisted of:

Compounds tested in apical-to-basolateral (A-B) direction were

- 95% solvent A, 0–0.5 min

added and incubated in the apical chamber (insert) containing

- 20% solvent A, 0.5–0.7 min

the cell monolayer. Compounds tested in basolateral-to-apical
(B-A) direction were added and incubated in the basolateral
chamber (well section), which did not contain cells.
An initial sample was taken at the start of incubation (D0) and
recovery and permeability were analyzed from this value.

- 100% solvent B, 0.7–0.8 min
- 95% solvent A, 0.8–1.5 min
Flow rate was 0.6 mL/min.
The HILIC column and an isocratic gradient of 95% solvent B at
a flow rate of 0.5 mL/min were used for analysis of metformin.
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Mass Spectrometry
Methods were developed from an MS/MS screening method,
optimizing for collision energy and chromatography. The two
most intense ions from each compound were used as quantifier
and qualifier ions. Data processing was performed using Analyst
software version 1.6.3.

Results
The ExionLC AD UHPLC System was chosen so that all samples
could be analyzed within 2 days after sample preparation. Data
acquisition time was reduced from 3 min to 1.5 min by using
higher flow rates and pressures. The increased capacity of the
CTC PAL cooled double-stack autosampler eliminated the need
for injection plate rotation. The direct load and wash station
eliminated any carry over concerns. Consistent and accurate
data was collected. All 1152 samples were analyzed in 30 hours.
A previous microflow LC method for the same analysis, run at
200 µL/min, took 60 hours.
Peak areas from chromatograms (Figure 2) were used to
quantitate all data within Analyst software. Papp and FAB values
were calculated using the formulas in Figure 3.

Papp(cm/s)=

VR*CR,end
1
*
Δt		 A*(CD,mid-CR,mid)

Where VR is the volume of the receiver chamber. CR,end
is the concentration of the test compound in the receiver
chamber at the end time point, Δt is the incubation time
and A is the surface area of the cell monolayer. CD,mid
is the calculated mid-point concentration of the test
compound in the donor side, which is the mean value of
the donor concentration at time 0 minute and the donor
concentration at the end time point. CR,mid is the mid-point
concentration of the test compound in the receiver side,
which is one half of the receiver concentration at the end
time point. Concentrations of the test compound were

Figure 2. Example chromatograms of colchicine a low permeability
compound , trace amount in R60 and propranolol a high permeability
compound, abundant in R60.

expressed as peak areas of the test compound.

FAB =

AUCoral

AUCIV

Figure 3. Apparent permeability formula used to calculate Papp and FAB
values: AUC (area under curve) of dosage.
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Figure 4. Robustness: internal standard (tolbutamide) across 192 injections of propranolol with the ExionLC™ AD System.

Consistent, fast, and accurate injections across hundreds of
samples (Figure 4) allowed for quick and easy data generation

Table 1: Results for the validation of the Caco-2 monolayer.
Mean Papp
(10-6 cm/s)

in less than 2 days, as opposed to 3 days using a previous

Compound I.D. 10 µM

microflow LC method.

Naproxen

137.53

97

Antipyrine

92.53

100

Caffeine

83.24

100

Phenytoin

77.23

90

Propranolol

25.33

95

Metoprolol

18.68

97

Labetalol

6.89

93

Quinidine

2.83

80

Vinblastine

0.94

68

Enalapril

0.62

66

Furosimide

0.54

61

Metformin

0.54

52

Ranitidine

0.45

55

Atenolol

0.44

52

Terbutaline

0.41

67

Colchicine

0.21

47

Famotidine

0.20

43

Enaliprilat

0.16

9

Acycloguanosine

0.20

25

Chorothiazide

0.08

45

Nadolol

0.02

28

Lisinopril

0.02

25

The mean Papp and FAB values calculated for each of the 22
test compounds are shown in Table 1 and Figure 5. All the values
agree with previously validated data.1
The ExionLC AD™ UHPLC System provided increased speed
without compromising the accuracy or robustness of the
data generated. The result was a more than 2 times increase
in efficiency over a previous workflow using microflow LC.
There were no other manipulations to the workflow or sample
preparation in order to achieve the desired throughput.

FAB

Blue Class = Highly Permeable, Papp > 2.5
Red Class = Red Class = Moderately Permeable, Papp 0.31 - 2.5
Green Class = Green Class = Zero to Low Permeability, Papp 0 – 0.3
Compounds rank ordered by permeability class in the apical-tobasolateral direction. Client compound data are placed in a class
according to where they fall in the Caco-2 permeability assessment
model. Classes range from zero permeability to highly permeable.
This model is used to assess the apparent permeability of a
compound as compared to FDA validated data.
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Figure 5. Apical-to-basolateral (blue) versus basolateral-to-apical (red) % oral absorbance of all 22 FDA-validated compounds.
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Conclusions

Who is Eurofins? Eurofins Pharma Discovery Services has

The ExionLC™ AD UHPLC System was a critical component
in the successful completion of validation in accordance with
FDA Waiver of Bioequivalence guidance. It provided increased
speed without compromising sensitivity, accuracy, or robustness.
Sample capacity was doubled with the CTC PAL cooled double-

supported Drug Discovery research for over 40 years. We are
recognized as the industry leader for providing drug discovery
researchers the largest and most diverse portfolio of standard
and custom in vitro safety & pharmacology assays and panels for
drug screening and profiling.

stack autosampler, allowing continuous processing of large

In addition to our strengths with in vitro safety pharmacology,

numbers of samples.

we also offer a broad portfolio of over 3500 drug discovery

The ExionLC AD System provides a solution for high-throughput
screening applications without the need for multiplexing or
additional capital investment. An ExionLC AD System enables
labs to expand current service offerings, provide clients with
shorter turnaround times, and commit to larger-volume studies.

services and 1800 products, including; in vitro assays, cell-based
phenotypic assays, safety pharmacology & efficacy, ADME
Tox, chemistry and custom proteins and assay development
capabilities for a variety of drug discovery targets such as
GPCRs, Kinases, Ion Channels, Nuclear Hormone Receptors
and other proteins & enzymes.
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Pharma Discovery Services global teams contributes insights
teams have broad drug discovery capabilities, expertise and
proven experience in meeting a wide variety of project objectives
successfully with respect to the delivery of quality data and
on-time performance. We have robust, efficient processes and
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Who is SCIEX? SCIEX company’s global leadership and worldclass service and support in the capillary electrophoresis and
liquid chromatography-mass spectrometry industry have made
it a trusted partner to thousands of the scientists and lab analysts

volumes of samples and on-time delivery of reports.
Our broad global service capabilities, and decades of experience
in providing drug discovery services, result in the delivery of high
quality, reproducible study performance with few repeats and
high client satisfaction. The Eurofins Pharma Discovery Services
capabilities, expertise, knowledge and skill sets enable us to
provide our clients the additional benefit of being able to work
with a single outsourcing provider (CRO) for their drug discovery
programs.

Contact Us: eurofinsdiscoveryservices.com

worldwide who are focused on basic research, drug discovery
and development, food and environmental testing, forensics
and clinical research.

Contact Us: sciex.com/contact-us
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