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1 Quick	Protocol	

1. Plate Thawing and preparation 

• Thaw plate or individual tube units for 3h at room temperature (alternatively overnight). 

• Spin plate quickly for 5 seconds at 750 g. 

• Make sure the plate has a working temperature between 20°C and 25°C when starting the experiment.  

• Leave caps closed while preparing the test compound. 

2. Drug Candidate Preparation 

• Prepare 16x stock solutions of each compound in 32% solvent (e.g. DMSO) - yields a final solvent conc. of 2%. 

• The final compound concentration in the assay depends on the compounds solubility, analytical method  

and instrumentation: If permitted by compound solubility use 5 µM final assay concentration. This requires 80 µM 

stock solutions. 

• Since each compound is added in an aliquot of 15 µl to each well of an 8-well tube unit, at least 120 µl stock 

solution are required for each compound. Allow an additional 80 µl for accurate pipetting. 

3. Drug Candidate Addition 

• Open wells with supplied decapper. 

• Mix the stock solutions carefully. 

• Transfer 15 µl of the 16x stock solution to a column of 8 wells of the TRANSIL assay plate proceeding column by 

column. Change tips after each transfer step to avoid carryover of beads. 

• Close tube wells and make sure that the capband is oriented in the same direction as before. 

4. Incubation and Supernatant Sampling 

• Incubate the plates on a plate shaker at 1000 rpm for 12 minutes. 

• Spin the plate in a swing-out centrifuge for 10 minutes at 750 g. 

• Transfer 50 – 100 µl supernatant in a standard 96 well plate for analytical quantification. Make sure that no beads 

are carried along. 

5. Analysis 

• Quantify supernatants by the method of choice. 

• For evaluation of the results, please use the supplied MS Excel spreadsheet and refer to the operating instructions 

for data analysis. 
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2 Background	
2.1 Determinants	of	Oral	Drug	Absorption	in	Drug	Discovery	

Drug discovery today is a multi-parameter optimization problem. Potency and selectivity 

alone are no longer sufficient—successful drug candidates must also show favorable 

pharmacokinetic and safety profiles. In practice, many promising compounds fail not because 

they lack activity, but because they do not reach adequate exposure in vivo. 

The ability to predict human pharmacokinetics early in discovery has therefore become a key 

driver of decision-making. By identifying compounds with favorable absorption and 

distribution properties at an early stage, teams can focus resources on molecules with a higher 

probability of success. 

For orally administered drugs, absorption from the gastrointestinal tract is a complex 

and multifactorial process. It is influenced by physiological parameters such as intestinal 

surface area, pH gradients, and transit times, as well as by physicochemical properties of the 

compound, including solubility and membrane permeability. In particular, the ability of a 

compound to permeate biological membranes is a critical determinant of the fraction of dose 

absorbed. 

In addition to permeability and solubility limitations, factors such as chemical 

instability in the intestinal environment and metabolism in the gut wall or liver can further 

reduce bioavailability—the fraction of an administered dose that reaches systemic circulation. 

During lead optimization, it is therefore essential to understand which of these factors limits 

exposure, as this enables more targeted design decisions. 

Ultimately, oral absorption is not determined by a single parameter but by the 

interplay of multiple processes. Disentangling these contributions—especially isolating the 

role of membrane permeability—is key to improving pharmacokinetic properties and 

increasing the likelihood of clinical success. 

2.2 Half-Life,	Clearance,	and	Volume	of	Distribution	

A drug’s half-life is a key determinant of dosing frequency and is governed primarily by two 

pharmacokinetic parameters: clearance and apparent volume of distribution (VD). 

Compounds with short half-lives typically require more frequent dosing, whereas compounds 

with longer half-lives can often be dosed less often. In practice, dosing regimen is also 

influenced by pharmacodynamic factors, including the exposure needed for efficacy and the 

margin to concentrations associated with adverse effects. However, these relationships are 
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highly target- and compound-specific and are difficult to predict reliably from early in vitro or 

preclinical data. 

For this reason, prediction of human half-life remains a major objective in drug 

discovery and development. While empirical approaches such as allometric scaling and 

correlative models are commonly used, prediction is generally more robust when the two 

main determinants of half-life—clearance and volume of distribution—are estimated 

separately and then combined to derive half-life values (Obach et al., 1997). 

Volume of distribution (VD) reflects how a drug partitions between plasma and tissues. 

Although reported as a single pharmacokinetic parameter, it summarizes a complex interplay 

of chemical and biological interactions. In simplified terms, VD describes whether a 

compound remains primarily in the central circulation or distributes extensively into 

peripheral tissues. 

As a result, compounds with similar plasma protein binding can still show very 

different VD values if they differ in their affinity for tissue components. A compound with 

stronger tissue binding will generally display a larger VD. Conversely, compounds with similar 

tissue binding may differ in VD if one is more strongly bound to plasma proteins, which tends 

to retain it in the circulation and reduce distribution into tissues. Tissue partitioning is 

therefore determined by the balance between binding to plasma proteins and binding to 

tissue components, provided that the compound can readily access those tissues. 

In reality, tissue binding is not uniform. Different tissues vary in lipid composition, 

protein content, and other binding components, and these differences influence both the 

affinity and capacity for drug partitioning. While plasma protein binding can be measured 

relatively easily using human plasma, direct measurement of tissue binding in humans is far 

less practical. This makes predictive in vitro approaches especially valuable for estimating the 

contribution of tissue partitioning to human pharmacokinetics. 

A major contributor to tissue binding is the interaction of drugs with biological 

membranes, which are rich in phospholipids. As a result, membrane affinity is a key 

determinant of how compounds partition into tissues.  

The TRANSIL Intestinal Absorption Kit is designed not only to predict intestinal 

permeability, but also to provide insight into tissue partitioning and, by extension, volume of 

distribution. This is possible because drug–membrane interactions are central to both 

processes: compounds must partition into biological membranes to cross the intestinal 

epithelium, and similar interactions also contribute to their distribution into tissues 
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throughout the body. By measuring affinity to phosphatidylcholine-rich membrane bilayers, 

the assay captures a mechanistically relevant property that can be used early in discovery to 

support prediction of key pharmacokinetic parameters, including intestinal permeability and 

volume of distribution. 

2.3 Limitations	and	Interpretation	of	the	Assay	

The TRANSIL Intestinal Absorption Kit is designed to quantify membrane affinity and passive 

membrane partitioning in a controlled, cell-free system. As such, it isolates the contribution 

of passive transcellular diffusion, but does not capture additional biological processes that 

can influence intestinal absorption in vivo. 

In particular, the assay does not include active transport mechanisms, such as 

carrier-mediated influx or efflux. While this represents a limitation, it is also a key advantage. 

Passive membrane permeation is a prerequisite for efficient absorption, and many 

compounds are primarily affected by efflux transporters, which tend to reduce intracellular 

exposure. Compounds with low passive permeability are therefore unlikely to achieve 

sufficient absorption, even in the presence of active transport. Screening for passive diffusion 

early in discovery enables efficient prioritization and ensures that more complex assays, such 

as Caco-2 models, are applied only to compounds with sufficient intrinsic permeability. 

Beyond transporter effects, the assay does not account for other physiological 

factors such as paracellular transport, mucus barriers, intestinal metabolism, or regional 

variations in gastrointestinal conditions. In addition, while the phosphatidylcholine-based 

membranes provide a biologically relevant and well-defined model of lipid bilayers, they do 

not fully reproduce the compositional complexity of native intestinal membranes. 

The influence of pH and ionization state on membrane partitioning is also an 

important consideration, as intestinal pH varies along the gastrointestinal tract and affects 

compound permeability. To address this, the TRANSIL platform offers kit variants at different 

pH conditions, enabling assessment of membrane affinity under physiologically relevant 

ionization states. 

Taken together, the TRANSIL Intestinal Absorption Kit is best used as a first-line assay 

for intrinsic passive permeability. It provides a mechanistically interpretable readout that 

supports early decision-making and complements more complex biological models by 

helping to disentangle passive and active contributions to drug absorption 
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2.4 Concept	of	the	TRANSIL	Intestinal	Absorption	Kit	

The TRANSIL Intestinal Absorption Kit measures equilibrium partitioning of test compounds 

between an aqueous phase and a defined phospholipid membrane phase. In the assay, 

phospholipid bilayers immobilized on porous beads provide a stable membrane system for 

measuring compound–membrane interaction in a controlled, cell-free format. Test 

compounds are incubated with increasing amounts of membrane-coated beads, and the 

remaining compound concentration in the supernatant is used to calculate the membrane 

affinity, defined as the ratio of compound concentration in the membrane phase to that in 

buffer. This experimentally determined parameter forms the basis for prediction of intestinal 

permeability and supports assessment of tissue distribution. 

2.5 Advantages	of	the	TRANSIL	Approach	

The TRANSIL Intestinal Absorption Kit offers several practical and scientific advantages for 

assessing intrinsic passive permeability: 

• Direct measurement of passive membrane partitioning — isolates a key 

determinant of oral absorption in a controlled and mechanistically interpretable 

way.  

• Cell-free and well-defined assay system — avoids variability introduced by 

transporter expression, metabolism, and cell culture conditions.  

• Reproducible measurement of intrinsic membrane permeability — supports 

consistent comparison across compounds, experiments, and projects.  

• Rapid equilibrium assay — delivers results within minutes rather than hours, 

enabling fast decision-making in screening and lead optimization.  

• Mechanistic basis for prediction of intestinal permeability (Pint) — links 

experimental membrane interaction data directly to a relevant pharmacokinetic 

parameter.  

• Support for assessment of tissue distribution — membrane affinity data can also 

contribute to estimation of tissue partitioning and volume of distribution.  

• Useful first-line screening tool — helps prioritize compounds before applying more 

complex and resource-intensive assays such as Caco-2.  
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• Facilitates interpretation of permeability data across assay systems — separating 

passive and active contributions helps clarify discrepancies between cell-free and 

cell-based models. 

3 Applications	of	TRANSIL	Intestinal	Absorption	Kit		
The TRANSIL Intestinal Absorption Kit is used to assess intrinsic passive permeability and to 

support prediction of pharmacokinetic properties during drug discovery and development. 

By providing a direct and mechanistic measure of membrane affinity, the assay enables a 

range of applications across early and late-stage research. 

Prediction of intestinal permeability and oral absorption 

The primary application of the assay is the prediction of intestinal permeability (Pint) and 

its contribution to the fraction of drug absorbed after oral administration. By quantifying 

membrane partitioning, the assay provides a mechanistically relevant estimate of passive 

transcellular diffusion, which is a key determinant of oral bioavailability. 

Lead optimization and compound ranking 

The assay supports structure–property relationship (SPR) analysis by enabling rapid 

comparison of membrane affinity across compound series. This allows medicinal chemists 

to identify trends and optimize compounds for improved permeability early in the design 

cycle. 

Assessment of tissue distribution and volume of distribution 

Membrane affinity contributes to tissue partitioning and can therefore be used to support 

estimation of volume of distribution (VD). The assay helps identify compounds with a 

tendency for extensive tissue binding, which can influence systemic exposure and half-life. 

First-line screening for passive permeability 

As a cell-free system, the TRANSIL assay is well suited for early screening of intrinsic 

permeability. Compounds with insufficient passive membrane partitioning can be 

deprioritized before investing in more complex assays, improving resource allocation and 

efficiency. 

Interpretation of Caco-2 and transporter data 

By isolating passive membrane interaction, the assay provides a reference for interpreting 

results from cell-based permeability assays. Differences between TRANSIL and Caco-2 data 
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can help identify the contribution of active transport mechanisms, such as efflux or uptake 

transporters. 

Evaluation of pH-dependent permeability 

Using kit variants at different pH conditions, the assay can be applied to study the effect of 

ionization state on membrane partitioning. This enables assessment of permeability under 

physiologically relevant conditions along the gastrointestinal tract. 

4 Basic	assay	principle	
The TRANSIL Intestinal Absorption Kit measures the affinity of test compounds for 

phosphatidylcholine membranes in a controlled equilibrium partitioning assay. A fixed 

concentration of compound is incubated with increasing amounts of membrane surface 

immobilized on silica beads (Figure 1). For each compound, eight wells are analyzed: six wells 

contain membrane-coated beads and two wells serve as buffer-only references to account for 

non-specific binding. Following incubation, the membrane beads are separated and the 

remaining compound concentration in the supernatant is quantified. The membrane affinity 

is then calculated from the concentration changes across the membrane-containing wells 

using the supplied spreadsheet and analysis algorithm. Compound quantification can be 

performed with standard detection methods such as HPLC-UV, LC-MS/MS, or scintillation 

counting. 
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a) 
 

 
b) 
 

 
 

c) 
 

 
 
Figure 1: The TRANSIL Intestinal Absorption Kit uses a column of 8 wells to determine the affinity to intestinal 

membranes. a) Photography of the assay plate and b) the annotated tube units supplied. c) Illustration of the 

assay plate showing the reference rows A and H (white wells) as well as the increasing membrane concentration 

from wells B to G (blue). The dashed line indicates the row orientation of the plate: the same amount of drug is 

added to all tube wells in one column. The plate can be used for 12 compounds. 

   Ref1       IA1       IA2        IA3       IA4        IA5        IA6      Ref2 

 
[Membrane] 
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5 Kit	components	
A TRANSIL Intestinal Absorption Kit is composed of the following items: 

No. Qty. Item  

1 1 A 96 well plate with twelve units of 8 tubes filled with a suspension of 

TRANSIL Intestinal Absorption Beads suspended in 10 mM phosphate 

buffered saline adjusted to pH 7.4. Tube units are locked in the assay 

plate for optimal handling with liquid handlers. Tube units can be de-

locked easily from the lower side of the plate. This allows the flexibility 

to run less than 12 test compounds per experiment if required. 

2 1 Decapper-8  

3 1 Instruction manual 

4 1 CD with spreadsheet calculation 

 

6 Abbreviations	
IA Intestinal Absorption 

cmp Compound 

conc Concentration 

DMSO Dimethyl sulfoxide 

MA Membrane affinity defined as the concentration of drug in membrane 

(lipid) over concentration of drug in buffer: . The mass balance 

equation is used to calculate membrane affinity from experimental data. 

PBS Dulbecco’s Phosphate buffered saline used in 1x concentration 

TQI TRANSIL Quality Index 

r2 Correlation coefficient 

b

l

c
cMA =
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VD Volume of distribution 

Vb Buffer volume 

Vl Lipid volume 

7 Equipment	
The following equipment is required to run the TRANSIL Intestinal Absorption kit: 

No. Instrument Specification 

1 Plate shaker For high speed mixing (min. 800 rpm), 

i.e. MixMate (Eppendorf). 

 

Alternatively, a vortexer with a 

plateholder can be used. 

2 Centrifuge Including rotor for SBS standard assay 

plates 
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8 Assay	preparation	
Upon receipt the kit should be stored at -20°C (-4°F).  

Before use, thaw the assay at 4°C for a period of 12 hours (overnight) or, at room temperature 

for a period of 3 hours. Make sure the tubes have reached room temperature (between 20° 

and 25°C) prior to starting the assay. After thawing, spin plate quickly for 5 seconds at 750 g 

to collect all liquid at the bottom. 

If it is desired to analyze less than 12 compounds at the same time, it is possible to 

remove columns of 8 tubes, interlocked by the lid-strip. We advise to remove the strips which 

shall be saved for future experiments and leave the tubes for current use on the rack. Remove 

tube strips by carefully pushing the individual tubes up from the bottom of the plate rack. 

Always keep lids closed when removing tubes. 

9 Drug	candidate	preparation	
Prepare a 16x stock solution for each drug candidate in DMSO. The final assay DMSO 

concentration can range from 2% to 6%. A 2% DMSO concentration is recommended (requires 

32% DMSO in 16x compound stock) as higher DMSO concentrations may result in slight 

underestimation of binding.  

Please consider the following: 

Concentration: The TRANSIL Intestinal Absorption Kit can be used in conjunction with different 

analytical methods and instruments. These include LC-MS/MS, as well as other methods such 

as scintillation counting. Please note that the lower limit of the compound concentration in 

the assay is only limited by the detection limit and dynamic range of the analytical system 

used. However, we advise to choose a compound concentration high enough to assure that 

the quantification is fully within the linear range of the instrument. Alternatively, it is advised 

to prepare a detailed calibration curve to account for non-linearities. Please contact the 

customer service for further advice on the best approach to the particular compound and 

situation.  

The upper limit of the compound concentration in the assay is limited by the 

compounds solubility as well as the saturation of individual beads or the entire bead 

suspension with the test compound. Therefore, we recommend using final assay 

concentrations of 5 µM or less. 
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Volume: We recommend preparing a volume of at least 200 µl per compound. It is necessary 

to have at least 120 µl of the stock solution for each compound drug candidate since to each 

of the 8 tube wells 15 µl of the compound is added.  

10 Replicates	
The TRANSIL Intestinal Absorption assay is designed such that one compound utilizes 8 wells 

– two references and 6 wells with increasing immobilized biological phase (membrane surface 

area). Therefore, the assay provides 6-fold determination of the assay parameters. Thus, it is 

not necessary to run more than one row per compound to obtain replicates for statistical 

validity.  

11 Assay	procedure	
The workflow of the TRANSIL Intestinal Absorption assay is illustrated in Figure 2. 

 
 
Figure 2: TRANSIL Intestinal Absorption Assay workflow: The same amount of drug is added to all wells followed by a 

mixing step. After 12 minutes incubation, beads are separated from the buffer by centrifugation and the 

remaining supernatant is sampled for quantification.  

 

Follow the following 5 steps for the assay procedure: 

11.1 Compound	addition	

Mix the compound stock solution carefully by vortexing. When the TRANSIL Intestinal 

Absorption kit has reached room temperature and the plate has been centrifuged briefly, 

remove the capbands with the decapper only immediately before compound addition. Make 

sure to maintain the original capband direction so that lids will be returned to the original 

wells to avoid any cross-contamination of beads etc. Add 15 µl of test compound to each well 
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of a tube unit of 8 wells. Use one tube unit per compound (for example wells A1 to H1) so that 

twelve compounds can be analyzed using one kit. Change tips after each compound transfer 

step to avoid carryover of beads. 

11.2 Incubation	

Incubate the plates for twelve minutes on a plate shaker at 1000 rpm at RT.  

NB: The first time a plate shaker is used for TRANSIL assays it is essential to determine that 

all the beads are resuspended in solution.  To ensure beads are resuspended, visually 

inspect the plate after 1 min. If necessary increase the mixing speed until all beads are 

resuspended.  Alternatively, manually invert plate to ensure all beads are resuspended.   

11.3 Separation	of	beads	and	buffer	

Spin the plate for 10 minutes at up to 750 g to sediment the beads from the suspension.  

11.4 Sampling	of	supernatant	

Take 50 – 100µl samples from the supernatants for analysis. Handling tips: 

• Make sure that no beads are carried along when transferring the supernatant to the 

quantification plate. 

• For supernatant sampling we advise not to remove the tubes from the rack. However, 

it may be convenient to remove and discard closed tube strips after supernatant 

sampling for easier access to the remaining tubes on the rack. Make sure to close the 

tubes after sampling and before discarding. 

• When manually sampling supernatants we advise to guide the pipette tips along the 

tube walls.  

12 Sample	quantification	
Use your analytical technique of choice for quantifying the compound concentration in the 

supernatant obtained in the last assay step.  

13 Data	analysis	
Open the supplied spreadsheet for data analysis and follow the steps below to obtain the 

results for the TRANSIL Intestinal Absorption kit. Only the fields marked in green require user 

input. Cells marked with gray background contain default values which may need to be 

adjusted (Figure 3).  
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13.1 Assay	parameters	

Open the “main” tab and enter the assay parameters in the column C8 to C12. Enter the lot 

specific parameters from the certificate of analysis that came with the assay plate. Also, enter 

the lot number and the assay date.  

 
Figure 3: Screen shot of the “main” tab of the spreadsheet for analyzing data from the TRANSIL Intestinal 

Absorption Kit. The “main” tab is used to enter lot specific data as well as for reporting final results, 
the TRANSIL Quality Index (TQI) and predictions of VD and Pint.  

 

13.2 Compound	information	

Please enter the compound names in the column B17 to B28 of the “main” tab. Enter the 

sample volume added to each well in field C16. If a different sample volume was used for each 

drug, enter the sample specific volumes in the column C17 to C28.  

Enter the concentration of the samples’ stock solutions in field D16. If a different sample 

concentration was used for each drug, enter the sample specific concentrations in the column 

D17 to D28 (remember this is the concentration of the stock solution). 
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13.3 Raw	data	from	sample	quantification	

Open the tab “raw data” and enter the peak areas or heights for each well in column G (Figure 

4). Note that column A lists the name of the compound used in each well. Caution: Make sure 

to begin data entry in field G6 for the first well of the plate (A1). When scrolling through the 

spreadsheet the header line in row 5 remains in place, while the fields for peak area entry 

move up.    
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Figure 4: Screen shot of the “rawdata” tab of the spreadsheet for analyzing data from the TRANSIL Intestinal 

Absorption Kit. The “rawdata” tab is used to enter peak area or concentration data from the 
supernatants of the assay plate after incubation and centrifugation.  
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13.4 Results	

The spreadsheet calculates membrane affinities and QC parameters immediately after 

entering the lot specific information, compound names and concentrations, as well as the raw 

data from quantification.  

13.4.1 Membrane	affinity		

The membrane affinity is a partitioning coefficient of drug between membrane and buffer. It 

is defined as the concentration of drug in membrane over the concentration of drug in buffer: 

. 
(1) 

The membrane affinity is calculated from the assay data using the mass balance 

equation: 

 (2) 

which is rearranged such that the membrane affinity can be determined from the slope of 

plotting the ratio of total amount of drug (nt) over remaining concentration in supernatant (cb) 

against the lipid membrane volume present in each well: 

 
(3) 

The results for the membrane affinity are reported in column E17 to E28 along with the 

TRANSIL Quality Index.  

Results with an index greater than 7 are of good quality, results with an index between 

5 and 7 are compromised, but may be reasonably accurate, while results with an index below 

5 are poor and should be reported with caution.  

The default requirement for good references is that both measurements will not 

deviate more than 30%. This assumption can be changed by setting the margin in cell I11 to a 

different value. If the references differ more than this threshold of 30% the spreadsheet uses 

the highest reference value. However, if the highest reference value is lower than the 

concentration determined in the TRANSIL well with the lowest membrane surface area, then 

the spreadsheet discards the reference measurements and selects the first TRANSIL 

measurement as reference and eliminates this TRANSIL measurement from the calculation of 

b

l

c
cMA =
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b

l

b
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the membrane affinity. When this approach is used, the reported membrane affinity will be 

higher or equal the true membrane affinity. Please refer to the trouble shooting section if this 

occurs.  

13.4.2 Detailed	measurement	results	–membrane	affinity	

Detailed measurement results can be found for each drug can be found on the spreadsheet’s 

detail tabs with the indices from 1 to 12 for each respective drug. Figure 5 illustrates the 

information reported on each individual drug tested.  

 

Figure 5: Screen shot of the details “1” tab of the spreadsheet for analyzing data from the TRANSIL Intestinal 
Absorption Assay kit. The “1” tab shows calculated concentrations in each well and all calculations 
performed to derive the affinity to membranes as well as three plots indicating the experiment 
performance.  
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13.5 TRANSIL	Quality	Index	

The TRANSIL Quality Index (TQI) is based on five independent measures derived from the data 

analysis. For each individual measure a partial quality score on a scale between 0 and 10 is 

attributed to the estimate. 0 represents lowest quality, while 10 represents highest quality. 

The final quality index is a weighted average of the partial quality scores.  

13.5.1 Model	fit	(intercept)	

The membrane affinity is calculated by fitting the experimental data to the rearranged mass 

balance equation: 

 
(3) 

Fitting optimal data to equation (3) will yield a slope that exactly represents the true 

membrane affinity, MA, and the buffer volume used in the experiment. In fact, a biased 

estimation of the slope will typically result in a biased estimation of the intercept as well. Since 

the intercept equals the buffer volume used in the experiment, the estimated intercept is used 

as a quality control parameter. If the estimated buffer volume is within an interval ±10% 

around the true value a partial quality score of 10 is attributed. If the estimated buffer volume 

is within an interval ±50% around the true value a partial quality score of 5 is attributed. The 

partial quality score for the model fit has a weight of 3 in the total quality index.  
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Figure 6: Illustration of fitting experimental data to equation (3) to determine the membrane affinity. A 
buffer volume of 240 µL has been used in the experiment, the intercept was estimated to 346 µL, 
hence a quality score of 5 was attributed to the model fit.  

13.5.2 Match	of	measured	versus	predicted	reference	signal	(ref)	

When determining the membrane affinity via the six different lipid volumes using TRANSIL 

beads along with 2 reference estimates without TRANSIL beads, the expected peak area 

resulting from quantification of the references can be calculated from the peak areas from the 

TRANSIL wells by linear regression, since lipid binding can be assumed to be a non-cooperative 

process (Figure 7). This score has a weight of 3 in the TQI. 

 

Figure 7: Illustration of estimating the peak area in the reference vials by plotting the inverse of the peak 
areas of the compound concentration of supernatants in TRANSIL vials against the lipid content. 
The inverse of the intercept represents the expected peak area of the references. 
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A deviation of the measured from the expected reference peak area can be due to a non-

linear calibration curve or unspecific binding, which will be more pronounced in the references 

without the lipid phase of the TRANSIL beads than in the TRANSIL wells. Table 1 lists the partial 

quality scores for deviations of the reference peak areas from expected reference peak areas.  

Table 1: Partial quality scores for deviations of the reference peak areas from expected reference peak areas. 

Deviation Score 

10.0% 10 

20.0% 9 

50.0% 8 

100.0% 7 

200.0% 5 

500.0% 3 

>500.0% 0 

13.5.3 Correlation	coefficient	(r2)	

The correlation coefficient from fitting the experimental data to equation (3) also contributes 

as a partial quality score (Table 2). This score has a weight of 3 in the TQI.  

Table 2: Partial quality scores for the least square model fit of the experimental data to equation (3).   

r2 Score 

0.9999  10 

0.999 9  

0.99 8 

0.9 7 

0.8 6 

0.7 5 

0.6 4 

0.5 3 

<0.5  0 
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13.5.4 Number	of	outliers	or	missing	data	(DP)	

The number of data points used to calculate the membrane affinity is also used as partial 

quality score (Table 3). This score has a weight of 2 in the TQI. 

Table 3: Partial quality scores for the number of data points used in the model fit of the experimental data to equation (3). 

Data points Score 

5 10 

4 9 

3 6 

2 1 

1 0 

 

13.5.5 Data	consistency	(C)	

With increasing lipid volume, i.e. increasing lipid membrane surface, the binding of the test 

items to the membrane should increase proportionally. At least the binding should increase 

with increasing lipid volume. If the measured peak area suggests decreased binding compared 

to binding in the TRANSIL well with the next lower lipid volume, then this data point is 

considered to be inconsistent with the fundamental assumption about lipid binding. If this 

happens for more than one consecutive TRANSIL well, the data point will be excluded from 

the calculation. Irrespective of inclusion or exclusion, a partial quality score will be attributed 

to the data set based on consistency according to Table 4. This score has a weight of only 1 in 

the TQI as it may affect also the number or data points.  

 

Table 4: Partial quality scores for the number of consitent data points used in the model fit of the experimental data to equation 

(3). 

No. of consistent data 
points Score  

5 10 

4 5 

3 2 

2 0 
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13.5.6 Slopes	of	binding	

Data fitted to equation (3), plotted in Figure 6 as well as the percentage binding shall increase 

with increasing membrane surface area (Figure 7). Hence, the slopes of these graphs must all 

be positive.  Most critical of all is the relationship of equation (3), if it has a positive slope it 

receives a vote of 10 points, otherwise zero. If the relationship plotted in Figure 7 has a 

positive slope, a vote of 5 points is granted. If the binding curve has a positive slope, a vote of 

5 points is granted, otherwise zero. If the total count of votes is 20, a partial score of 10 will 

be attributed, if the total vote is 10 a score of 5 is attributed, and if the total vote is 0, a partial 

score of 0 is attributed to the data set.  

13.5.7 Reference	treatment	

For each compound two references are measured in the assay kit. If the references vary by no 

more than 30% and have a higher peak area than the measurements in the TRANSIL wells, the 

average references is computed and a partial score 10 is attributed. If the reference peak areas 

are higher than those of the TRANSIL wells, but differences between the two measurements 

exceed 30%, the maximum of the measurements is chosen. However, if the reference peak 

areas do not exceed the peak areas from the TRANSIL wells the reference measurements are 

discarded and the first TRANSIL measurement is taken as reference. In this case a partial score 

of 6 is attributed.  

13.5.8 TRANSIL	peak	areas	exceed	reference	peak	areas	

The reference peak areas should always exceed the peak areas from the TRANSIL well. If not, 

the stability or solubility of the compound is compromised. Therefore, the fewer TRANSIL 

measurements meet this criterion, the lower the partial score attributed to the data set (Table 

5). 
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Table 5: Partial quality scores for the number of data TRANSIL peak areas being higher than reference peak areas. 

No. of TRANSIL peak areas higher than 
reference peak areas Score  

5 10 

4 7 

3 4 

2 2 

1 1 

0 0 

 

13.6 Intestinal	Permeability	Prediction	

In our model, the intestinal permeability coefficient is calculated from the compounds 

membrane affinity (MA), which is defined as the equilibrium partition coefficient between 

water and immobilized lipid bilayers, and a parameter called the effective molecular weight 

(MWeff). In principle, the diffusion coefficient is determined by the volume of a molecule 

rather than its weight. However, the molecular weight is more readily available than the 

molecular volume and was therefore chosen as input parameter for the model. In-house data 

from Bayer suggested that the correlation between the molecular volume calculated from the 

3D structure and the molecular weight of typical drug-like molecules could be enhanced by 

the introduction of an effective molecular weight that uses different values for the masses of 

halogen atoms (Willmann et al. 2004). In the calculation of the effective molecular weight, 17 

mass units are subtracted for every F atom, 22 for every Cl atom, and 62 for every Br atom. 

The physical interpretation of this correction is that halogen atoms contribute less to the 

volume of a drug-like molecule than their weight suggests. The calculation of the permeability 

coefficient is based on a semi-empirical formula first published by Leahy et al. (1998): 

𝑃!"# = 𝐴 ∙
$%!""

#$#%∙$'

$%!""
#$()∙$%!""

#$ ∙$'
+ 𝐶 ∙

$%!""
#&

*#&($%!""
#&  in [cm s-1] (4) 

The first term on the right-hand side of equation (4) accounts for transcellular and the second 

term for paracellular passive transport across the intestinal epithelium. The term 𝑀𝑊+,,
-. +

𝐵 ∙ 𝑀𝑊+,,
-. ∙ 𝑀𝐴 accounts for the diffusion process in the unstirred water layer. The exponents 

a and b describe the mass-dependence of the diffusion coefficients in water (a) and in the 
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membrane (b), respectively. The term 𝑀𝑊+,,
-/ *𝐷-/ +𝑀𝑊+,,

-/,-  describes a sigmoid function 

with values between 0 and 1 and slope g. The term D can be interpreted as a threshold value 

for the molecular weight that allows for paracellular transport via the tight junctions. The 

value of C corresponds to the permeability coefficient of pure paracellular transport. A set of 

coefficients for equation (4) were determine by Willmann et al. (2004) using a set of 126 

compounds with literature values of fractions absorbed in man.  

To predict the test compounds’ intestinal permeability coefficients, enter their 

molecular weights in fields C36 to C47, and their respective numbers of fluorine, chlorine, 

bromine, and iodine atoms in fields D36 to G47. The predicted effective molecular weight is 

calculated in column H and the predicted intestinal permeability coefficient is reported in 

column I.  

13.7 Volume	of	Distribution	Prediction	

Drug partitioning into tissues is a function of the sum of binding interactions with tissue 

components versus binding to plasma proteins, provided that the drug can readily penetrate 

into tissues. We found that the volume of distribution can be predicted by measurements of 

plasma protein binding and the membrane affinity: 

𝑉𝐷 = 100∙123($')(6∙12378',"9 + 𝑐  in [L kg-1] (5) 

Where MA denotes the membrane affinity, Kb,f denotes the ratio of the fraction bound 

over the fraction unbound of drugs to plasma and where a, b, and c are parameters 

determined from a set of 42 compounds with known volumes of distribution (Table 6).  

To obtain volume of distribution (VD) estimates enter the test compounds’ dissociation 

constants to HSA and AGP into fields K36 to K47 and L36 to L47 respectively. Alternatively, 

enter known fractions unbound in fields M36 to M47. The predicted volume of distribution 

will then be reported in column O.  
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Table 6: List of compounds of parameterization of the volume of distribution prediction model. Linear optimization yields the 

following model parameters: a=0.525, b= -034, c=0.843. 

 membrane 
affinity 

TRANSIL predicted Parameters Literature 
Compound fu(plasma) fb(plasma) log(fb/fu) VD VD 

Acebutolol 68 62.5% 37.5% -0.222 1.6 1.2 

Acyclovir 3 69.3% 30.7% -0.353 0.3 0.69 

Alprenolol 661 53.3% 46.7% -0.057 4.6 3.4 

Amitryptillin 2413 14.0% 86.0% 0.789 4.6 15.0 

Antipyrin 8 73.9% 26.1% -0.451 0.6 0.60 

Atenolol 16 88.7% 11.3% -0.895 1.2 1.0 

Chloramphenicol 200 37.4% 62.6% 0.224 1.9 0.9 

Chlorpheniramine 390 54.3% 45.7% -0.075 3.5 3.2 

Chlorpromazin 40117 3.4% 96.6% 1.451 12.1 21.0 

Cimetidine 20 79.6% 20.4% -0.592 1.1 1.0 

Clonidin 36 71.0% 29.0% -0.388 1.3 2.1 

Clozapin 4344 8.9% 91.1% 1.009 5.3 5.4 

Desipramine 15849 10.2% 89.8% 0.943 11.1 20.0 

Dexamethason 550 35.3% 64.7% 0.264 3.2 0.8 

Digitoxin 141 2.0% 98.0% 1.688 0.5 0.5 

Diltiazem 203 47.2% 52.8% 0.049 2.3 3.1 

Enalapril 3 61.5% 38.5% -0.203 0.3 1.7 

Erythromycin 50 50.0% 50.0% 0.000 1.1 0.78 

Fluconazol 22 80.6% 19.4% -0.619 1.2 0.6 

Flurbiprofen 142 0.0% 100.0% 4.020 0.1 0.2 

Glibenclamid 622 0.5% 99.5% 2.337 0.7 0.50 

Haloperidol 7943 14.5% 85.5% 0.769 8.8 18.00 

Imipramin 3819 14.3% 85.7% 0.779 6.0 18.0 

Indomethazin 359 0.2% 99.8% 2.815 0.3 0.3 

Ketoconazol 3162 2.0% 98.0% 1.685 2.7 2.4 

Ketoprofen 42 0.3% 99.7% 2.538 0.1 0.15 

Metoprolol 124 73.5% 26.5% -0.443 2.6 4.2 

Nifedipin 2691 4.8% 95.2% 1.294 3.3 0.8 

Omeprazol 133 9.3% 90.7% 0.991 0.9 0.34 
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Phenylbutazon  48 0.5% 99.5% 2.298 0.2 0.1 

Piroxicam 25 0.6% 99.4% 2.211 0.1 0.2 

Prednisolon 143 45.3% 54.7% 0.082 1.8 1.5 

Promazin 15849 7.3% 92.7% 1.104 9.7 
 

Propranolol 3285 21.0% 79.0% 0.574 6.5 4.3 

Quinidine 644 36.4% 63.6% 0.243 3.6 2.7 

Rifampin 152 28.4% 71.6% 0.402 1.5 1.0 

Ritonavir  219 1.5% 98.5% 1.804 0.6 1.2 

Saquinavir 1053 1.4% 98.6% 1.860 1.3 
 

Terbutalin 50 67.6% 32.4% -0.319 1.4 1.80 

Theophyllin 4 82.3% 17.7% -0.667 0.5 0.50 

Verapamil 2370 21.7% 78.3% 0.558 5.5 5.0 

Warfarin 40 1.1% 98.9% 1.967 0.2 0.1 

 

14 Storage	and	shelf	life	
The assay kits are shipped in a frozen state and should be stored at -20 °C. TRANSIL materials 

are stable for several months when stored as recommended. Once thawed and at room 

temperature, the kit should be used within 24 h.  

15 Trouble	shooting	
15.1 Poor	recovery	

15.1.1 Challenges	and	problem	identification	

Poor data quality such as low TQI’s, poor regression fits, or strong variation in duplicate 

measurements of references may indicate reduced recovery due to poor solubility or 

stickiness of the test compound. This can result in lower compound concentrations in the 

reference wells than in the TRANSIL wells. The spreadsheet detects if reference 

measurements are lower than the signal in the first TRANSIL well. In this case, the spreadsheet 

replaces the reference value with the measurement from the first TRANSIL well. 

Consequently, the first TRANSIL well is discarded from the data analysis. Treatment of the 

references is reported on each compound page in cell D5. The letter "A" (=average) refers to 

normal treatment as before, "M" (=maximum) is chosen when the difference between 
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references exceeds the value specified in cell I11 of the summary page, and "R" denotes the 

replacement with the signal in the first TRANSIL well.  

For evaluation of recovery issues, include a separate control vial with pure organic 

solvent (e.g. DMSO) and the test compound in the same concentration as the final assay 

concentration. Comparison of the peak areas or counts from this organic solvent control and 

the peak areas from the according calibration signal or the assay references yields a good 

indication of compound losses through incomplete solubility in the aqueous buffer system or 

through unspecific binding. Please note that comparing the absolute peak area should be done 

with caution because of matrix effects. 

15.1.2 Problem-solving	approaches	

i. Sovicell support team can assist you in checking the plausibility of the data if 

solubility/non-specific binding problems are observed. In any case, for optimization of 

the assay parameters it will be helpful to know the solubility of the test compounds 

in pure buffer solutions. 

ii. DMSO content can be increased. The assay tolerates up to 10% DMSO.  

iii. Test compound concentration can be reduced, however, it has to be considered that 

running the assay with lower compound concentrations increases the likelihood of 

measurements outside the linear range of the instruments (c.f. section 15.2).  

Before repeating the whole assay you may check the success of recommendations given in ii. 

to iii. by setting up an individual small control experiment. It is recommended to use the same 

assay buffer to ensure comparability. Please contact Sovicell support to receive tubes with 

assay buffer with an appropriate volume.  

 

15.2 Non-linearity	of	the	response	

15.2.1 Challenges	and	problem	identification	

Frequently, it is observed that mass spectrometers exhibit a non-linear response even in 

concentration ranges up to 100x above the detection limit. Likewise, impurities of 

radiolabelled compounds can lead to similar effects when the impurity exhibits different 

binding properties from the parent compound.  
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 The warning message poor intercept fit or a non-linear shape of the regression 

(visualized by the “MA Estimation plot” in the individual data analysis tabs of the spreadsheet; 

see Figure 8) may indicate non-linear response issues. 

15.2.2 Problem-solving	approaches	

i. Increasing the test compound concentration will increase supernatant concentrations 

and help to eliminate the non-linear instrument response at low concentrations.  

ii. Non-linear response issue is primarily observed with high affinity compounds. A kit 

with lower lipid content will increase supernatant concentrations and help to 

eliminate the non-linear instrument response. To further improve the measurement 

accuracy of compounds with high membrane affinities we offer the TRANSIL Intestinal 

Absorption Kit for high affinity compounds (TMP-0100-2296). 

iii. If test compound concentration is limited by poor compound solubility, a detailed 

calibration curve covering the non-linear response can be recorded and used to 

calculate test compound concentrations. The concentrations calculated form the non-

linear calibration curve can then be entered in the spreadsheet’s raw data tab instead 

of peak areas. Feel free to contact our technical support for guidance, in particular, 

because we advise to use the same buffer system for the calibration curve as for the 

assay. 
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Figure 8: Illustration of the non-linear response issue which can be recognized by a poor intercept fit (green 
circles) which usually comes along with a curved plot of nt/cb versus lipid volume plot for the MA 
estimation. Both the poor intercept fit and the deviation from linearity in this plot are a good 
indication of the non-linear instrument response to decreasing compound concentrations.  

 

15.3 Low	Membrane	affinity	

If compound binding to TRANSIL is not increasing with increasing TRANSIL concentration, then 

the compounds exhibit very low affinity to the TRANSIL lipid membrane. This means their 

membrane affinity is very low. The spreadsheet will automatically use an appropriate 

alternative approach for the calculation of the membrane affinity if such problems occur. 

15.3.1 Challenges	and	problem	identification	

Compounds with very low membrane affinity (logMA < 2) are not accurately measured. Low 

affinity compounds yield supernatant concentrations in the assay that deviate only marginally 

from the reference signals (Figure 9).  
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Figure 9: Illustration of a bar plot of a compound exhibiting low membrane affinity (c.f. individual data 
analysis tabs of the spreadsheet). The blue bars show the detected signals in the supernatants of 
TRANSIL wells I to VI. As the compound distributes only weekly into the membranes, supernatant 
concentrations differ only marginally from the reference signals (red line).  

 

15.3.2 Problem-solving	approaches	

In case the membrane affinity turns out to be below 300 (logMA < 2.5) we recommend using 

the TRANSIL Intestinal Absorption Kit - low affinity compounds (Product No. TMP-0100-2196). 

This kit contains an adjusted TRANSIL content (higher than the standard kit) and hence, 

provides more accurate results.  

 

 

 

Technical Support 

Phone: +49 341 52044-0  

Email: contact@sovicell.com 
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