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Abstract: 

         To validate the possibility of using 3D-printed microdialysis probe in-Vitro 

experiment, in this study we described a methodology of printing 3D-printed probe by 

Miicraft 3D printer and assay for testing its efficiency in comparison with the 

commercial probe. Perfusate, of testing process, was 0.9% NaCl (Sodium Chloride) 

pumped into the inlet of the probe at different flow rate (0.5µL, 1µL, 1.5µL, and 2µL), 

flows past the active area of the dialysis membrane, and flow out the outlet of the 

probe. Perfusate, in order of passing by the dialysis membrane, a concentration of 

glucose is established across the membrane. It facilitates the diffusion of compounds 

of interest from the extracellular space through the membrane and also the perfusion 

stream for analysis. After all amount of glucose, set previously about 0.3 mL, pumped 

into membrane, we collected the sampled glucose from outlet to then analyze and 

determine the glucose concentration by using fluorescence microplate reader. To come 

up with final result, the relative recovery was formally calculated by given formula. 

The desirable efficiency of 3D-printed microdialysis was expected around 70% to 80% 

compared that of commercial probe. There were, however, some restrictions as well as 

limitations found during the conduction such as inaccurate dimension printing due to 
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the size of device was ineligible etc. As a result, the identical efficiency of 3D-printed 

probe was unable to reach the announced targets wherein relative recovery of 3D 

printed found approximately at 50% to those of introduced device. In detail, the RRs 

were found at flow rate of 0.5µL, 1µL, 1.5µL and 2.0µL were around 23.2%, 15.4%, 

13.9% and 11.2% respectively in comparison to 42.2%, 35.3% 26.7% and 21.5% of 

the introduced probe. Although the result was under the expectation, these data have 

proven that 3D-printed probe possibility could be touched in the near future, opens a 

wide application of that device to various fields of study. 
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PART I. INTRODUCTION 

1.1.  Rationale of study 

Microdialysis device recently has a huge potential in automatic sampling and 

sampling clean-up technique for environmental study wherein it is demonstrated with 

selected examples classified following to the comprehensive state of the sample matrix 

(Míroand Frenzel, 2005). Once microdialyzer, as a passive sampler, is implanted into 

solid materials opening new paths in soil science, scientists can eliminate or purify 

aqueous and solid selected samples. More recently, microdialysis sampling has been 

shown to be a powerful technique for various study areas such as very popular in 

pharmacokinetic, neurochemistry, biotechnology and environmental studies. As a 

result, there are hundreds of scientific papers published with the content correlating to 

microdialysis application study such as emerging trends in in vivo neurochemical 

monitoring by microdialysis (Kennedy, 2013) a high-throughput microdialysis-parallel 

solid phase extraction-inductively coupled plasma mass spectrometry hyphenated 

system for continuous monitoring of extracellular metal ions in living rat brain (Cheng 

et al., 2013) and so on. 

In another side, the tendency of 3D-printed lab research instruments is well-

known as a strategy for cutting the cost of scientific research by using 3D printers and 

micro-controllers (Pearce,2013). With a promise of various designs can be 3D-printed, 

which means everyone can have an exact replica for the cost of materials. Such 

equipment has been proven in the open-source scientific design community at where 

the academic world is on “the verge of a new era where low-cost scientific equipment” 

puts increasingly sophisticated tools into the hands of not only our top universities and 

governmental labs but also every school and public as well (Elsevier group, 2014).. 
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3D-printed microdialysis possibility, however, is still a myth for researchers on its 

workability for in-vitro experiment so as to its sensitivity and ineligible dimension that 

cause difficulties for 3D-printers. 

With its various applications, the 3D printers are extensively popularizing at 

where consumers, middle-school students have 3D-printed stock cars for physics 

lessons, scientist have 3D-printed tissues, cell and others scientific instruments for 

human organs, studies and scientific researches. An affirmation is that, according to 

CEO of 3D system, AviReichental,“The 3D printing is one of those technologies that 

literally touches everything we do” (Torto et al., 2001). 

1.2.  Aims of study 

From those above-mentioned ideas, in this study, we have come up study with 

detailed purposes as following: 

• Validate the relative recovery (RR) of 3D-printed microdialysis probe in 

comparison commercial devices. 

• Reduce the cost and investment in microdialysis related studies. 

• Strengthen printability of 3D printers to micro objects. 

• Encourage further applicability of microdialysis device to various fields, 

especially in environmental studies. 

1.3. Research Questions 

i) What arethe Relative Recovery (RR) of 3D-printed microdialysis probe in 

comparison those of commercial probefor determining glucose concentration? 

ii) How is 3-printed microdialysis device’s replicability? 
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1.4. Scope of the study: 

Accordingly, the main purpose of study is to combine efficiently hi-tech 

applications into scientific study at where we firstly focused on creating or producing 

scientific instruments, at least simple stuffs, in order to lower cost and expense in 

scientific researches to accelerate the possibilities and inspirations of study. As a 

result, the possibility assessment of 3D-printedmicrodialysis probe is firstly focused on 

lab-scaled experimentswith glucose determinations for experimental validation. 

However, after this process, the 3D-printed microdialysis would be considered 

applicable into further studies in various researches, at larger scale, such as in vivo and 

in vitro experiments and an efficient separator of metals ions or nanoparticles in order 

to eliminate undesirable molecules in matrix solutions. 

Limitation of designing 3D-printed MD device: 

Unfortunately, there have some limitations, which we addressed during the 

implementation, restricted the 3D-printed probe need to be solved to improve its 

possibility, that is, the printing accuracy is not concisely standardized as sketched 

parameters of probe, sometimes the inner dimensions is smaller than decided ones, so 

that the fitness of membrane and inner cannula was not qualified. Furthermore, due to 

the limited capacity of our lab at which we have lacked some necessary materials and 

appropriated details such as inlet and outlet tubes were not uniformed, different 

dimensions as introduced devices’ leading the extraction fraction was affected. So, 

these suggested problems are recommended to solve for improving the capability of 

3D-printed probe to make it is substitutable to formal one. 
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PART II. LITERATURE REVIEW 

2.1. In-Vitro Experiment 

In-Vitro research generally refers to as the manipulation of organs, tissues, cells 

and biomolecules in controlled, artificial environment. In addition, in-vitro study is 

often conducted in with cells and biological molecular implemented outside their 

normal biological context. The principal unit of living organisms is the cell in which 

its scale and dimension is at the interface between the molecular and microscopic 

level. Living cells are turn by turn divided into functional and structural areas, for 

instance, the nucleus, cytoplasm and the secretory pathways (ScienceJank group, 

2014). In-Vitro experiment determines molecular of life carry out the chemical 

reaction enabling cells interact with its environment, use and store energy, reproduce 

and grow. The structure of each biomolecule and its subcellular localization are 

determined in which chemical reactions are probably participating and enhancing roles 

that it plays in the cell’s life processes. Any manipulation that breaks down this unit of 

life, that is, the cell into its non-living components is, considered an in vitro approach. 

Thus, in vitro, which literally means “in glass”, refers to the experimental 

manipulation conducted using cell-free extracts and purified or partially purified 

biomolecules in test tubes (ScienceJank group, 2014). 

2.2. The 3D printing technology 

2.2.1. Concept of 3D printing 

3D printing technology has long ago moved from being theoretical to a reality, 

and nowadays, thanks to the technological explosion, the 3D printers have become 

cheaper and cheaper to manufacture. Several models are now available for purchasing 

and costumed products are highly recommended. Experts and manufacturers predict 



Bachelor thesis 

 

Huy Van Duong - K42 AEP  7 

3D printers will be more popular in homes in coming years. Our news and feature 

articles cover the science and technology behind 3D printers, from how they work to 

the history, progress and future of the technology and what kinds of things can be 

made (Livesciencegroup, 2014). Likewise, the 3D printing technology isa process of 

creating three dimensional solid objects or stuffs from a digital file. Its uses range from 

practical objects for everyday demand to commercial products and parts used in 

manufacturing. Though in order to achieve a 3D printed object, makers ought to use 

additive processes in which an object, itself, is created by laying down successive 

layers of selected material until the entire object is created. Each of these layers can be 

obviously seen as a thinly sliced horizontal cross-section of the eventual object. 

2.2.2. How it works 

Additionally, 3D printing process it all initiates with creating a virtual sketch of the 

object you want to print. This virtual design is created in 3D sketching software such as 

CAD (Computer Aided Design) or Solidworks to model program or with the use of a 3D 

scanner. This scanner is able to convert a 3D digital copy of an object into different format 

or different 3D modeling program.Moreover, to get the digital file created in a 3D sketching 

program for printing, the software slices the final model into hundreds or thousands 

horizontal layers. When this file is loaded in the in the 3D printer, the printer will print that 

object layer by layer. The 3D printer loads and reads every slices or 2D image and proceeds 

to create the object blending each layer together with no sign of layering visible, resulting in 

one three dimension object (3D printing group 2015). 

2.2.3. Applicability 

Because of the popularization and convenience of 3D printing technique, it has 

quickly expanded its application in various related fields such as design visualization, 
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prototyping,CAD, metal casting, architecture, education, geospatial, healthcare and 

entertainment (Time group, 2014) etc. For instance, by the year 2010, 3D printing 

technology was studied by biotechnology firms and institutes for possible use in tissue 

engineering application where organs and body segments are built using inkjet 

techniques. Living cell’s layers were deposited onto a gel medium and slowly built up 

to form three-dimensional structures. 

One more application, that is, in 2014 the team of Michigan tech students,which 

was led by Associate Professor of Material Science and Engineering Joshua Pearce 

(Larvas, 2014), published a series of designs wherein each concerns to 

differentcomponents of syringe pump. Some 3D-printed syringe pump’s parts, 

however, would be commercially purchased, such as the electronic motor that pushes 

the fluid and the syringe itself, and the remaining parts could be probably made by 

using RepRap 3D printer. Expectedly, this team’s first achievement would bring out a 

huge benefit not only economically but scientifically also. As mentioned by Pearce, 

each 3D printed single-pump system costs US$50 while the commercial one fluctuated 

from $250 to $2,500. Similarly, a 3D printed doubled-pump approximately measured 

at $120, appreciatively replacing the commercial version which is normally worth up 

to $500. And more importantly, the sources of the designs are reportedly available, 

they are planned to be custom-built and adjusted for various research purposes. “Not 

only have we designed a single syringe pump, we have designed all future syringe 

pumps” said Pearce. “Scientist can customize the design of a pump for exactly what 

they are doing, just by changing a couple of numbers in the software” (Larvas, 2014). 
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2.2.4. Future promising 

It is predicted by some additive manufacturing advocates that this technological 

development will change the nature of commerce, so as to end users will be able to do 

much of their own manufacturing instead of engaging in trade to purchase products from 

other peoples and corporations (3D printing group, 2014). Further on, 3D printers capable 

of outputting in color and multiple materials already exist and would continue to improve 

to a point where functional products would be able to be outputted. With its effects on 

sensitive usage as energy consumption, waste reduction, customization, product 

availability, medicine, art, construction and sciences, the3D printing technology will 

promise to change the manufacturing worlds (Microdialysis group, 2009). 

2.3. Microdialysis 

Accordingly, microdialysishas been used as a valuable sampling and sample clean 

up technique, which can continuously collect unbound drugs in blood and most tissues, 

for general analytical chemistry for roundly 30 years (Torto et al., 2001). Since it has been 

studied extensively and usually used in study of neurochemistry, pharmacokinetic, 

toxicology clinical diseases monitors and it is also continuously popularized in other areas 

such as biotechnology and environmental analysis. Once comparing with the conventional 

sampling technology, the advantage of microdialysis find on its possibility of 

continuously determining free-form samplefrom extracellular fluids (ECF) of tissues 

(Torto et al., 2001). 

Furthermore, since the responses of pharmacology and toxicology can be better 

correlated to profile of drugs in the plasma and target tissues in the same experimental 

animals, which can eliminate animal individual differences and reduce the number of 
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animal sacrificed, this makes microdialysis become a potential tool for 

pharmacokinetic and pharmacodynamics study. 

2.3.1. History of microdialysis 

Microdialysis, originally used to sample from the brain tissue, has become a very 

common method to sample free drug concentrations from any tissue and so a very 

important tool to determine the pharmacokinetics in these tissues.  Furthermore, 

microdialysis in combination with a suitable detection technique allows monitoring of 

time-dependent changes in local tissue chemistry, for example neurotransmitter release 

and reuptake, drug delivery or energy metabolism in a particular brain area.  In 1966 Bito 

and his co-workers described the possibility of using a semi-permeable membrane to 

sample free amino acids and other electrolytes in the extracellular fluid of brain and blood 

plasma of the dog (Kehr, 2006).  

In 1972 Delgado and his co-workers reported a construction of a “dialytrode” 

for monkeys, which was basically a push-pull cannula with a small (5 x 1 mm) 

polysulfone membrane bag glued on its tip.  The authors described some conceptual 

experiments, derived from the established protocols for push-pull experiments: 

infusing a compounds or labeled precursors into the brain and correlating these effects 

to brain electrical activity or to a degree of newly synthesized labeled compounds and 

sampling and subsequent analysis of endogenous compounds such as amino acids 

(Kehr, 2006).  

The microdialysis probe was finally succeeded and expanded byUngerstedt and 

Pycock (1974) to measure amphetamine-induced release of dopamine-like 

radioactivity after local prelabeling of brain tissue with tritiated dopamine perfused 

through a hollow fiber dialysis probe implanted into the rat striatum (Robinson and 
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Justice, 1991). Currently, the idea of inventing microdialysis was to mimic the 

function of blood vessels and achieve in situ sampling and sample clean-up. In normal 

practice, microdialysis is utilized to perform with a small sampling device – a probe – 

that contains a semipermeable membrane inserted into the liquid, solid or semisolid 

medium to be dialyzed (Torto et al., 2000). 

2.3.2. The microdialysisexperiment 

Microdialysis is known as a technique for sampling the chemical configuration 

and characteristics of the interstitial fluid of tissues and organs in animal and man. It 

has becomea standard techniques in physiological and pharmacological and 

environmental investigations with over 8000 scientific published papers (Ungerstedt, 

1991). The classic dialysis using semipermeable membranes has been used for decades 

targeted to remove salts and lower molecular weight solutes from aqueous solution and 

the versatility of microdialysis sampling has resulted in its various applications. 

Progress of the technique’s development has been diffused somewhat by the arbitrary 

classification of the microdialysis experiment as either in-vivo orin-vitro. The success 

of a microdialysis experiment depends on the selection of sampling mode which can 

be sampling with either continuous flow or discrete flow (Torto et al., 2001). 

According to microdialysistheory;with different resistances that dialysate encountered 

by diffusing through the perm-selective membrane in various environments can affect 

the overall results (Beveniste et al., 1990). So, the choice of the microdialysis probe 

components, particularly the probe design and the membrane, are important for the 

success of the microdialysis experiment. In the view of Bungay and his colleaguesthey 

have revealed that data gained after microdialysis sampling can be treated in both 

qualitatively and quantitatively (Bungay et al., 1990) (Torto et al., 1997). A 
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comparison between analyte concentrations to sampled concentration after dialysis is 

called the extraction fraction (EF) as sorted below:  

Exp [- ]        (1) 

Where Cd is the concentration of the detected analyte which has diffused 

through the microdialysis membrane; Cb is the concentration of analyte in the sample 

solution in the instance of in Vitro experiment; Qd is the perfusion flow rate and Rd, 

Rmand Rext are the resistances to the dialysate.  

In another hand, EF is more popularly known as relative recovery (RR), as 

formulated in equation below. 

(2) 

According to the mass transfer model defined by Bungay (Bungay et al., 1990) 

equation (1) can be linearized by plotting –ln(1 – EF) against 1/Qd to evaluate the 

permeability factor and to check the validity of equation (1). It is common to see 

reports in literature in which the EF is greater than 1 (Torto, 2009). These data 

demonstrate the non-ideal behavior wherein ultrafiltration effects and other parameters 

indeterminate by equation (1) can run a remarkable role in identifying the value of the 

EF. The microdialysis model, as predicted, displays a straight line for all data points if 

the steady state is met (Torto et al., 2001). The permeability factor [1/(Rm+Rd)] is 

assessed from the slope of the linear regression of the plot. Because Rmis much greater 

than Rd for microdialysis membrane to the transport, the permeability factor is 

generally mirrored by the resistance of the membrane to the transport of analytes. 
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2.3.3. The Microdialysis membrane 

In microdialysis experiment, the perm-selective membrane is reported as a 

mostly important part of microdialysis device. In order to get not only higher relative 

recovery (RR) but also compatible with complex matric conditions, pH and 

temperature, analysts must examine a number of commercially available hollow-fiber 

membrane with different surface morphologies, molecular weight cut-off and material 

of constructions. The permeable membranes of an implanted microdialysis device are 

mainly made of nanoporous materials constructed from polycarbonate, regenerated 

cellulose, polyethersulfore, or polysulfone (Chuang et al., 2014). All such membranes 

are projected to satisfy modern-day pH and temperature variation at where a 

membrane’s chemical and morphological surfaces will affect its performance, 

functions, temporal resolution and reusability. According to Torto and his co-workers, 

the compatibly selected membranes can be used to efficiently achieve a sample from 

high-temperature bioprocesses (Torto, 1997). 

Researchers, recently, have paid attentions at various hydrophilic polymers 

comprising polyethylence glycol, dextran polyglucose, and ethoxylated cellulose to 

validate the extraction of non-specific protein and particle adsorptions at surface 

(Norde et al., 1998) wherein polyethylene glycol has been successfully studied as 

possible jointing materials in order to decline protein interactions.  

2.3.4. Applicability 

• Psychopharmacology 

 Mechanisms of drug action on release, uptake and interaction among 

neurotransmitters and neuromodulators represent the classical application field for 

microdialysis. Neurochemical correlates to different models of mental disorder, 
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behavioral and cognitive functions can be studied in chronically inserted freely 

moving animal (Microdialysis group, 2009). 

• Neuropathology and cancer research 

Microdialysi is known as an excellent tool for monitoring the compounds 

proposed as markers of brain injury. Neurodegenerative diseases, such as ischaemia, 

hypoglycemia and epilepsy, as well as, process related to neuronal plasticity, 

regeneration, and nuerotransplantation or tumor growth have been clarified by 

microdialysis (Microdialysis group, 2009). 

• Pharmacokinetics and toxicity 

 Microdialysis device can be instantaneously implanted in several organs 

including blood of the same animal. Distribution and time course of free drug 

concentration are experimented in vivo. Pharmacokinetic data can be computed using 

theoretical compartment models (Microdialysis group, 2009). 

• Physiology 

 Physiological stimuli such as physical exercise, nutrition or stress alter anabolic 

and catabolic phases of cell biochemistry in peripheral tissues, for example, muscle, fat. 

Also, Scientists can use microdialysis data to serve as a cumulative index of treatment-

induced metabolic changes over the long time periods in living organs such as human, 

animals or event plants (Microdialysis group, 2009). 

• Environmental study 

 One of the accessible applications of microdialysis in environmental 

monitoring is liquid and solid samples in which various kinds of membrane as well as 

cannula microdialyser is analyzed and appropriated for each feature of studied 

environment.  
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� In liquid sample: 

The microdialyseris directly inserted into freshwaters (for instance,rivers, lakes 

or seas) or industrial wastewater treatment for sample-processing purposes. 

Mechanical stress over the active area of the membrane from particulate matter in the 

medium is readily avoided via protective filters. The first attempt of utilizing 

microdialysis as an automatic sample pre-treatment technique in environmental 

aqueous samples was conducted by Torto and his co-workers in 2002 at where they 

assessed the capabilities of costumed concentric device for sampling oligosaccharides 

from a septic tank of a brewery with a complexity equivalent to that of a domestic 

sewer (Míro et al., 2005). The analytical application, however, included only 

qualitative characterization of the industrial sewages. 

Although microdialysis was popularized in that paper for monitoring 

concentration changes of target analytes, further articles illustrated the potential of the 

membrane–barrier-separation technique for quantitative analysis of wastewaters. 

Additionally, Jen and his co-workershave measured the advantage of the on-line 

coupling of microdialysis with HPLC for the determination of anthropogenic organic 

compounds with low molecular weight (named as aromatic amines) in polymer 

industrial sewages (Jen et al., 2001). The dominant characteristic of the linear 

microdialyser assembled was the capability of operating under a round-equilibrium 

phase at considerably high perfusion rates. The assessor, unfortunately, did not 

categorize the effective membrane dialysis length, so the analytical performance of the 

slow systems cannot be stringently compared with that of other reported 

configurations. Furthermore, such research group has recently minded a similar 
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hollow-fiber arrangement interfaced to liquid chromatography for the determination of 

active components in plant extracts (Chiu et al., 2004). 

Membrane-based differentiation unit fulfilled in a rate-flowed injection 

manifold and coupled to ion chromatography exploited for the identification of soluble 

inorganic anions, which were evaluated by resorting to a closed-loop design, to allow 

for a halted recipient solution. It, however, should be stressed that the separation 

process included are both dialysis and ultrafiltration as a consequence of the 

morphological characteristics of the dialysis membrane differences. For instance, 

membrane parameters 0.2 µm pore size, 100 kDa MWCO differs from those of 

homogeneous membranes which parameter less than 10 µm pore size, <30 kDa 

MWCO popularly utilized in dialysis and microdialysis assays. 

The suitability of annular-type microdialysers for sampling metal ions from 

beverage wastewaters, as an essential step in wastewater-quality monitoring, was 

conducted by Torto and colleagues (Torto et al., 2002). Specifically, the noticeable 

point of their study is the thorough survey of the influence of membrane variables, for 

example material and MWCO, as well as the nature of the perfusion liquid on the 

diffusive flux of metal ions. The evaluation of short-chain peptides such as poly-L-

aspartic acid and poly-L- histidine labeled as selective and effective binding agents to 

promote the dialysis yields of metal ions which has been also demonstrated (Mogopodi 

and Torto, 2003). In this study, the authors concentrated on analytical performance of 

microdialysis as a sampling method, however there was no discussion on the on-line 

measurements. 

 The on-line hyphenation of microdialysis with atomic spectrometric detectors 

have opened another measurements for continuous monitoring of trace metals from 
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complex matrixes with improved temporal resolution at where some successful 

researches have confirmed those statements (Jimoh, 2006). 

� In Solid samples: 

The researcher mentioned some difficulties taking place as the implantation of 

small microdialyser into solid or semi-solid medium was not as smooth as was 

presented above in aqueous sampling due to differences structures and properties 

compared to liquid. These problems associated with mechanical strain over the 

semipermeable membrane remaining a challenge to be faced by environmental and 

soil researchers. According to M. Miró, soft plant tissues can be regarded as 

appropriated solid media for microdialysis sampling, since no additional 

considerations on probe stability should be taken into account. Concentric 

microdialysis probe, therefor, has been directly implanted into ripe tomato fruits 

grown from sewage serving for assessment of metal uptake in plants (Míro and 

Frenzel, 2005). Dialyzable concentrations were detected after sample harvesting and 

pre-treatment. From an environmental points of view, the analysis of in vivo 

experiments based on the permanent stableness of the probe to the living plant tissues 

are more attractive because concentration of analytes changed which might be 

controlled in near future. 

We consider the applicability of microdialysis in soil science at wherein situ 

microdialysis used to eliminate common preliminary operations which were integrated 

with batch analysis, for instance grab sampling, drying, sieving and grinding of 

collected samples, and carry out valuable simultaneous information on the dynamics of 

transportation and the transfer of relevant matrixes such as metal ions at the interface 

between soil and tree roots where the minimum disturbance of the natural 
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environmental detected (Míro and Frenzel, 2005). Commercial or costumed concentric 

dialysers are adaptable to solid objects only by tailoring a rigid, water-permeable, 

hollow fiber to the flexible end of the probe in a tube-in-tube configuration and the 

flow rate of perfusion was reportedly set up to maintain the flow of leaching solution 

such as mild, acid, or chelating extractants.  

2.3.5. Researchsituation of microdialysis devices 

As above mentioned, there are thousands microdialysis-related papers 

published; its new applications and potentials were carried out marking the continuous 

development of microdialysis probe. Such appreciated articles we would like to refer 

here is that by the year 1994, Liu and his co-workers has evaluated the possibility of 

an experimental model combining microdialysis with electrophysiology, histology and 

neurochemistry for studying excitotoxicity in spinal cord injury in which they assessed 

the damage effect caused by the agonists of glutamate receptors, N-methyl-D-aspartate 

(NMDA) and Kainate, in the spinal cord in-vivothereby the assessment of the further 

model utility was implemented (Liu, 1994). Microdialysis was utilized to monitor the 

toxins and to sample the reaction of other substances in response to these agents. The 

authors stated that the blockage of electrical conduction was controlled by recording 

the amplitudes of evoked possibilities during the operation of damaging substances 

and the damage, reportedly, was assessed by postmortem histological examination. 

Furthermore, the released amino acids in microdialysates were measured by HPLC. 

They have resulted the administration of 5mM NMDA + 5 mM kainite into the gray 

matters blocked most postsynaptic responses and caused the release of amino acids 

and more importantly the administration of 10 mMNMDA and 10 mM kainite 

remarkably destroyed cells bodies near fiber. However, the authors have released the 
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potential advantages of this model is historical, neurochemical and 

electrophysiological parameters which could be easily obtained in the same 

experiment procedures. 

 In 2001, Nelson Torto, Jonas Mwatseteza, and Gerald Sawulapublished a 

scientific paper of using microdialysis sampling of metal ions. In their study, they 

conducted a research investigating the extraction fraction (EF) of metal ions Cd, Cr, 

Cu, Ni and Pb which sampled by micordialysis from a quiescent aqueous solution 

(Torto et al., 2000). Further on, a concentric microdialysis equipped with either one of 

two polysulfone membranes supplied by different manufacturers was utilized to 

evaluate EF and dependency of on membrane cut-off as well as membrane material to 

metal dialyzing. The result showed that, using the polysulfone membrane, Cr 

witnessed the highest EF and Pb had the lowest at 0.1 while the polyethersulfone 

membrane achieved an EF of 0.95 for Ni and the lowest EF value was for Cu at 0.35. 

 In 2004, Urban Ungerstedt and colleagues have summarized the literature on 

microdialysis on neurointensivecare; they emphasized the use and interpretation of 

bedside microdialysis in clinical practice. Based on these studies, the authors have left out 

several excellent researches on clinical findings that are not applicable in routine intensive 

care yet. Also, they attempted to highlight those realities where the unanimous agreements 

on findings as well as interpretation were presented. In detail, the study showed that the 

lactate/pyruvate ratio is a well-known marker of changes in the redox state of cells caused 

by ischemia Glycerol is an integral component of cell membranes. Loss of energy due to 

ischemia eventually leads to an influx of calcium and a decomposition of cell membranes 

that liberates glycerol into the interstitial fluid. Thus, the lactate/pyruvate ratio and 

glycerol have become the most important markers of ischemia and cell membrane 
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damages. While the principle insult at the site of the accident is beyond our controllability, 

secondary insult during the intensive care should be avoided (Ungerstedt and Rostami, 

2004). Therefor, the single most important finding from the microdialysis study is the 

dramatic differencein the vulnerability of the penumbra surrounding a lesion as compared 

to normal brain tissues, which allow early detection of secondary insults after traumatic 

brain injury. 

 Similarly, in biomedical, Cheng-Kuan Su and his co-workersused microdialysis 

device in studying the improvement of the temporal resolving power of in-vivo trace brain 

metal monitoring system by 2013 (Cheng et al., 2014). In this paper, they described a novel 

analytical configuration combining the dual functions of online segmentation of the rat brain 

microdialysate and parallel solid phase extraction (SPE) of multiple segmented samples. In 

contrast to traditional SPE procedures, in this study the three pumped media - the buffered rat 

brain microdialysate, the eluent, and the air stream – were converted to a series of segmented 

streams through the manipulation of a flow-through stream selector. Furthermore,Chistopher 

J. Watson and his co-workerssuccessfully applied microdialysis characterizes in brain 

studying to interpret chemical changes in the brain caused by pharmacological and sensory 

inputs and gain new insights into a wide range of brain functions (Watson et al., 2006).In 

words, they proved given measurements allow researches to investigate how the intact 

network regulates neurotransmission and how behavior correlates to brain chemistry by using 

and comparing different methodologies in study. 
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PART III. METHODS 

3.1. Reagents 

Stock solutions of glucose 0.1mM obtained by diluting 15µL Glucose in 

1485µL Sodium chloride 0.9% in concentration (NaCl 0.9%), glucose Oxidize was 

concentrated at 30 units. Similarly, catalyst horseradish peroxidase (HRP) and dye 

AmplexUltraRed (AUR) also diluted to prepare their concentration as 0.64 unit and 

60µM respectively from their initial concentration. 

3.2. Equipments 

3.2.1. MiiCraft 3D printer 

The MiiCraft 3D printer has been specifically developed as a well made robust 

unit to overcome the limitation of low-cost, deposition-based 3D printers. It offers a 

new paradigm at the entry-level by virtue of the factbased on the Stereolithography 

technology using Pico DLP projectors-providing high resolution parts. MiiCraft 3D 

printer considers as a fraction of the cost of comparable machines.  

 

Figure 3.1. MiiCraft 3D printer sets a new standard in terms of price and performance 

within the 3D printing sector and offers the market community, education institution. 

Also, with a minimum layer thickness of 50 micron, this machine produces stunning, 

high-resolution part fraction. 
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In this case, we used this printer to print the sample 3D microdialysis sketched 

by Solidwork software. About its dimension which is listed above, we tried to partially 

mimic the commercial device’s dimension to obtain closely the efficiency which is known as 

relative recovery of commercial probes’. Additionally, a semi-membrane is attached between 

the tip of inner shaft and the outer shaft. 

3.2.2. Infinite® 200 PRO – TECAN (96 well plate reader) 

The Infinite 200 PRO accordingly knows as a user-friendly and affordable 

multimode reader. It designed to serve the needs of today’s applications. The 96 well 

plate readers, based on the highly successful infinite 200 series of microplate reader, 

can provide a full domain of detective techniques and methods. Currently, such 

equipment popularizes as an essential machines for micro-analytical studies. 

 

Figure3.2.Infinite® 200 Pro – TECAN (sometimes called 96 well plate reader) used to 

detect dyed signals from chemical reactions or others assessment. 

 For the determination of glucose fluorescence or final concentration of 

collected samples of glucose through flowing into commercial and 3D-printed 

microdialysis, a fluorescence microplate reader, infinite® 200- TECAN with 96-well 
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microplates have been introduced wherein the Amplex®Red reagent, in combination 

with Horseradish peroxidase (HRP), was used to detect H2O2 (catalog no. 

A22188)released from reaction of glucose and glucose oxidizes. The dye AUR 

functions as a supporter of fluorescence detections because it strengthens signals of 

hydro peroxide H2O2 by dyeing them.  

3.3. Procedure of 3D-printed validation 

3.3.1. Chemical prepared 

To validate the possibility of 3D-printed microdialysis probe we needed to 

inadvance prepare a numbers of chemical essential for intended experiment as well as 

detection as listed following: 

• 10 to 15 ml of perfusion 0.9% NaCl 

• 2ml of Glucose 0.1 mM 

• Glucose oxidize 10mM  

• Catalyst and dye (AUR and HRP) 

3.3.2. Procedures of microdialysis validation 

The testing assay would be done through the perfusionNaCl 0.9% was fully 

filled 2 ml injector, then, pumped into membrane through inlet tubing with identified 

flow rates. In this assay, we decided to setmicrodialysis probe suffered 4 different flow 

rate which are 0.5µL, 1µL, 1.5µL and2µL in tern. Later on, the pumped fluid past the 

active area of the dialysis membrane, and then flows the outlet of probe. Note that, the 

microdialysis membrane must be soaked in 1500 mL glucose which was created by 

diluting 15µL glucose 10mM into 1485µLNaCl 0.9%. The amount of perfusion 

suggested to stably maintaining at 0.3mL. During process, as 0.9% NaCl passes by the 

dialysis membrane, a concentration gradient was established across the membrane 
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causing higher pressure inside membrane compared extracellular space, so that, the 

NaCl molecules tended to escape membrane. Inversely, when NaCl molecules escaped 

membrane causing lower pressure which leads glucose molecular passes backward 

membrane from extracellular space. Only compound or molecules, however, below the 

molecular0weight cutoff of the membrane can diffuse through membrane pores 

(Watson et al., 2006). After finishing the flows, sample of glucose collected in a clean 

eppendoft serving for later analysis by microplate reader instrument.  

 

 

 

 

 

 

 

 

 

Figure 3.3. The microdialysis’s dialyzing process is illustrated in the above image. 

Perfusion contained in injector and then pumped into probe through inlet, the perfusion 

after passed active area of membrane will escape into another beaker by outlet tubing 

 Note that, validating both efficiency of commercial and 3D-printed microdialysis 

device, so we can similarly repeat this process for commercial probe for subsequent 

comparisons. In addition, this validated experiment should be implemented in silence and 

room temperature conditions, avoiding collision and outside factor impact to the flow rates 

of perfusion, to obtain the most creditable results as possible.  

 



Bachelor thesis 

 

Huy Van Duong - K42 AEP  25 

PART IV. RESULTS 

4.1. Technical information of 3D-printed microdialysis probe 

The CMA 20 Elite Microdialysis Probe, in this study, was chosen as a qualified 

and comparable device whose parameters were mimicked for the technical dimension of 

3D-printed microdialysis device. So the technical dimension exactly computed during 

sketching on Solidwork. In this case, we sketched differently the shape and formation of 

3D-printed compared to CMA 20 Elite probe. 

 

Figure 4.1. 3D sketch of microdialysis in 4 direction views on Solidwork display 

• Technical information of 3D-printed microdialysis device 

- Membrane material:  Polyarylethersulfone 

- Membrane molecular cut off: 20 000 Daltons 

- Membrane length: 4mm 

- Length inlet and outlet tubes: 200 mm 

- Total Probe Length: 24 mm 

- Outer diameter of probe shaft:  1.20 mm 
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- Outer diameter of probe membrane: 0.5 mm 

- Inner diameter of probe shaft:  0.85 mm 

      

 

Figure 4.2. 3D-printed microdialysis a) and commercial MD probe b) with membrane. 

 However, these technical parameters of 3D-printed device differed partially 

from introduced information. In detail, the outer diameter of probe shaft was 

noticeably enlarged to fit the membrane insertion and eased for printing process due to 

the internal surface of probe’s shaft was not as smooth as causing hard to insert 

membrane. Also, the outer diameter of introduced probe shaft was 0.77 mm while 3D-

printed device’s has set at 1.20 mm because of reducing the weakness of 3D-printed 

plastic shaft. As a result; the inner diameter of shaft was greater than at 0.85 mm to fit 

the membrane insertion. The inlet tubing used for 3D-printed microdialysis device was 

peek tub (NAT) with dimension of 0.025x0.20x5’ whereas the outlet tubing was the 

same as introduced devices’. 

4.2. Fluorescence of glucose 

As mentioned in previous reports, the relative recovery of microdialysis device 

is not affected by the concentration of dialysate under the investigation(Torto et al., 

2000).The complexity of the matrix does not disturb significantly the extraction 

a)                                                                    b) 
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fraction. So in this circumstance, we established the concentration of dialysate was 

0.1mM glucose diluted in 0.9% NaCl and then, the collected samples was analyzed by 

fluorescence microplate reader. 

 

 

 

 

 

 

 

 

Figure 4.3. The fluorescence signal of different glucose concentration of 3D-printed and 

introduced probes was detected at flow rate 0.5µL.min
-1 

(a) and 1.0µL.min
-1

 (b). Blank 

item means no glucose presence; 3D-printed device’s glucose was the glucose 

concentration after dialyzing by 3D-printed microdialysis, similarly, commercial probe’s 

glucose presented the amount of glucose which underwent dialyzing by commercial 

probe, and Glucose 0.1mM prepared by diluting glucose10mM into 0.9%NaCl solution. 

 In detail, figure 1 demonstrates the fluorescence index of glucose 

concentration in sample solution at flow rate 0.5 and 1.0µL.min-1, higher fluorescence 

means greater concentration of glucose. Generally, the signal of glucose 0.1mM, at 

flow rate 0.5µL.min-1 (figure 1a),was the highest value which varied roundly 20,000 

and tended downward while those of introduced probe increased from 6131 to 9678 

approximately, and a half less than was seen in the fluorescence of detected sample of 

3D-printed device over the investigative time at where it went up to 5799 units. 

Similarly, we considered these data in 1µL.min-1 (figure 1b) wherein the fluorescence 

a) 
b) 
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of 0.1mM glucose was still unchanged; those figures in 3D-printed and commercial 

devices were remarkably increased from1387 to 3716 and from 2400 to 8600. 

Explanation for those data is that once the peroxidase appeared (product of glucose 

and glucose oxidize), the Amplex® Red reagent (AUR) reacts with H2O2 in a 1:1 ratio 

to produce the red-fluorescent oxidation product  which will be recorded by microplate 

reader under the excitation and emission wavelength of 535 and 590 respectively. 

 

 

 

 

 

 

 

Figure 4.4. The fluorescence index of glucose concentration of different devices was at 

different flow rate, 1.5µL.min
-1

(a) and 2.0µL.min
-1

(b). 

 The fluorescence signal of dialysate, in fact, declines upon flow rate of perfusion 

rise. In figure 2a, therefor, the fluorescence at flow rate 1.5µL.min-1was greater than those in 

figure 2b which was obtained by detecting glucose concentration in flow rate 2µL.min-1. In 

detail, the fluorescence of glucose of 3D-printed device was found between 1400 and 3500 

while those values of commercial probe recorded nearly twice higher than, it started at 

about 2400 then increased till 6900 units. In the same way, the fluorescence of glucose of 

3D probe was gone up from 900 to 2500 units and increasing from 1400 to 5000 units was 

illustrated in the fluorescence index of glucose of standard probe in flow rate 2.0µL.min-1 of 

perfusion. 
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4.3. Relative recovery 

The microdialysis generally knows as applicable to solutes that do not form 

complexes in solutions. This is because the relative recovery only reflects the freely 

diffusing analytes that can pass through the permi-selective microdialysis membrane. 

Theoretically, the relative recovery (RR) is a proportion of the analytes in the sample 

solution, compared those that are detected after sampling with a microdialysis device 

as shown in below equation. 

 

The feasibility of applying microdialysis sampling is routinely identified by the 

RR obtained for the analytes of interest. Greater RR is always expectable in every case 

of experiments; even it does not require very sensitive analyte detection as compared 

to lower RR. Since the relative recovery increases its efficiencies by reducing the time 

of analysis, higher relative recovery rates are essential once lowering flow rates. In 

addition, different perfusion and sample concentration will result different relative 

recovery of device. The results discussed here is the comparison of 3D-printed to 

commercial microdialysis device.From above-mentioned fluorescence of glucose 

concentration of 3D-printed and commercial probe, we were able to compute the 

relationship between relative recoveries (RR) and flow rate as shown in figure below. 
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Figure 4.5. Comparison and dependence of relative recovery (RR) on different flow rate 

of perfusing solution for a commercially available and 3D-printed microdialysis. 

 The possibility validation of 3D-printed microdialysis was in parallel 

implemented by the same assay, times and instruments to available probe, so that we 

could objectively evaluate the opportunity of 3D-printed device. The trend in Fig. 4, 

obviously, shows a decrease in RR with an increase in flow rate of perfusion for two 

devices investigated wherein the 3D-prrited device’s relative recovery was nearly50% 

lower than those figures of compared probe. In detail, the relative recovery (RR) of 

commercial device, presented in figure 4, at 0.5µL.min-1 of flow rate, results at around 

42%, those values decline to 34%, 28% and 21% approxi corresponding to perfusion 

rate increased at 1µL, 1.5µL and 2.0µL.min-1 respectively. For 3D-printed device’s 

efficiency, its RR reached about 20%, 15.5%, 13% and 11% equivalent to flow rate 

went down. 
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PART V. DISCUSSION AND CONCLUSION 

5.1. Discussion 

The assessment of capability of 3D-printed microdialysiswhich is hopefully able to 

substitute, in future,commercial microdialysis has shown a positive prospects about 3D-

printing devices even when its working efficiency has not reached desired standards yet. 

In this case, the relative recovery of 3D-printed probe has been clearly demonstrated; it 

has workedeven its relative recovery (RR) was noticeably lower than the introduced 

device’s after validation process. The reasons that cause lower RR of 3D-printed probe 

addressed as membrane cutoff, inlet tubing’s dimension and materials. Predictably, the 

RR of 3D-printed microdialysis device would be closer to those of introduced probe if 

using the same parts and components or as long as improving its extraction fraction 

through careful calibrations and resolve those difficulties we have met in this progress. 

This investigation, however, hasmarked anaccessible development of 3D-

printed microdialysis in the near future; opened a new bright future for manufacturing 

scientific equipment to reduce costs and expenses in scientific researches. In 

particularly, in environmental study, the perfusion liquid may use for the separation, 

modification of the outer microenvironment in term of predicting solid and liquid 

sample’s pollution and metal mobility during natural and accidental occurrences. 

5.2. Conclusion 

The relative recovery (RR) of 3D-printed microdialysis wasquiet lower than the 

expectation, approximately 50% compared to commercial ones, meaning that it might 

not be able to apply to scientific researches and replace commercial ones. In details, the 

extraction fraction of 3D-printed microdialysis device was 0.23, 0.15, 0.14 and 0.11 

corresponding with flow rates of 0.5µL, 1.0µL, 1.5µL and 2.0µL respectively. Further, the 
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ununiform of inner dimension of probe shaft and inlet tubing’s dimension and materials as 

well cause lower extraction fraction of 3D-printed probe.However, this result has not shown 

that the capability of 3D printermicrodialysis device was impossible because this study 

targeted objectively the primary evaluation of 3D-printed microdialysis tailoring with a short 

time conducted, so in substantial studies, the calibration of 3D-printed microdialysis should 

carefully implement in order to increase the relative recovery of the device. 
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