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SPECTROSCOPIC SAMPLE INSPECTION FOR AUTOMATED
CHROMATOGRAPHY

RELATED APPLICATION

This application claims the benefit of the earlier filing date of U.S. Provisional Patent

Application Serial No. 61/447,190, filed February 28, 201 1 and titled "Spectroscopic

Sample Inspection for Automated Chromatography," the entirety of which is incorporated

herein by reference.

FIELD OF THE INVENTION

The invention relates generally to methods and systems for pre-screening dried

sample spots prior to measurement by analytical equipment. More particularly, the

invention relates to spectroscopic sample inspection of a dried sample spot to generate an

estimate of a target analyte concentration and to determine a preferred region of the dried

sample for extraction.

BACKGROUND

Dried blood spot (DBS) sampling offers advantages over venous blood sampling.

For example, the small volume of blood in DBS samples accommodates collection in

preclinical drug analysis studies using small animals such as mice and rats without

sacrificing the subject animals. In addition, the small volume makes clinical collection more

tolerable, especially for children and infants. A typical DBS carrier is in the form of a

collection card manufactured from absorbent filter paper and adapted to hold a plurality of

DBS samples. After blood is applied to the DBS card, the blood is allowed to dry for

several hours. The resulting DBS is substantially inert. Advantageously, the small sample

volume acquired for the DBS and the reduced sensitivity of the DBS to temperature make

transporting DBS samples convenient and inexpensive. In addition, DBS samples can be

stored for months without refrigeration and handled at room temperature in ambient

atmospheric conditions over a moderate range of humidity.



The effort required at the analysis site to extract the DBS components from the DBS

card and the variability in the measurement results are significant disadvantages when

compared with conventional measurements performed using venous blood samples. The

present invention successfully addresses these problems and provides additional advantages.

SUMMARY

In one aspect, the invention features a method of generating an extraction sample

from a dried sample spot. The method includes acquiring a spectroscopic image of an

analyte in a dried sample spot. The spectroscopic image includes information on a spatial

distribution of the analyte in the dried sample spot. A region of the dried sample spot for

extraction is determined from the spectroscopic image and an extraction sample is generated

from the determined region. In some embodiments, the method is applied to a solid sample

instead of a dried sample spot.

In another aspect, the invention features a system for generating an extraction sample

from a dried sample spot. The system includes a spectroscopic measurement module, a

processor, a first conduit, a second conduit and a positioning mechanism. The spectroscopic

measurement module is configured to obtain a spectroscopic image of a dried sample spot

on a sample carrier. The spectroscopic image includes information on a spatial distribution

of an analyte in the dried sample spot. The processor is in communication with the

spectroscopic measurement module to receive the spectroscopic image. The processor is

configured to determine a region of the dried sample spot for extraction and to generate a

position control signal responsive to the location of the determined region on the sample

carrier. The first conduit has an outlet port to provide an extraction solvent and the second

conduit has an inlet port to receive the extraction solvent. The positioning mechanism is in

communication with the processor and is configured to position the outlet and inlet ports

proximate to the determined region at the sample carrier in response to the position control

signal. A solvent flows from the outlet port to the determined region of the dried sample

spot and through the inlet port into the second conduit. The solvent in the second conduit

comprises an extraction sample from the dried sample spot.

In another aspect, the invention features a method of generating an extraction sample

from a dried sample spot. The method includes acquiring a spectroscopic measurement of



an analyte in a dried sample spot. A quantity of the analyte in the dried sample spot is

determined from the spectroscopic measurement and a volume of an extraction solvent to be

used to create an extraction sample from the dried sample spot is determined based on the

determined quantity of the analyte and a detection characteristic of an analytical

measurement system. In some embodiments, the method is applied to a solid sample instead

of a dried sample spot.

In still another aspect, the invention features a system for generating an extraction

sample from a dried sample spot. The system includes a spectroscopic measurement

module, a processor and a solvent management module. The spectroscopic measurement

module is configured to generate spectroscopic data indicative of a quantity of an analyte in

a dried sample spot. The processor is in communication with the spectroscopic

measurement module and is configured to receive the spectroscopic data. The processor

determines a volume of an extraction solvent for creating an extraction sample from the

dried sample spot. The solvent management module is in communication with the processor

and is configured to provide the determined volume of the extraction solvent at the dried

sample spot.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and further advantages of this invention may be better understood by

referring to the following description in conjunction with the accompanying drawings, in

which like numerals indicate like structural elements and features in the various figures. For

clarity, not every element may be labeled in every figure. The drawings are not necessarily

to scale, emphasis instead being placed upon illustrating the principles of the invention.

FIG. 1A and FIG. IB are front and cross-sectional side views, respectively, of a DBS

card.

FIG. 2 is a simplified illustration of an example of a DBS.

FIG. 3 is a block diagram of an embodiment of a system for determining a region for

extracting a sample from a dried sample spot according to the invention.

FIG. 4 is a flowchart representation of an embodiment of a method for generating an

extraction sample from a dried sample spot according to the invention.



FIG. 5 is a block diagram of components for an embodiment of a system for

automated online sample extraction from a dried sample spot according to the invention.

FIG. 6 is a graphical representation of a calibration of a detector signal as a function

of analyte content in a sample.

FIG. 7 is a graphical representation of the calibration function of FIG. 6 and a second

calibration function that has a lower sensitivity and a greater calibration range.

FIG. 8 is a flowchart representation of an embodiment of a method for generating an

extraction sample from a dried sample spot according to the invention.

FIG. 9 is a graphical representation of three calibration functions for an analytical

measurement system to accommodate low, moderate and high analyte quantities in a sample.

DETAILED DESCRIPTION

Reference in the specification to "one embodiment" or "an embodiment" means that

a particular, feature, structure or characteristic described in connection with the embodiment

is included in at least one embodiment of the teaching. References to a particular

embodiment within the specification do not necessarily all refer to the same embodiment.

The present teaching will now be described in more detail with reference to

exemplary embodiments thereof as shown in the accompanying drawings. While the present

teaching is described in conjunction with various embodiments and examples, it is not

intended that the present teaching be limited to such embodiments. On the contrary, the

present teaching encompasses various alternatives, modifications and equivalents, as will be

appreciated by those of skill in the art. Those of ordinary skill having access to the teaching

herein will recognize additional implementations, modifications and embodiments, as well

as other fields of use, which are within the scope of the present disclosure as described

herein.

One disadvantage to DBS analysis is the effort required at the analysis site to extract

the DBS components from the DBS card. Moreover, the variability in measurement results

can be significant when compared to variations in results from measurements performed

using venous blood samples. For typical DBS measurements, a DBS card is punched so that

a single DBS to be analyzed is separated from the card as a small disk. Care is taken by the



analyst during the punch process to ensure that the DBS card is accurately punched at the

location of the DBS. The separated disk is placed into a solvent to extract the DBS

components, including at least one analyte of interest. The particular solvent used for

extraction is generally selected according to the analyte to be detected and quantified. The

disk and solvent may be shaken or subjected to ultrasonic energy to improve the efficiency

of the extraction process. After a sufficient time, the supernatant of the extraction is

collected and used for testing. One potential disadvantage of the technique is that analyte

concentration information available from the original blood sample can be lost in the

extraction process. To address this problem, care can be taken when acquiring a sample

from a subject so that a known volume of blood is used to generate the DBS. Knowledge of

the volume of solvent used to extract the blood components from the DBS, the volume of the

original blood sample used to create the DBS and the size of a disk separated from the DBS

can be used to determine the analyte concentration in the original blood sample.

The manual process of punching DBS cards and the subsequent extraction of the

DBS components from the disks requires significant time and is often labor intensive. An

alternative process of online extraction can be used in which two extraction conduits are

employed to extract the DBS components from the DBS card. In some online extraction

processes, the first conduit is positioned at one side of the card at the position of a DBS and

the second conduit is positioned at the opposite side of the card at the position of the same

DBS. In other online extraction processes, the first and second conduits are positioned on

the same side of the card. The first conduit supplies the extraction solvent to the DBS. The

second conduit receives the extraction solvent with the DBS components (i.e., the extraction

sample). The second conduit supplies the extraction sample to analytical equipment so that

the quantity of one or more analytes in the extraction sample can be determined.

The automated process of online extraction has disadvantages. The diameters of the

extraction conduits are generally smaller than the diameter of the DBS thus difficulties can

arise. For example, the analyte may not be homogeneously distributed in the DBS. More

particularly, the spatial distribution of the analyte can vary significantly with location within

the DBS and the concentration of the analyte near the edge of the DBS is often substantially

less than the concentration in the central region. Thus the automated process can lose



concentration information if the extraction conduits are not properly positioned relative to

the DBS.

A digital imaging system can be used to acquire an image of the DBS. The image is

processed to determine the center of the DBS and to avoid selection of a region of the card

near the DBS that does not include sufficient sample. One problem with the visual image

analysis technique is that the distribution of the analyte of interest in the DBS may not

correspond accurately in position relative to the image of the DBS acquired by the camera.

This problem is generally more pronounced when the analyte is a small molecule or if the

analyte is significantly hydrophobic or hydrophilic, thus the distribution pattern of the

analyte is different from that of blood matrix.

In other applications, dried samples of materials other than blood may be tested. For

example, analytes in saliva, urine and other samples may be tested. Such dried sample spots

are often not easily observable by camera as the sample may be more visually transparent

than a DBS. Consequently, finding the optimal extraction spot is substantially more

difficult.

The following description relates primarily to inspection and analysis of DBS

samples in accordance with principles of the invention; however, it will be recognized that

the methods and systems described herein can readily be adapted for dried sample spots of

other types, such as saliva spots, serum spots and urine spots.

FIG. 1A is an illustration of a sample carrier 10 in the form of a DBS card that

includes a number of DBSs 14. Each DBS 14 may include one or more analytes of interest

to be detected by an analytical measurement system. Each DBS 14 extends partially into the

card or through the thickness t of the card as shown in FIG. IB. Although not shown, a

holder or frame may be secured to at least a portion of the carrier 10 to enable convenient

handling without contamination of the absorbent portions of the card that include the DBSs

14.

FIG. 2 is a simplified illustration of an example of a DBS 14' that has a nominal

circular shape. The concentration of an analyte of interest is typically not homogeneously

distributed but instead varies with position in the DBS 14'. Often the analyte has a higher

concentration near the center of the DBS 14'. In some instances, the presence of the analyte



is irregular such that there are small regions with little or no concentration of the analyte.

The illustration shows an outline 18 of the DBS 14' that surrounds areas of light, moderate

and heavy sample concentration 22A, 22B and 22C, respectively. Also visible are regions

26 of little or no sample concentration.

Although a digital image of the DBS 14' can be acquired and subsequently analyzed

to determine the spatial characteristics of the spot, the distribution of the analyte of interest

within the DBS 14' may not correspond accurately to the visible features or color content in

the acquired image. For example, the red intensity at various locations within the image of

the DBS 14' may not accurately correlate to the presence of the analyte of interest at those

locations.

FIG. 3 is a block diagram of an embodiment of a system 30 for determining a region

for extracting a sample from a dried sample spot such as a DBS 14. The system 30 includes

a user interface (UI) module 34, a processor 38 and a spectroscopic measurement module

(spectrometer) 42. The UI module 34 is in communication with the processor 38. As

illustrated, the processor 38 is separate from and in bidirectional communication with the

spectrometer 42. Input data from the UI module 34 are received by the processor 38 and

used to generate or modify control signals for operation of the spectrometer 42.

Measurement data from the spectrometer 42 are received by the processor 38 and may be

presented to the user through the UI module 34 in graphical and textual formats. In one

embodiment, the processor 38 includes components optimized for image processing. In

other embodiments the processor 38 is integrated as a system component of the spectrometer

42. In some embodiments, at least one of the UI module 34 and the processor 38 is in

communication with or integrated as a subsystem component of an analytical measurement

system such as a high-performance liquid chromatography (HPLC) system, an ultra-

performance liquid chromatography (UPLC) system or a mass spectrometer. In some

embodiments, a first analytical measurement system, such as an HPLC or UPLC system, is

coupled at its output to a mass spectrometer.

The system 30 is operated as a high-speed optical scanner to acquire spectroscopic

data for the DBS 14. The spectroscopic data varies according to the illumination source and

detector employed in the spectrometer 42. For example, the spectroscopic measurement can



be a simple ultraviolet (UV) or visible spectrum measurement. Alternatively, the

spectroscopic measurement can be based on Raman spectroscopy.

Many advantages are realized using spectroscopy measurement data. For example,

each chemical compound, or analyte, has a unique spectrum, or "fingerprint", that can be

used for identification. The magnitude of the spectrum data can be processed to obtain

concentration information. Thus the system 30 enables a spectroscopic image of the DBS 14

to be acquired. The image includes information on the spatial distribution of one or more

analytes of interest within the DBS 14. The spectroscopic image is effectively a two-

dimensional chemical map that can be used to determine a preferred extraction region on the

DBS carrier 10.

In other applications, transparent sample spots can be provided for analysis. By way

of examples, transparent sample spots include spots formed by plasma, urine, saliva and

cerebrospinal fluid samples. Spectroscopic images of such spots enable a better

determination of the spatially-variant concentration of the samples and analytes within the

dried sample spots.

In certain preferred embodiments, the spectrometer 42 is a Raman mapping module

having a compact laser for a scanned illumination of the DBS 14. Such modules are

commercially-available in small package formats, including benchtop and handheld

packages. Embodiments utilizing Raman spectrometers are particularly sensitive to the

presence of small molecules because Raman signals from small molecules are typically

stronger than Raman signals from large molecules. Consequently, the background signal

from the blood matrix, containing cells, proteins and lipids, is relatively unobtrusive.

Moreover, sub-micron spatial resolution is achievable with some Raman spectrometers.

Quantitative information provided by the Raman spectrometer can be used to estimate

analyte concentration and to determine improved extraction parameters, including extraction

solvent volume, to be used for sample generation for liquid chromatography.

FIG. 4 is a flowchart representation of an embodiment of a method 100 for

generating an extraction sample from a dried sample spot such as a DBS. Referring to FIG.

3 and FIG. 4, a spatially-variant spectroscopic image of an analyte in the dried sample spot

14 is acquired (step 110). The spectroscopic image from the spectrometer 42 is analyzed by

the processor 38 to determine (step 120) a region within or about the spot 14 to use for



extraction. As used herein, extraction means the process of acquiring some or all of the

constituents of the DBS in a volume of extraction solvent to create an extraction sample.

The determination of the region to be extracted is based on the spatial distribution of the

analyte of interest as present in the spectroscopic image. The determination can be based on

maximizing the analyte within a certain aperture, for example, as a disk of a predetermined

diameter to be punched from the DBS card 10. The circular dashed line 46 in FIG. 2 is an

example of how the punch location may be offset from the visual center of a DBS 14'.

Alternatively, the extraction region can be selected according to minimizing a variation of

the analyte content across a predetermined aperture, for example, to avoid areas of

substantial inhomogeneity. If the system 30 is to be used in an online extraction process, the

aperture used for determining the extraction region can be based on the diameters of

conduits used to flow an extraction solvent through the DBS 14 and card 10 in an automated

manner as described below.

An extraction sample is generated (step 130) from the determined region of the dried

sample spot. As described above, the extraction sample can be generated by a manual or

automated punch process in which a portion of the carrier 10 is separated from the remainder

of the carrier and placed in a solvent. Alternatively, the extraction sample can be generated

according to the online process described above.

The extraction sample is subsequently provided (step 140) to analytical measurement

equipment such as a HPLC system or an UPLC system to accurately determine the quantity

of one or more analytes of interest in the dried sample spot.

FIG. 5 is a block diagram of a portion of a system 50 for automated online sample

extraction from a dried sample spot. The illustrated system components can be used in

combination with the components of FIG. 3 to generate one or more extraction samples from

a dried sample spot carrier.

The system 50 includes a supply conduit 54, such as tubing, to supply an extraction

solvent held in a solvent reservoir 58. A solvent manager module 60 disposed between the

solvent reservoir 58 and the supply conduit 54 controls the flow of the extraction solvent that

exits the outlet port 62 of the supply conduit 54. A DBS card 10 or other dried sample spot

carrier is secured in position by a card mount or support (not shown). An extraction conduit

66 is positioned on the opposite side of the DBS card 10 from the supply conduit 54. In



alternative embodiments, the extraction conduit 66 is positioned close to the supply conduit

54 on the same side of the DBS card 10 or the supply conduit 54 also retrieves the extraction

solvent from the DBS card so that an extraction conduit is not used. In the illustrated

embodiment, the extraction conduit 66 has an inlet port 70 to receive the extraction solvent

after passing through the DBS card 10. During operation, the inlet port 70 is aligned with

the outlet port 62 so that the ends of the conduits 54 and 66 near the DBS card 10 are in

fluidic communication with each other through the DBS 14. Although not a requirement,

the diameters of the ports 62 and 70 can be smaller than the nominal diameter of the DBS

14.

The system 50 also includes a positioning mechanism 74 and position drive module

78 to position the outlet and inlet ports 62 and 70 relative to the DBS 14. In various

embodiments, the positioning mechanism 74 includes one or more linear translators and/or

rotary drives. The position drive module 78 responds to at least one position control signal

from the processor 38 (see FIG. 3) and controls the positioning mechanism 74 so that the

inlet and outlet ports 62 and 70 are properly positioned with respect to a particular DBS 14

on the DBS card 10. By way of an example, the ports 62 and 70 can be aligned to extract

from a predetermined region as shown by the circular dashed line 46 of FIG. 2 .

Generally, to achieve the proper concentration for a reconstituted sample, the volume

of the original sample used to generate the dried sample spot is known and the extraction

solvent applied to the dried sample spot is accurately controlled. FIG. 6 shows a graphical

representation of a detection characteristic defined as a calibration of a detector signal as a

function of analyte content in a sample. Typically, the detector signal is generated by a

detector used in or in combination with an analytical measurement system such as a HPLC

system or UPLC system. The points along the diagonal dashed line represent the detector

response determined in a calibration procedure. Although the detector signal as a function

of analyte content is shown as linear, it should be appreciated that for other calibrations the

detector signal may exhibit nonlinearity within the calibration range.

The analyte content for a sample measurement can be determined from the detector

signal in the calibration range. Ideally, the slope of the detector response should be as large

as possible to achieve the greatest measurement sensitivity; however, due to the limited



dynamic range of the detector, the analyte content in the measured sample is restricted to a

decreasing range of values as the detector sensitivity increases.

If the measurement of the sample results in data that are outside of the calibration

range, for example, the measurement point "A" that lies outside the calibration range shown

in FIG. 6, sample extraction can be repeated with an increased volume of solvent to reduce

the concentration of the analyte and the amplitude of the detector signal. In some instances

there may not be an additional dried sample spot available for a subsequent measurement.

In particular, if an automated online system is used, the proper concentration range may be

required for the original measurement.

FIG. 7 shows a first detector response 8 A and a second detector response 82B as a

function of the amount of analyte in a sample. The first detector response 82A has a greater

sensitivity and smaller calibration range compared to the second detector response 82B. In

this example, points "A" and "B" represent the same analyte concentration in a dried sample

spot; however, point "B" represents a measurement performed with a greater volume of

extraction solvent such that the measurement lies within the calibration range of the second

detector response 82B.

FIG. 8 is a flowchart representation of an embodiment of a method 200 for

generating an extraction sample from a dried sample spot. According to the method 200, a

spectroscopic measurement of a dried sample spot such as a DBS is acquired (step 210).

The spectroscopic measurement enables the quantity of an analyte of interest in the dried

sample to be estimated (step 220). A volume of extraction solvent for creating an extraction

sample from the dried sample spot is determined (step 230) based on the estimated quantity

of the analyte and known detector calibration ranges for an analytical measurement system.

The detection portion of an analytical measurement system (e.g., a HPLC or UPLC

system) receiving the extraction sample can have multiple calibration ranges. By way of

example, FIG. 9 graphically depicts three detector calibration responses 86A, 86B and 86C

for an analytical measurement system that span low, moderate and high analyte quantities,

respectively, in the sample. If the spectroscopic measurement yields a low estimated

concentration of the analyte in the dried sample spot, the volume of solvent is determined

such that the analytical measurement will be performed with the highest sensitivity using

calibration range 1. Conversely, if the spectroscopic measurement indicates a high



estimated concentration of the analyte, the volume of solvent used to create the extraction

sample from the dried sample spot will be higher such that the analytical measurement will

be performed with the lowest sensitivity in calibration range 3 .

Referring again to FIG. 8, the determined volume of solvent is delivered (step 240)

to the dried sample spot to generate the extraction sample. The extraction sample is

subsequently provided (step 250) to the analytical measurement system for an accurate

measurement of the analyte content.

While the invention has been shown and described with reference to specific

embodiments, it should be understood by those skilled in the art that various changes in form

and detail may be made therein without departing from the spirit and scope of the invention

as recited in the accompanying claims. By way of examples, in embodiments of methods

and systems described above, a solvent is used to extract components from a DBS or other

form of sample. Generally, the extraction solvent is in the form of a liquid; however, in

some embodiments, the extraction solvent may be a gas or a supercritical fluid. In other

variations on the embodiments, the sample is provided in a solid form (e.g., a dried tissue

sample) instead of a dried sample spot on a carrier. The solid sample does not need to be

provided on a carrier and can, in some embodiments, be in a frozen state or be substantially

dried. Various aspects of the methods are unchanged, such as acquiring a spectroscopic

image of an analyte in the solid sample, determining an extraction region for extraction and

generating an extraction sample from the determined region.

What is claimed is:



CLAIMS

1. A method of generating an extraction sample from a dried sample spot, the method

comprising:

acquiring a spectroscopic image of an analyte in a dried sample spot, the

spectroscopic image comprising information on a spatial distribution of the

analyte in the dried sample spot;

determining a region of the dried sample spot for extraction based upon the

spectroscopic image; and

generating an extraction sample from the determined region of the dried sample spot.

2 . The method of claim 1 wherein the spectroscopic image is a Raman spectroscopy

image.

3 . The method of claim 1 wherein the dried sample spot is disposed on a sample carrier

4 . The method of claim 3 wherein the sample carrier is a dried blood spot collection

card.

5 . The method of claim 1 wherein the determination of a region of the dried sample spot

for extraction is based on a predetermined aperture.

6 . The method of claim 5 wherein the predetermined aperture is based on a diameter of

at least one of an outlet port of a supply conduit and an inlet port of an extraction conduit

used to supply an extraction solvent to the dried sample spot and to conduct the extraction

solvent from the dried sample spot, respectively.

7 . The method of claim 5 wherein determining a region of the dried sample spot for

extraction comprises selecting the region to maximize an amount of the analyte in the

predetermined aperture.



8. The method of claim 5 wherein determining a region of the dried sample spot for

extraction comprises selection the region to minimize a spatial variation in a concentration of

the analyte in the predetermined aperture.

9 . The method of claim 3 wherein generating the extraction sample comprises supplying

an extraction solvent to the sample carrier at the determined region of the dried sample spot.

10. The method of claim 9 wherein the extraction solvent passes through the sample

carrier at the determined region of the dried sample spot.

11. The method of claim 9 wherein the extraction solvent comprises one of a liquid, a gas

and a supercritical fluid.

12. The method of claim 9 further comprising supplying the extraction sample to an

analytical measurement system to perform a measurement of the analyte.

13. The method of claim 3 wherein generating the extraction sample comprises separating

a portion of the sample carrier having the determined region of the dried sample spot from a

remainder of the sample carrier.

14. The method of claim 1 wherein the dried sample spot is one of a dried blood spot, a

dried urine spot, a dried saliva spot, a dried plasma spot, a dried serum spot and a dried

cerebrospinal fluid spot.

15. A system for generating an extraction sample from a dried sample spot, comprising:

a spectroscopic measurement module configured to obtain a spectroscopic image of a

dried sample spot on a sample carrier, the spectroscopic image comprising

information on a spatial distribution of an analyte in the dried sample spot;



a processor in communication with the spectroscopic measurement module to receive

the spectroscopic image therefrom, the processor configured to determine a region

of the dried sample spot for extraction and to generate a position control signal

responsive to the location of the determined region on the sample carrier;

a first conduit having an outlet port to provide an extraction solvent;

a second conduit having an inlet port to receive the extraction solvent; and

a positioning mechanism in communication with the processor and configured to

position the outlet and inlet ports proximate to the determined region at the sample

carrier in response to the position control signal, wherein a solvent flows from the

outlet port to the determined region of the dried sample spot and through the inlet

port into the second conduit, the solvent in the second conduit comprising an

extraction sample from the dried sample spot.

16. The system of claim 15 wherein the spectroscopic measurement module comprises a

Raman spectroscopy measurement module.

17. The system of claim 15 wherein the solvent comprises one of a liquid, a gas and a

supercritical fluid.

18. The system of claim 15 further comprising an analytical measurement system in

fluidic communication with the second conduit to receive the extraction sample.

19. The system of claim 18 wherein the analytical measurement system comprises a

liquid chromatography system.

20. The system of claim 18 wherein the analytical measurement system comprises a mass

spectrometer.



2 1. The system of claim 15 wherein the dried sample spot is one of a dried blood spot, a

dried urine spot, a dried saliva spot, a dried plasma spot, a dried serum spot and a dried

cerebrospinal fluid spot.

22. A method of generating an extraction sample from a dried sample spot, the method

comprising:

acquiring a spectroscopic measurement of an analyte in a dried sample spot;

determining a quantity of the analyte in the dried sample spot based on the

spectroscopic measurement; and

determining a volume of an extraction solvent to be used to create an extraction

sample from the dried sample spot based on the determined quantity of the analyte

and a detection characteristic of an analytical measurement system.

23. The method of claim 22 wherein the dried sample spot is one of a dried blood spot, a

dried urine spot, a dried saliva spot, a dried plasma spot, a dried serum spot and a dried

cerebrospinal fluid spot.

24. The method of claim 22 wherein the extraction solvent comprises one of a liquid, a

gas and a supercritical fluid.

25. The method of claim 22 wherein the detection characteristic is a detection calibration

range and the detector dynamic range of the analytical measurement system.

26. The method of claim 22 wherein the spectroscopic measurement is determined for an

extraction region of the dried sample spot.

27. The method of claim 22 wherein the spectroscopic measurement is a Raman

spectroscopic measurement.



28. A system for generating an extraction sample from a dried sample spot, comprising:

a spectroscopic measurement module configured to generate spectroscopic data

indicative of a quantity of an analyte in a dried sample spot;

a processor in communication with the spectroscopic measurement module and

configured to receive the spectroscopic data therefrom and to determine a volume

of an extraction solvent for creating an extraction sample from the dried sample

spot; and

a solvent management module in communication with the processor and configured to

provide the determined volume of the extraction solvent at the dried sample spot.

29. The system of claim 28 wherein the spectroscopic measurement module is a Raman

spectroscopy measurement module.

30. The system of claim 28 wherein the dried sample spot is one of a dried blood spot, a

dried urine spot, a dried saliva spot, a dried plasma spot, a dried serum spot and a dried

cerebrospinal fluid spot.

31. The system of claim 28 wherein the determination of the extraction volume by the

processor is based on the spectroscopic data and a detection characteristic of an analytical

measurement system.

32. The system of claim 31 further comprising the analytical measurement system.

33. The system of claim 32 wherein the analytical measurement system is a liquid

chromatography system.

34. The system of claim 32 wherein the analytical measurement system is a mass

spectrometer.



35. A method of generating an extraction sample from a solid sample, the method

comprising:

acquiring a spectroscopic image of an analyte in a solid sample, the spectroscopic

image comprising information on a spatial distribution of the analyte in the solid

sample;

determining a region of the solid sample for extraction based upon the spectroscopic

image; and

generating an extraction sample from the determined region of the solid sample.

36. The method of claim 35 wherein the solid sample is in a frozen state.

37. The method of claim 35 wherein the solid sample is a dried sample.

38. The method of claim 35 wherein the spectroscopic image is a Raman spectroscopy

image.

39. The method of claim 35 wherein generating the extraction sample comprises

supplying an extraction solvent to the determined region of the solid sample.

40. The method of claim 39 wherein the extraction solvent comprises one of a liquid, a

gas and a supercritical fluid.

4 1. The method of claim 39 further comprising supplying the extraction sample to an

analytical measurement system to perform a measurement of the analyte.

42. The method of claim 35 wherein the determination of a region of the solid sample for

extraction is based on a predetermined aperture.



43. The method of claim 42 wherein the predetermined aperture is based on a diameter of

at least one of an outlet port of a supply conduit and an inlet port of an extraction conduit

used to supply an extraction solvent to the solid sample and to conduct the extraction solvent

from the solid sample, respectively.

44. The method of claim 42 wherein determining a region of the solid sample for

extraction comprises selecting the region to maximize an amount of the analyte in the

predetermined aperture.

45. The method of claim 42 wherein determining a region of the solid sample for

extraction comprises selection the region to minimize a spatial variation in a concentration of

the analyte in the predetermined aperture.

46. The method of claim 35 wherein generating the extraction sample comprises

separating a portion of the solid sample defined by the determined region from a remainder of

the solid sample.

47. A method of generating an extraction sample from a solid sample, the method

comprising:

acquiring a spectroscopic measurement of an analyte in a solid sample;

determining a quantity of the analyte in the solid sample based on the spectroscopic

measurement; and

determining a volume of an extraction solvent to be used to create an extraction

sample from the solid sample based on the determined quantity of the analyte and

a detection characteristic of an analytical measurement system.

The method of claim 47 wherein the extraction solvent comprises one of a liquid,

and a supercritical fluid.



49. The method of claim 47 wherein the detection characteristic is a detection calibration

range and the detector dynamic range of the analytical measurement system.

50. The method of claim 47 wherein the spectroscopic measurement is determined for an

extraction region of the solid sample.

51. The method of claim 47 wherein the spectroscopic measurement is a Raman

spectroscopic measurement.















INTERNATIONAL SEARCH REPORT International application No.

PCT/US 12/24949

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - B01 D 15/08, 35/14 (201 2.01 )
USPC - 2 10/656; 2 10/85

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8)- B01D 15/08, 35/14 (2012.01);
USPC- 210/656; 210/85

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Patents and NPL (classification, keyword; search terms below)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PubWest (US Pat, PgPub, EPO, JPO), GoogleScholar (PL, NPL), FreePatentsOnline (US Pat, PgPub, EPO, JPO, WIPO, NPL);
search terms: extract, solvent, image, Raman, sample, spot, forensic, blood, plasma, urine, saliva, fluid, serum, dry, dried, solid, sample,
sollection, test, card, pass, through, across, region

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2010/0136609 A 1 (CLAY e t al.) 03 June 2010 (03.06.2010), para [0015]-[0020], [0048], -51
[0065], [0067], [0069], [0086]-[0092], [0095], [0097], [0101], [01 19], [0120], [0236]

US 2003/0098248 A 1 (VOGEL et al.) 29 May 2003 (29.05.2003), Figs. 1, 3 , 5, 9; para [0017],
[0041]-[0045], [0070], [0076], [0079], [0082], [0090], [0098], [0107]-[01 10], [0120], [0127], -51
[0132], [0133], [0138], [0145], [0151], [0178], [0188], [0199]

Y, P US 201 1/0129940 A 1 (GIJLERS e t al.) 02 June 201 1 (02.06.201 1), Figs. 1-8; para [0006]- -51
[0093]

Y
US 2004/0009610 A 1 (SCHABRON et al.) 15 January 2004 (15.01 .2004), Figs. 1, 2 ; para 1-51
[0010]-[0076]

Y
US 5,858,178 A (LAUTENSCHLAGER) 12 January 1999 (12.01 .1999), Figs. 1-4; col 2-1 1 -51

Y
US 3,966,410 A (JAHSEN) 29 June 1976 (29.06.1976), Figs. 1, 2; col 3-1 -51

□ Further documents are listed in the continuation of Box C .

Special categories of cited documents: "T"

□
later document published after the international filing date or priority

A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
P" document published prior to the international filing date but later than "&" document member of the same patent family

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

16 May 2012 (16.05.2012) 30 MAY 2012
Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Form PCT/ISA/210 (second sheet) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

