
Discussion:
Liquid/liquid extraction using automatic liquid handlers for LC-MS/MS 
methods have been reported for many years. However, for a sample 
volume> 100 µL, more than 1 mL of organic extraction solution is needed. 
The volume is far exceeding the total volume of a single well of a 96-well 
plate. An alternative method of using tubes for extraction using large 
volumes requires many steps such as tube labeling, capping/decapping, 
tube arrangement to be performed manually. Here we describe a 48-well 
plate format for an LLE method performed using automated liquid handler 
eliminating manual steps during extraction process. The efficiency to 
process samples is significantly improved due to this modification. An 
average skilled scientist can analyze two full batches (192 sample per 
batch) in an eight-hour shift. With manual steps removed, the assay 
performance was significantly improved. 
When using Tomtec Quadra to transfer liquid, two channels delivery 
samples to a well so the total transfer volume is programmed in half. 
Similarly, two channels of the evaporator are applied to a well during the 
dry-down step.
 

Results:
● The method demonstrated exceptional ruggedness. It was successfully 

applied to a clinical trial with over 5200 samples. 
● Due to simplified process without significant manual operation, fast 

turnaround time of 3 days data delivery over 1000 samples each time 
was achieved.
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Method:
The analytical method applies a standard liquid/liquid extraction using 
Hexanes/Isopropanol (9:1) as the organic extraction solvent. The assay 
range is 0.1 to 200 ng/mL of
Compound A in human K2-EDTA plasma. The QC samples
were prepared at Compound A concentrations of 0.3, 10, 100, and 160 
ng/mL. The steps for LLE method are outlined below.

Extraction:
1. Add Samples (0.2 mL) into 48-well polypropylene plates (Stellar Scientific 48-well U 

bottom Extraction Plate) using a Hamilton Star liquid handler.
2. Add deuterium labeled internal standard working solution (20 µL).
3. After a brief mixing, add 2.5 mL of Extraction Solution to the wells using Tomtec Quadra 4 

liquid handler.
4. Heat seal the plates, vortex, and centrifuge for phase separation.
5. Transfer top organic layer into Corning® Axygen® 48-Well Pyramid bottom plates and 

evaporate the organic sample to dryness under a gentle stream of nitrogen at ~40°C.
6. Reconstitute with 0.15 mL of acetonitrile/water/formic acid solution (60:40:0.025) and and 

vortex at 1500 rpm on MixMate for approximately two minutes.
7. Transfer reconstituted samples into glass insert vials in a 96-position carrier plate and seal 

with a capmat.
8. Analyze the samples by a Sciex API 5000 LC-MS-MS system equipped with an HPLC 

column. 

LC-MS/MS analysis:
Column: Kinetex 2.6 µm XB-C18, 2.1 x 50 mm, Phenomenex, 00B-4496-AN
Mobile Phase A: 1 mM ammonium trifluoroacetate in water
Mobile Phase B: Acetonitrile/Isopropanol; 9:1
Flow Rate: 0.4 mL/min
Injection Volume: 10 µL  

Typical Chromatograms:

Novel Aspects:
Modification of a tube-based liquid/liquid extraction (LLE) method to a 
48-well plate - automated liquid handler method for analyzing 
compound A in human K2-EDTA plasma for improving efficiency and 
data quality. This modification allows to overcome volume limitation of 
using a 96-well plates in LLE methods.

Introduction:
Liquid-liquid extraction (LLE)         is a highly effective technique for 
extracting compounds in bioanalysis. The LLE  method involves 
transferring an analyte of interest between an immiscible organic 
solvent and an aqueous phase. To selectively extract desired analytes 
with sufficient recovery, a large volume of immiscible organic solvents 
like hexane, MTBE, or Ethyl Acetate are commonly used in LLE 
methods. Oftentimes, the total extraction volume of an LLE method 
exceeds the capacity of a single well in a 96-well plate         (typically 
1.5mL usable volume in a 2-mL plate). Conventionally, 12x75 mm glass 
culture tubes         are used to accommodate larger volume of solvents 
during extraction that require manual processes for organic phase 
transfer, dry-down, and reconstitution. Unfortunately, such manual 
methods during LLE involves handling many tubes significantly 
increasing overall time for the extractions and the risk of exposure to 
hazardous material. Furthermore, this laborious process can cause 
repetitive strain injuries to technologists performing these methods on 
regular basis.
Automated LLE methods for measuring drug levels in biologic fluids 
using 96-well plate have been reported since the introduction of liquid 
handlers in bioanalysis workflow. However, when analytical methods 
require a larger extraction volume, manual LLE methods using tubes 
are often employed to overcome volume limitations posed by 96-well 
format . In this research, we employed a modified LLE method by using 
48-well plates        , Hamilton Star         and Tomtec Quadra        liquid 
handlers. A single well in a 48-well plate has a useful volume of more 
than 4 mL that is sufficient for most LLE methods. In this modified 
method, Hamilton system was used for aliquoting and preparation of 
internal standards and a Tomtec system was used for transferring 
extraction reagents and the organic phase. Hamilton Star was also 
employed for sample transfer after reconstitution. This modified LLE 
method notably improved the efficiency and performance of the assay.
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ISR Results:
Overall 311 samples were retested for ISR. 13 samples (4.18%) were flagged 
with % difference >20%.  
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