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In drug discovery, knowing the distribution of parent drug
and metabolites in tissue sections is a crucial step. Presently, the 
particular molecular forms and quantities of the drug-related materi-
als present must be determined from punched samples of areas of 
interest. Thin tissue sections or wholeorgan tissue homogenates are 
analyzed with conventional sample extraction, cleanup and high-
performance liquid chromatography-mass spectrometry (HPLC-MS). 
While this conventional procedure can be fully automated, an auto-
mated direct surface sampling and analysis method capable of sample 
post-processing would save time and other resources by shortening 
the sampling and extraction steps of a quick first pass look for drug 
and metabolite distributions. A PAL System autosampler coupled to 
HPLC/MS is capable of liquid-extraction based surface sampling as 
developed at the Oak Ridge National Laboratory. The system allows 
the analyst to deal with complex sample matrices and to identify 
isomeric compounds not distinguishable by direct surface sampling 
methods alone. 

dropletProbeTM 
automated surface sampling coupled to HPLC/MS#37

Operation 
First, the surface sample to be analyzed is mounted in a custom 
sample tray.  Then an optical image of the mounted sample is acquired 
using a flatbed scanner controlled with the DropletProbe Premium© 
software developed at the Oak Ridge National Laboratory [1-5]. Fol-
lowing the selection of the sampling locations in the software, the 
PAL autosampler aspirates extraction solvent from a vial in a custom 
sample tray.  This is followed by locking the needle guide with the 
needle protruding over the end of the guide using a needle lock hole 
[1-5].  Optionally, the laser sensor attached to the injection unit 
z-axis is positioned above the location to be analyzed where the laser 

Figure 1. Schematic of the surface sampling process including (a) 
determining syringe-to-surface distance, (b) the positioning of the  
syringe needle 100-300 µm above a defined surface spot, (c)  
dispensing a discrete volume of extraction solvent onto a surface 
creating a liquid junction between the needle and the surface,  
(d) dissolution of the analyte in the extraction solvent, e) the liquid 
is drawn back into the syringe needle after a predefined extraction 
time, and (f) loaded into the sample loop followed by (g) injection for 
a consecutive HPLC-MS/MS analysis.  Steps (c)-(e) may be repeated 
to improve extraction efficiency.

sensor-to-surface distance is measured (Figure 1a). Using this mea-
sured distance (D), an appropriate z-axis value for the autosampler 
can be automatically determined for an optimal sampling needle-to-
surface distance (typically 100-300 µm) even for samples and sample 
locations of dramatically disparate height.  This step can be avoided 
if analyzing a flat surface perpendicular to the z-axis.  As illustrated 
in Figure 1b, this step is followed by moving the probe to an optimal 
sampling distance from the surface and a specific volume of extraction 
solvent (typically 0.5-5 µL) is dispensed onto the selected surface spot 
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sue section.
Features:

◆  software enables:
	 •  acquisition of optical image of surface for point-and-click  

   selection of locations to be sampled
	 •  data analysis
	 •  heatmap generation
	 •  report keeping

◆  no hardware modification on the PAL System required for 
basic operation

◆  use of a cooled stack or an open tray

◆  <1 min sampling time

◆  method can be integrated into existing LC/MS workflow

◆  manual XYZ-axis control for complex samples  
(e.g. fungi)

◆  optional laser displacement sensor for unattended analysis 
of samples and sample locations of  
dramatically disparate height

Applications:

◆  drugs and metabolites [1-4, 8-9], antibody–drug conjugate 
catabolites [6] and macromolecules (proteins [7] and oligo-
nucleotides**) from thin tissue sections

◆  drugs from tissue biopsy [4]

◆  metabolites from fungal cultures [10-12]

◆  small molecules from plant tissues (capsaicin from peppers, 
caffeine from coffee beans)**

◆  drugs from over the counter tablets**

◆  small molecule contamination on drywall**

of interest creating a liquid microjunction between the needle and 
the surface (Figure 1c). After a given extraction time (typically 1-5 s) 
(Figure 1d), the extract is aspirated back into the syringe (Figure 1e).  
The dispense/aspirate extraction cycle can be repeated several times 
to achieve maximum analyte extraction.  At the end of the extrac-
tion process, the entire sample is injected onto an HPLC column for 
subsequent HPLC/MS analysis (Figure 1f-g). Figures 2a and b show 
sampling of a tissue biopsy and brain tissue of a whole body thin tis-

Figure 2. Extraction liquid dispensed by the needle in locked position 
on (a) a tissue biopsy sample and on (b) a brain thin tissue section. 
Zoomed in view in inset in (b) shows of liquid microjunction between 
the tip of the needle and the sample.
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Figure 4. Chromatogram and structure of cochliodone A extracted 
from fungi Chaetomium cupreum grown in a petri dish with sampled 
position indicated.***

Figure 3. (a) Zoomed in (shown in inset by black rectangle) optical image of drug dosed rat thin tissue section with sampled 
locations indicated. Chromatograms of (b) parent drug (P) and (c) isomeric metabolites (M1 and M2) with retention time ranges 
used for background calculation (empty box) and for analyte signal integration indicated. (d) Integrated peak areas (in counts) for 
P, M1 and M2. See [2] for details.
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 **Unpublished data.
***Courtesy of Vincent P. Sica and Nicholas H. Oberlies, Department of Chemistry and    
      Biochemistry, University of North Carolina at Greensboro, Greensboro, NC, USA.
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This product is available under license agreement granted by Oak Ridge 
National Laboratory and SCIEX LLC.

Availability and pricing for the SepQuant® dropletProbe is available from 
HTX Technologies, LLC. To request further information contact:

Alain Creissen 
Imaging Product Manager, HTX Technologies 

acreissen@htximaging.com

HTX Technologies offers innovative sample preparation systems for advanced 
analytical platforms. Our integrated workflow solutions include user training, 
instruments, software, consumables and method development services.

PO Box 16007 Chapel Hill, NC 27516, USA
Tel +1-919-928-5688  �  Fax +1-919-928-5153
info@htximaging.com �  www.htximaging.com

SepQuant® dropletProbe™  
Liquid Extraction for Surface Sampling & Analysis

The new SepQuant dropletProbe™ provides 
high analytes extraction and in-line separation 
by HPLC prior to Mass Spectrometry analysis.

The SepQuant dropletProbe™ provides a highly stable liquid 
micro-junction sampling technology thanks to its patented 
laser sensor-to-surface controls.  The dropletProbe applica-
tion software integrates with the CTC PAL Systems offering 
users a reliable automation platform and integration with 
multiple HPLC and Mass Spectrometers.

The patented laser sensor-to-surface technology allows the 
precise and automatic positioning of the liquid interface.  
Sample height variability is no longer a limitation and the 
automated calibration ensures trouble free operation.

The dedicated Lightbox™ calibration station is fully controlled 
by the on-board software and offers precise positioning 
within 100 microns of the sample surface. 

A custom 2-position tray allows for up to 2 MTP plates or 6 
standard 1” x 3” glass slides allowing high sample capacity.  
Sample vials are integrated into the hardware to allow on 
the spot micro-reactions, internal standards deposition and 
more.

The system is available in a 120cm wide version (HTS PAL) 
and 90cm (HTC PAL) to fit any size bench.

HPLC and UPLC valves are offered to allow connection to the 
latest chromatography systems and the highest separation 
performance.

Key Characteristics
◆  Liquid junction droplets from 0.5 to 5 µL
◆  Adjustable needle to surface distance  

(typically 100-300µm)
◆  Spatial resolution as low as 1 mm
◆  Oversampling available

Sequant dropletProbe Specificatons  
(based on HTS PAL Model)

◆ Dimensions: 120cm x  40cm  x 60 cm

◆ Weight: 50 lbs (22 Kg)

◆ Electrical: 110-240V (24 Volt External Power Supply)


