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ABSTRACT: We report a novel, fast and automatic SPME-based method capable of extracting a small molecule 

drug conjugate (SMDC) from biological matrices. Our method relies on the extraction of the drug conjugate 

followed by direct elution into an electrospray mass spectrometer (ESI-MS) source for qualitative and quantitative 

analysis. We designed a tool for extracting the targeting head of a recently synthesized SMDC, which includes 

acetazolamide (AAZ) as high-affinity ligand specific to carbonic anhydrase IX. Specificity of the extraction was 

achieved through systematic optimization. The design of the extraction tool is based on noncovalent and reversible 

interaction between AAZ and CAII that is immobilized on the SPME extraction phase. Using this approach, we 

showed a 330% rise in extracted AAZ signal intensity compared to a control, which was performed in the absence of 

CAII. A linear dynamic range from 1.2-25 µg/ml was found. The limits of detection (LOD) of extracted AAZ from 

phosphate-buffered saline (PBS) and human plasma were 0.4 and 1.2 µg/ml, respectively. This with a relative 

standard deviation of less than 14% (n=40) covers the therapeutic range.  

 

Keywords: Capillary gap sampler; Solid phase microextraction; Targeted drug delivery; Small molecule-drug 

conjugates; Carbonic anhydrase; Acetazolamide. 
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❏ INTRODUCTION 

The majority of anticancer drugs are designed to interfere with cell proliferation or survival events. However, 

chemotherapeutic agents often do not selectively accumulate in the tumor tissue after systemic administration. The 

unspecific biodistribution of anticancer drugs causes undesired toxicities in healthy organs and limits the therapeutic 

effectiveness of the drugs. Targeted delivery of potent cytotoxic agents to tumors represents a promising strategy to 

improve the therapeutic index and to limit undesired systemic toxicities. [1 - 4] In an attempt to improve drug 

efficacy, tumor-specific antibodies and small molecules have been proposed as selective delivery vehicles of toxic 

payloads to malignant cells. This approach led to the generation of new classes of drugs called Antibody-Drug 

Conjugates (ADCs) and Small Molecule-Drug Conjugates (SMDCs). The general structure of ADC and SMDC 

products includes a therapeutic payload attached to a ligand specific to a marker of disease, through a spacer that 

often contains a cleavable bond. [2] In this way, the drug will accumulate and act at the intended site of action, 

therefore increasing the efficiency of the applied dose, while side effects for the healthy cells decrease. Different 

targeting moieties have been proposed, including tumor-specific antibodies, [5, 6] aptamers, [7 - 9] peptides [10 - 

13] and low-molecular weight non-peptidic ligands. [14 - 17] The use of antibodies as targeting head has several 

limitations: antibodies are large molecules, and thus have problems penetrating deeply into solid tumors. [18] Other 

disadvantages are the drug’s long circulation times. [19] This has shifted the focus to small molecule drugs, as they 

have advantages in terms of pharmacokinetics, [10] in vitro and in vivo stability, [20] antigenicity, [21, 22] 

conjugate chemistry and cost of manufacturing. Folate Receptor, [23] Prostate Specific Membrane Antigen, [24] 

Somatostatin Receptors, [25] and Carbonic Anhydrase IX, [26] have been successfully targeted with small 

molecules. 

Carbonic anhydrase IX (CAIX) is a metalloenzyme and transmembrane protein involved in cell adhesion, pH 

homeostasis, and upregulated by hypoxia during tumor development and progression. The excellent tumor-targeting 

performance of AAZ, a small organic ligand for CAIX, was demonstrated by quantitative biodistribution in a murine 

model of Renal Cell Carcinoma. [26] AAZ showed good tumor-penetrating properties and fast targeting kinetics. 

AAZ derivatives of cytotoxic payloads have been generated and characterized for their potent in vivo anti-tumor 

activity against Carbonic Anhydrase IX expressing solid tumors in mice. Chemically defined ADC and SMDC 

products targeting CAIX have been generated and compared in terms of tumor-homing properties and therapeutic 

effect. [27] In quantitative biodistribution experiments performed with radiolabeled drugs administered 

intravenously to tumor bearing, the small organic ligand showed about 40% injected dose per gram (%ID/g) 6 hours 

after injection, while the anti-CAIX antibody only displayed a 4%ID/g after 24 hours. Moreover, fluorescently 

labeled SMDC and ADC were analyzed for their diffusion properties in solid tumors. While the antibody-based 

product only localized nearby vascular structures, the anti-CAIX small ligand homogeneously accumulated over the 

tumor mass in a very short period of time (1 h after injection). Therapy experiments indicated potent antitumor 

effect of both ADC and SMDC products. In order to evaluate the targeting performance, experiments that do not 

require labeling and modification of the drugs are required. This might simplify sample preparation and lower 

generation of experimental artifacts. There is also a great demand for techniques capable of quick, site specific and 

low-volume sample analysis, which would render the drug biodistribution screening in the tissue possible.  
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In this article, we report the development of a label-free SPME-based method, which allows analysis of the of anti-

CAIX SMDCs in biological matrixes. We present the capillary gap sampler as a platform for direct coupling of site-

specific solid phase microextraction with ESI-MS. Using such a sampler, SMDC products can be selectively and 

quickly extracted from low volumes of different matrices and later quantified by ESI-MS analysis. The extraction 

step is based on the interaction between immobilized CAII, a commercially available and inexpensive isoform of 

CA, and the targeting moiety of anti-CAIX SMDCs.  

 

❏ MATERIALS AND METHODS 

Chemical and Materials. Acetonitrile≥99.9% (LC-MS CHROMASOLV), water (LC-MS grade), bovine carbonic 

anhydrase II, human plasma, bovine serum albumin, myoglobin Dimethyl sulfoxide (for acetazolamide solution 

preparation) were purchased from Sigma Aldrich (St Louis, MO, USA). Also, diazepam and diazepam-d5 were 

obtained from Sigma Aldrich (The Woodlands, TX, USA) and stored at 4°C. Acetazolamide ≥99% and 

Methazolamide ≥98% were purchased from Sigma (Steinheim, Germany). Methanol and ethanol (HPLC grade) 

were purchased from Fisher Scientific (Loughborough, U.K). Formic acid (98-100%) and rhodamine B were 

purchased from Merck (Darmstadt, Germany). Acetone was provided by Aldrich (Milwaukee, WI, USA). 

Dynabeads M-270 Epoxy was purchased from Thermo Fisher Scientific (Baltics, Norway) and stored at 2-4°C. 8-

Anilino-1-naphthalenesulfonic acid was bought from Fluka-Chemie AG (Buchs, Switzerland). Polyacrylonitrile 

(PAN), which was used as a biocompatible glue to immobilize the beads on the stainless-steel pin, was purchased 

from Acros (New Jersey, USA). AAZ-VC-MMAE was synthesized as described in Ref. [28]. 

 

Equipment for detection (Mass Spectrometer), software, buffer delivery. A Synapt G2-S high definition mass 

spectrometer (Waters, Manchester) operated in positive ion mode was used for the experiments. The source 

temperature was set to 30°C and the capillary voltage to 3.3 kV. Masslynx 4.1 software was used for acquiring the 

data. Buffer delivery was performed via a syringe pump (neMesys, Cetoni, Korbuss, Germany). 

 

Sampler Design. The capillary gap sampler allows direct hyphenation of a miniaturized sampling device to ESI-

MS. Its main compartments are a sampling tool and a microfluidic platform as the sample receptor. The entire setup 

is 4.5 kg and is fixed to the front part of the MS. The sampling tool serves to extract and deliver the sample into a 

liquid junction inside the microfluidic chamber. This chamber (V= 0.65 ml) is made of PEEK and held under a 

controlled overpressure. Inside the chamber, which is the heart of the sampler, two capillaries face each other with a 

gap of about 200-300 µm where a liquid bridge of 10-40 nanoliters forms. The liquid bridge is built up when a 

solution is delivered by a syringe and flows through the first fused silica capillary (360 µm O.D.; 50 µm I.D., 

Polymicro, Phoenix, AZ, USA). This liquid then fills the gap between the two capillaries and enters the second 

stainless steel capillary (320 µm O.D.; 50 µm I.D.; 50 mm length; New Objective, Woburn, MA, USA). The second 

capillary also acts as the direct ESI spray needle in front of the MS inlet. Alternatively, a single capillary with a hole 

can be used as the sample receptor. This yields higher sensitivity, robustness and ability to work with high surface 

tension solutions. More details can be found in previous publications by Ghiasikhou et al. [29] and Neu et al. [30].  
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The sampling tool is a solid stainless-steel pin, which picks up a small droplet of the sample by dipping into a 

microwell. This pin is held and moved by a light microrobot (model PocketDelta, Asyril, Villaz-St-Pierre, 

Switzerland) with fast, pulsation free and precise movement (3µm). The sample delivery step is monitored by a 

CCD camera (model µ-eye, VS Technology Cooperation, Tokyo, Japan) and Telocentric optics (VS Technology 

Cooperation). 

 

Workflow for sample extraction and elution 

1) Loading: in this step, the extraction tool is dipped into the sample solution and binds with the analyte of the 

interest noncovalently (Fig. S1 in supplementary information). CAII and AAZ were found to bind best at a pH of 

~7.2 (Fig. S2 in supplementary information) The rate of extraction increases by performing agitation in this step. 

This is achieved by quick movements of the extraction tool inside the sample well. [31] 

2) Washing: this refers to the step of removing the remaining matrix off the pins, with minimum loss of the analyte 

of interest. In this case, washing occurs in water at a pH of 7.4. 

3) Elution: this is the step of desorption of the analyte using an appropriate elution solution. Using the capillary gap 

sampler, elution is performed inside the liquid bridge. The eluted compound is then sprayed directly into the MS 

inlet. The extraction tool is left in the gap exposed to the desorption solution for 2 minutes, until the extracted ion 

chromatogram signal has reached baseline level again (explained in Fig. 5). 

4) Conditioning: after the elution step and prior to the next round of the experiment, the extraction tool moves into 

water at a pH of 7.4 to keep the CAII folded. 

 
Figure1. In this figure extraction workflow including loading, washing, elution, conditioning is shown. The elution 

step happens in the formed liquid bridge in between two capillaries. 

 

Preparation of the SPME tool. The stainless-steel pin was washed and sonicated with isopropanol/methanol, 

followed by a O2 plasma cleaning procedure. Silica beads carrying epoxide functionalization on their surface were 

then fixed to the metal tip using polyacrylonitrile (PAN) polymer, and this PAN glue was later cured in the oven at 

180°C for two minutes. After cooling down to room temperature, the epoxy-modified beads were incubated in CAII 

for 48 hours at 2-4°C. The CAII was immobilized on the beads through an amine-epoxy reaction. The unreacted 
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active epoxy groups were quenched by incubation in Tris 20 mM buffer for half a day. A SEM image of the coated 

extraction tool is shown in Fig.2. 

 
Figure 2. Extraction tool preparation steps, a) gluing epoxy-modified beads onto the solid pin and curing at 180°C, 

b) incubation with CAII and amine-epoxy reaction, c) incubation in Tris buffer, d) SEM image of the CAII-modified 

beads after immobilization on the extraction tool, confirming that beads are not covered with PAN glue. 

 

❏ RESULTS AND DISCUSSION 

Proof of CAII immobilization. In order to evaluate whether the immobilization of CAII on the epoxy beads was 

successful, a well-established protein identification test with 8-anilinonaphthalene-1-sulfonic acid (ANS) was 

performed. ANS is a hydrophobic organic dye containing both a sulfonic acid and an amine group. Non-covalent 

binding of ANS and peptides/proteins in solution largely occurs through the negatively charged sulfonate groups and 

the positively charged side chains of the arginine residues of the proteins. [32, 33] Fluorescence enhancement results 

from ion paring between the arginine from CAII with the ANS sulfonate group. [34] In this test, epoxy-modified 

beads were glued onto two microscope slides (one as a control experiment) and incubated with a buffer solution 

with and without CAII for 48 hours at 4°C. In order to remove non-specifically bonded ANS while keeping proteins 

in their correct folding, beads were rinsed with water, incubated with an ANS solution for one hour and washed with 

saline buffer at pH 7.4 to remove any non-specifically bonded ANS while the proteins were kept folded. Both slides 

were observed under a fluorescent microscope. Several areas were imaged using both the blue fluorescence emission 

channel and bright field modes. The results are shown in Fig. 3. 
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Figure 3. Bright field and blue channel images from the epoxy-modified beads (incubated a) with, b) without CAII) 

after reacting with ANS. 

 

The results shown in Fig. 3 confirm the binding of CAII to the beads. Images were selected from areas with different 

bead densities. Comparison of the fluorescent enhancement among series a and b confirms the presence of CAII 

proteins on the beads in Fig. 3a. 

Influence of the desorption solution on the acetazolamide signal. Selection of the right desorption solution is 

crucial to have a complete elution of the analyte and to keep the CA protein properly folded for the next extractions. 

In order to separate the analyte from the enzyme, different mixtures of organic solvents acetonitrile, methanol, 

ethanol and acetone and water were tested. Restrictions such as the pH or organic solvent content of the mixture 

should be considered. Decreasing the pH or increasing the organic solvent-to-water ratio of the solution increases 

the release of the inhibitor from CAII, but also increases the probability of protein denaturation. On the other hand, 

the stability of the liquid bridge in the double capillary system is significantly enhanced by increasing the organic 

ratio of the mixture. The reason is their low surface tension in comparison with water. Possible denaturation during 

the elution process can be overcome by placing the extraction tool in a buffer solution with physiological pH 

immediately after elution and prior to the next extraction (conditioning step). Solutions containing 50% of the 

mentioned organic solvent and water, plus 0.1% formic acid for enhancing ionization were prepared. Methazolamide 
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(1 µM) was added to the solution in order to normalize the acetazolamide signal intensity. Extraction of 

acetazolamide 5µM from PBS was performed 10 times for each solution. Results are shown in Fig. 4. 

 
Figure 4. Average amount of eluted acetazolamide (n=10) using acetonitrile, methanol, ethanol and acetone 50% 

mixed with water (plus 0.1% of formic acid) as the desorption solution. The results are normalized to 

methazolamide (1 µM). 

As shown in Fig. 3, water containing 50% acetonitrile elutes more acetazolamide compared to the other organic 

solvents, which can be explained by the higher solubility of AAZ in ACN and its lower pH value in comparison with 

other solutions. The use of 50% ACN also results in a smaller RSD, most probably due to lower carry-over from the 

previous 120 seconds of elution. We also expected the protein to be more prone to becoming denatured after 

dissociation of the acetazolamide. This expectation is supported by a study by Almstedt et al. [35] who showed that 

sulfonamide ligands, bound to the metal cofactor (the active site of the enzyme), can further stabilize CA against 

denaturation. Therefore, after acetazolamide elution, CAII is more prone to denaturation, i.e., long elution times 

should be avoided. Considering our experimental parameters, such as coating thickness, acetazolamide 

concentration, etc., and in accordance with the extracted ion chromatogram of the acetazolamide, a 2-minute elution 

was found to be enough for the chromatogram to return to baseline. An example of an extracted ion chromatogram 

of acetazolamide is shown in Fig. 5, which confirms that 2 minutes is long enough for the elution step. 

 
Figure 5. Extracted ion chromatogram of acetazolamide (20 µM) after extraction from PBS. 
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In order to confirm that CAII is not denatured during the desorption step, CAII 20 µM was incubated in 50 % ACN: 

H2O for 2 minutes and sprayed directly into MS using borosilicate nano-emitters. Figure 6 represents the resulting 

spectrum. The peaks marked in Fig. 6 correspond to a native charge state distribution of CAII, thus confirming the 

high stability of CAII against denaturation in 50 % ACN: H2O.   

 
Figure 6. The nano-ESI spectrum of CAII 20 µM incubated in 50 % ACN: H2O for 2 minutes. 

 

Extraction of AAZ-VC-MMAE from human plasma by the capillary gap sampler. After understanding and 

optimizing different experimental parameters such as pH, desorption solution and time, an evaluation of the 

technique for drug extraction was performed. A solution of AAZ-VC-MMAE of 2.5 µg/ml was directly sprayed by a 

borosilicate nano-emitter, and the spectrum shown in Fig. 7a was collected. Then, using a CAII modified pin, the 2.5 

µg/ml drug was extracted from PBS (Fig. S4b, supplementary information) and human plasma (Fig. 7b). The human 

plasma was spiked with the drug and left overnight in the fridge at 2-4°C. A control experiment was performed, in 

which 2.5 µg/ml AAZ-VC-MMAE was extracted from PBS using bare beads (Fig. S4a). The results are shown in 

Fig. 7. The peaks corresponding to the drug are marked in the spectra.  
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Figure 7. Spectrum of AAZ-VC-MMAE, a) direct infusion by nanospray, b) extraction from human plasma. The 
following peaks were observed in both spectra: (◇) MMAE+ H+ =718.51 m/z, (◦) AAZ-VC-MMAE+ 2H+ =1113.03 
m/z, (◦) AAZ-VC-MMAE+H++Na+ =1123.53 m/z, (□) AAZ-VC-MMAE – MMAE – CO2 =1461, (△) AAZ-VC-
MMAE+=2224.05m/z. Part c shows the chemical structure of AAZ-VC-MMAE. 
 

Five identical peaks in both spectra indicate the success of the drug extraction from human plasma. Peaks between 

50 and 800 m/z mostly originate from the coating glue of the extraction tool, and some from human plasma. For 

example, the strong peaks at 780.7 and 591.7 m/z were observed while extracting from both PBS (Fig S4) and 

human plasma, therefore they must originate from the coating material. The peaks observed at 718.51, 1113.03, 

11123.53, 1461 and 2224.05 m/z correspond to MMAE+ H+, AAZ-VC-MMAE+ 2H+, AAZ-VC-MMAE+H++Na+ 

AAZ-VC-MMAE – MMAE – CO2, and AAZ-VC-MMAE+, respectively. Extraction of the drug from human plasma 

is more challenging due to matrix effects: firstly, unspecific adsorption of macromolecules to the beads’ surfaces 

and pores, and competition between the proteins in the plasma and the extraction phase for the drug can occur. The 

second point depends strongly on the differences of the competitor’s (extraction phase and plasma) affinity for the 

target analyte and the concentration of each. 
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Specificity of the extraction. The specific extraction approach is crucial to discriminate against other compounds in 

a biological sample. In this context, the term specific means enhancing the extraction of the analyte of interest as 

much as possible while minimizing interferences from unwanted compounds, to make the data interpretation as 

clean and simple as possible. In most cases, nonspecific extraction cannot be avoided but can be minimized. To 

investigate the specificity of the AAZ extraction, three different proteins including CAII, BSA and myoglobin, were 

immobilized on the extraction tool. Then, using these three pins and a pin without immobilized protein (as a 

control), seven extractions of acetazolamide 6.7 M from PBS were performed. Results are plotted in Fig. 8. 

 
Figure 8. Extraction of acetazolamide using three different proteins (bovine serum albumin, myoglobin and carbonic 

anhydrase II) immobilized on the pins, plus a control experiment (bare beads). The acetazolamide signal intensities 

are normalized to methazolamide 2 µM. (n=7) 

 

Although nonspecific binding was observed for all the pins, extraction was significantly enhanced using CAII 

modified beads, which means that carbonic anhydrase II binds AAZ specifically and therefore provides an enhanced 

extraction. Nonspecific binding can be minimized by a longer washing time after extraction and prior to the 

desorption step. Epoxy-modified beads are hydrophilic and pH neutral. AAZ is also hydrophilic, which explains the 

nonspecific extraction in the control experiment. Immobilization of BSA and myoglobin render the surface more 

hydrophobic and they do not bind AAZ specifically, therefore less extraction of AAZ was observed. In another test, 

extraction of AAZ from a mixture of different analytes using a CAII modified pin was evaluated. The mixture 

consisted of three compounds, acetazolamide, diazepam and MMAE, each at a concentration of 6.7 µM in PBS. 
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Figure 9. Comparison of the extraction of three different analytes, a) acetazolamide, b) diazepam, c) MMAE, using 

CAII and epoxy-modified beads. (n=5) 

 

Fig. 9 shows the results. For each analyte peak, intensities were normalized to the analyte intensity extracted by the 

epoxy-modified beads. The normalized intensity of the peaks is compared for each extracted analyte using CAII 

modified pins, plus a control using bare epoxy-modified beads. According to Fig. 9, modification of the pin with 

CAII greatly enhances the extraction of acetazolamide and decreases the extraction of diazepam and MMAE. The 

high affinity of CAII to acetazolamide is the main reason for the 330% enhancement of the extraction.  

 

Time profile of the extraction. The concept of SPME was developed to address the need for fast sample cleanup. 

The SPME extraction phase is in contact with the sample matrix for a well-defined amount of time. Depending on 

several factors such as temperature, the affinity of the extraction phase with the analyte, the volume of the extraction 

phase and sample volume, analyte concentration, and agitation, the amount of the extracted sample may vary. The 

extraction strategy can either be designed on the basis of pre-equilibrium or equilibrium conditions. The former is 

accomplished by stopping extraction before equilibrium has been reached. In the equilibrium-based approach, 

convection/agitation conditions do not affect the extracted amount. However, when using the pre-equilibrium 

method, high reproducibility, which is especially important for the purpose of quantification, can be achieved only if 

convection/agitation is controlled. Pre-equilibrium extraction is quicker compared to equilibrium-based extraction 

and, pending acceptable level of sensitivity, accuracy and reproducibility, it would be the preferred method. In this 

section, several extractions from a 20 µM acetazolamide solution in 40 µL PBS were performed by a CAII modified 
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pin. The extraction time was varied to find the equilibration time. Each experiment was repeated 3 times. Agitation 

was performed in all the extractions. The time profile of the extraction is shown in Fig. 10.  

 
Figure 10. The time profile of the extraction acetazolamide (20 µM) from PBS. (n=3) The results are normalized to 

methazolamide (2 µM). 

 

By increasing the extraction time, the signal intensity of the extracted acetazolamide increases. This increase 

continues for the first five minutes, after which no considerable change is observed. Therefore, equilibrium is 

reached within five minutes in this case. The equilibrium is determined by the distribution constant Kes for a solid 

extractant defined as Kes = Se / Cs, [36] where Se is the surface concentration of the adsorbed analyte on the 

extraction phase and Cs is the analyte concentration in the sample. The sorbent surface area is also considered in the 

definition of Se. Thus, for a higher surface-to-volume ratio, equilibrium is reached faster, i.e. this method can be 

designed for high-throughput screening where speed and time are important factors. An efficient agitation technique 

during extraction reduces the equilibration time by making the boundary layer thinner. [37, 38]  

 

AAZ extraction linearity, sensitivity, limit of detection, and recovery. One of the advantages of SPME-based 

methods over traditional sample preparation methods is their ability to quantify total concentration of a drug in a 

biological fluid or tissue. According to the therapeutic concentration of acetazolamide in human plasma, which is 

about 5-10 µg/ml, [39] the linear dynamic range range and limit of detection should be evaluated. Equilibrium-based 

extraction of the acetazolamide is shown in Fig. S3.  Linearity was found over the entire calibration range of 1.2-25 

µg/ml, with a regression coefficient of 0.997, which is more than the therapeutic range. For a signal-to-noise ratio of 

3:1, the LOD was 400 ng/l from PBS and 1.2 µg/ml from human plasma, respectively. In another set of experiments, 

different concentrations of acetazolamide were sprayed into the MS inlet. From these data, a calibration curve was 

constructed and the recovery of the equilibrium-based extraction was calculated. Recovery of the extractions was 

found to be 5%.  In accordance with the therapeutic range and achieved LOD, this method provides enough 

sensitivity for acetazolamide quantifications.  
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Repeatability. To confirm the repeatability of the extraction, forty tests were performed. In each test, 500 nM 

acetazolamide was extracted from PBS solution. 

 
Figure 11. Repeatability test. RSD for forty extractions of 500 nM acetazolamide from PBS was found to be 13.5%. 

The solid blue line represents the means value. The data were normalized to methazolamide (200 nM). 

 
The relative standard deviation of 13.5% for forty extractions represents an acceptable reproducibility of the process.  

 

❏ CONCLUSIONS AND OUTLOOK 

In this paper, we describe a novel affinity solid phase micro extraction tool with the aim of improving the 

capabilities of SPME. We presented CAII protein as the extraction phase for affinity extraction of an acetazolamide-

based SMDC product capable of selective localization to CAIX-positive tumors. The procedure and proof of 

immobilization are demonstrated. The critical steps of analyte elution were studied. The desorption solution was 

optimized to efficiently elute the highest possible amount of the extracted sample and to keep the protein in its active 

folded structure. The specificity of the extraction was studied in a two-step evaluation. Firstly, acetazolamide was 

extracted using different protein-modified beads, and in the second approach, using CAII modified beads, 

acetazolamide was extracted from a mixture. Using both approaches, extraction using CAII modified beads showed 

considerable enhancement in the affinity extraction of acetazolamide. Further experiments on extraction 

performance were applied. In accordance with available biodistribution data of acetazolamide-based compounds, 

this model proved to be sensitive enough to satisfy the requirements related to linearity range and detection limit. On 

the other hand, the unique design of the sampler provides precise and fast movement of the extraction tool, which 

makes it potentially useful for analyzing tissue for future bioimaging applications. As an example, it can be 

interesting for the evaluation of targeted drug delivery performance. After a certain time from the injection of the 

drug, the targeted tissue can be collected and drug distribution can be monitored. This specific extraction approach is 

critical in order to minimize the interference from the biological sample being investigated. In future the method can 

be used for in vivo applications and biocompatible specific coatings could be developed including specific affinity 

phases for a range of important target analysis. 
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