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While neurons and glial cells both play significant roles in the development and

therapy of schizophrenia, their specific contributions are difficult to differentiate

because the methods used to separate neurons and glial cells are ineffective and

inefficient. In this study, we reported a high-throughput microfluidic platform based

on the inertial microfluidic technique to rapidly and continuously separate neurons

and glial cells from dissected brain tissues. The optimal working condition for an

inertial biochip was investigated and evaluated by measuring its separation under

different flow rates. Purified and enriched neurons in a primary neuron culture were

verified by confocal immunofluorescence imaging, and neurons performed neurite

growth after separation, indicating the feasibility and biocompatibility of an inertial

separation. Phencyclidine disturbed the neuroplasticity and neuron metabolism in

the separated and the unseparated neurons, with no significant difference. Apart

from isolating the neurons, purified and enriched viable glial cells were collected

simultaneously. This work demonstrates that an inertial microchip can provide a

label-free, high throughput, and harmless tool to separate neurological primary

cells. Published by AIP Publishing. [http://dx.doi.org/10.1063/1.4949770]

I. INTRODUCTION

Schizophrenia is a globally challenging brain disorder that affects about 0.5%–1% of the

general population.1 People diagnosed with schizophrenia suffer from hallucinations, delusions,

thought disorders, and cognitive deficits.2 Previous neuropathological studies suggested that

serious deficits in the neuronal processes and neuronal synaptic connectivity contribute to schiz-

ophrenia,3 which is why the role of neurons in brain regions is of high interest in investigating

cognitive and affective impairments in schizophrenia. One huge challenge is to separate neurons

from complex cell mixtures dissected from brain tissues because the primary neuron culture is

a widely applied experimental method for isolating neurons that closely mimics the physiologi-

cal status of neurons in vivo. However, the traditional method makes it difficult to distinguish

neurons from glial cells that normally outnumber neurons in mammalian brain tissues.4

The traditional method for pure neuron and pure glial cell cultures is a medium-based pro-

cedure where a NeuroBasal medium with FDU (5-Fluoro-20-deoxyuridine) to inhibit glial cells

for long term incubation is widely used.5–7 However, this method needs long term incubation

with chemical treatment, which is a huge waste of time and experimental materials.

Meanwhile, Dulbecco’s Modified Eagle’s Medium (DMEM) is the most commonly used me-

dium for glial cell culture or non-neuron cell culture.5,8,9 Some studies have suggested that
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DMEM may also be suitable for primary neuron culture,10 and therefore separating neuron and

glial cells by the traditional medium-based methods is difficult and inefficient.

Apart from medium-based separation methods, immune-specific separation is significant in

neuron-related research. The fluorescence-activated cell sorting (FACS) and magnetically acti-

vated cell sorting (MACS) have been broadly applied in a biological laboratory for sorting

cells.11 However, labelling target cells requires several time consuming and labour intensive

steps, and more importantly, applying antibodies to label cells for separation may further dis-

turb the immunochemistry analysis on targets of interest. Microfluidic technology has increas-

ingly become a versatile tool to control the neuronal microenvironment precisely whilst selec-

tively probing for axons of neurons in a reproducible fashion.12–14 Dielectrophoresis (DEP) that

distinguishes cells by their dielectric properties is a label-free technique for neuronal and glial

cells separation. Prasad et al.15 presented a 4� 4 micro-electrode array microchip to isolate and

relocate individual neurons from hippocampal cells using DEP. Zhou et al.16 recently described

the separation of embryonic mouse hippocampal neurons from a co-culture of glial cells using

multi-electrode arrays, but these devices require a low conductivity DEP buffer, which is not

bio-compatible. Furthermore, these devices normally run in a batch manner and with a very

limited throughput. Apart from DEP, Wu et al.17 also reported on the application of viscoelas-

ticity tuned hydrodynamic spreading on neural cell separation where the microfluidic device

works in a continuous and label free manner. Their device could achieve high viability neural

cell separation independent of medium dielectric properties. However, the flow rate (20 ll/h)

and the throughput (3� 104 cells/h) are still not satisfactory, and therefore need further

improvement.

There is an urgent need for a high-throughput technique that can continuously separate neu-

rons and glial cells in a culture medium to bridge this gap for neuroscience. Inertial microflui-

dics is a very promising candidate due to its high throughput and simple structure, as well as

being independent of the conductivity of the medium, and compatible with the cell culture me-

dium. It has been widely used to extract blood plasma,18,19 isolate circulating tumour cells

(CTCs),20–22 and separate leukocytes from blood.23

We therefore propose to use the inertial microfluidic technique to separate hypothalamic neu-

rons and glial cells. Recent studies have revealed a hypothalamic structural abnormality and alter-

nating neuropeptides in schizophrenia,24–26 indicating that the hypothalamus may have a role in

schizophrenia pathology and treatment. Compared with conventional protocol that isolates hypo-

thalamic neurons at the expense of the apoptosis of glial cells using specific chemicals, this inertial

microchip can simultaneously collect purified viable neurons and glial cells in a label-free, rapid,

and continuous fashion, which shortens and simplifies the cell preparation process.

II. METHODS AND MATERIALS

A. Overall workflow

Hypothalamic tissues were dissected from postnatal one day C57BL/6 mice (n¼ 6). Brain

tissues were then digested to collect cell suspensions that were then transferred into an inertial

microchip for separation. Cell suspensions were collected from the outlet middle and outlet

aside, respectively, and then immunostaining was performed to evaluate the separation perform-

ance. In addition, cells collected from the outlet middle were also plated into poly-D-lysine-

coated coverslips in a 24-well plate in culture medium and maintained at 37 �C with 5% CO2

(Fig. 1(a)).

B. Mechanism

The inertial separation of neuron and glial cells in a serpentine channel is based on our pre-

vious study regarding differential equilibrium positions in the serpentine channel for different

sized micro-particles.27 Three inertial effects (or forces) are exerted onto micro-particles flow-

ing in a serpentine channel: the inertial lift forces, secondary flow drag, and centrifugal force.28

When the medium density is very close to the particles, the effect of centrifugal force is
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negligible because the inertial lift forces focus cells towards the two sidewalls, while secondary

flow in the serpentine channel with alternating curvature pinches cells into the centre of the

channel. Therefore, the final focusing position of cells is determined by the relative strength of

the inertial lift forces and the secondary flow drag; large cells experiencing a much stronger

secondary flow drag force are prone to migrate into the centre of the microchannel under a cer-

tain flow region, whilst small cells are mostly focused near the two sidewalls because they ex-

perience much stronger inertial lift forces than the secondary flow drag. A previous study based

on human post mortem tissue indicated that the somas of neuronal cells are 4.7–22.4 lm in di-

ameter, while the somas of glial cells are only 2.6–8.7 lm in diameter.29 Although there is a

size overlap (4.7–8.7 lm) between these two kinds of cells, there is a significant difference in

size between neurons and glial cells, so by selecting a suitable flow condition, neuronal cells

experience a dominant secondary flow drag and can be focused at the centre of the serpentine

channel. Moreover, glial cells simultaneously experience a dominant inertial lift force and focus

at the two sidewalls, and therefore neurons and glial cells can be separated efficiently by col-

lecting the corresponding particle streams, as shown schematically in Fig. 1(b).

FIG. 1. (a) Overall workflow of the device, including the dissection of mouse pups, trypsinization of mouse brains, injec-

tion of cells into the inertial microchip, and culturing separated cells for various downstream immunostaining and PCP

tests. (b) Schematics of inertial separation of neuron and glial cells in the inertial microchip with a symmetrical serpentine

channel. Large neuron cells migrate into the outlet middle, while most of the smaller glial cells are collected in the outlet

aside.
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C. Design and fabrication

The serpentine channel used in our experiments consists of 15 zigzag periods; the channel

has a uniform 42 lm depth, and the length and width of each U-turn are 700 lm. The micro-

channel is 200 lm wide. A trifurcating outlet at the end of the channel is implemented at the

end of the serpentine channel. Two-sided symmetrical bifurcations are combined into a single

outlet to simplify the collection of two-sided streams. The microfluidic device was fabricated

by the standard photolithography and soft lithography techniques.30

D. Device preparation

Prior to these cell experiments, the device was rinsed with phosphate buffered saline (PBS)

at 100 ll/min for 10 min using a syringe pump (Legato 100, Kd Scientific), after which the

devices were sterilised through exposure to UV light for 30 min.

E. Cell separation

Hypothalamic cell cultures were prepared according to previous literature and protocols,5,6

and hypothalamic sections were dissected from postnatal one day C57BL/6 mice. Hypothalamic

tissues were digested and triturated to suspend cells in 7 ml culture medium. A 2 ml cell suspen-

sion was kept as an inlet group for comparison, while the other 5 ml hypothalamic cell suspen-

sion was infused into the inertial microchip to perform separations under different flow rates.

Separated cells were collected from the outlet middle and outlet aside, respectively, under three

typical flow rates to compare the separation performance. After determining the optimal flow

rate, cells separated from the optimal flow rate were used for further culture and tests. To eval-

uate separation performance, the purity of separation and the enrichment ratio were measured.

Separation purity is defined as the ratio of the number of target cells to the total number of

cells, while enrichment is defined as the concentration ratio between the target cells from the

outlet to the target cells from the inlet.

F. Mouse hypothalamic neuron culture

A culture medium was modified for neuron incubation based on the Johns Hopkins online

protocol;6 this culture medium generally consists of a NeuroBasal medium with an additive

B27 and extra glucose and glutamine. Cells from inlet and outlet middle were plated into poly-

D-lysine (P6407, Sigma-Aldrich) coated coverslips in a 24-well plate and maintained at 37 �C
with 5% CO2. To examine their rate of growth, neurons were collected after 10 days of incuba-

tion (DIV 10) for immunofluorescence and image analysis. To determine how well the cell

responded to phencyclidine (PCP) stimulations, neurons at DIV 10 were administered with

25 lM PCP (P3209, Sigma-Aldrich) for 3 h and 48 h and were then collected for immunofluo-

rescence and image analysis.

G. Immunofluorescence and image analysis

For immunofluorescence staining, cells from the outlet middle and outlet aside, as well as

further cultured neurons from the outlet middle, were fixed with 4% paraformaldehyde in

Dulbecco’s PBS for 30 min at room temperature. These samples were further incubated with

100% methanol for 20 min at �20 �C and then blocked with 5% goat serum in PBS for 1 h at

37 �C, and then anti-NeuN antibody (MAB377, Merck Millipore), anti-microtubule-associated

protein 2 (MAP2) antibody (M9942, Sigma-Aldrich), anti-glial fibrillary acidic protein (GFAP)

antibody (G9269, Sigma-Aldrich), and anti-brain derived neurotrophic factor (BDNF) antibody

(SC-20981, Santa-cruz) were applied overnight at 4 �C. GFAP and BDNF were visualised with

isotype-specific goat anti-rabbit IgG (HþL) secondary antibody conjugated with Alexa Fluor

488 (A11008, ThermoFisher). NeuN and MAP2 were visualised by goat anti-mouse IgG

(HþL) secondary antibody conjugated to Alexa Fluor 594 (A11004, ThermoFisher). The con-

centrations of antibodies were applied according to the manufacturers’ manuals. A confocal

034104-4 Jin et al. Biomicrofluidics 10, 034104 (2016)



microscope (Leica TCS SP5 Advanced System, Leica Microsystems) was used to obtain fluo-

rescent images of the stained cells, while software Image J with plugin NeuriteQuant31 was

used to quantify the immunoreactivity.

H. Statistical analysis

Data were analysed using the SPSS statistical package (SPSS.19, IBM). A two-tailed t test

was applied to analyse the separation of different flow rates, variations in cell concentration

between the inlet, outlet middle, and outlet aside, neuron enrichment and neuron purity from

the outlet middle, glial cell enrichment and glial cell purity from the outlet aside, and neurite

length and neurite branches. A one way analysis of variance (ANOVA) and the post-hoc
Tukey-Kramer honestly significant difference (HSD) test were used to study the response of

neurons to PCP stimulations. A p value <0.05 was regarded as statistically significant. The val-

ues in Fig. 2 were expressed as mean 6 SD, and the values in Figs. 3–5 were showed as mean

6 SEM.

III. RESULTS

A. The effect of flow rates on size-based cell separation

A digested cell suspension was processed under three typical flow conditions to investigate

how the flow rates affected the separation. The unprocessed cell suspension was taken as an

inlet (control) group. Cells from the inlet group and two outlet groups were counted in a hemo-

cytometer and their sizes were measured. Since the inlet group contained neuronal and glial

cells, the cell size distribution was quite broad. The average cell size was 7.4 lm, with a stand-

ard deviation of 3.2 lm (Table I). Fig. 2(a) and Table I show that most neuronal (MM) and

glial cells (MA) could be separated according to their size under a flow rate of 550 ll/min, a

flow condition in which a distinct size threshold of �6 lm could be interpreted. Cells that were

above this threshold were prone to be collected by the outlet middle collection (Fig. 2(a), MM);

their average size was 9.9 6 1.8 lm (Table I). Cells below this threshold were mostly collected

from the outlet aside (Fig. 2(b), MA), and they had mean sizes of 4.6 6 1.0 lm (Table I). Note

that a tiny part of the small cells was still inevitably collected in the outlet middle collection,

indicating the possible existence of glial cells. Although a perfectly pure collection of neurons

cannot be expected via this inertial microchip, a much purer neuron cell suspension could be

achieved, with most glial cells depleted.

However, for the high flow rate of 750 ll/min, even though there was a distinct threshold

for cell separation according to Fig. 2(a), the cell size distribution from middle collection (HM)

was rather large (8.9 6 2.5 lm; Table I), indicating that more glial cells had been collected

under this condition (Fig. 2(b)). Small cells tended to become defocused due to the mixing

effects of secondary flow under such a high flow speed and were distributed almost uniformly

along the width of the channel, and therefore a large part of glial cells were collected by the

outlet middle. At a low flow rate of 350 ll/min, the cells could not be separated according to

the size because the large and small cells were both focused along two sides of the channel and

collected by the outlet aside (Fig. 2, Table I, LA). Cells collected by the outlet middle were

those that had randomly escaped from the cell focusing streaks (Fig. 2, LM). Based on these

results, a moderate flow rate of 550 ll/min was chosen to separate the neuronal and glial cells

in the following tests. Cell suspensions were collected to perform immunofluorescence staining

to confirm the separation effect and then incubated for 10 days to examine neuron growth and

response to PCP stimulations.

B. Enriched and purified neurons and glial cells by inertial separation

Our optimization experiments suggested that a moderate flow rate (550 ll/min) was the

optimal working condition for separating cells, but for further confirmation, equal volumes (1

ml) of cells were collected from the inlet, outlet middle, and outlet aside for immunostaining

immediately after separation. An anti-NeuN antibody was applied to detect neurons and an
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anti-GFAP antibody was applied to stain astrocytes, which is the major cell type of glial cells.

The immunofluorescence results confirmed that most cells in outlet middle were neurons (Fig.

3(a)), with a purity as high as 92 6 1.5%; this was much higher than the 58 6 5.4% in the inlet

(Fig. 3(b)). In addition, the glial cells increased in purity from 36 6 5.2% in the inlet to

81 6 1.4% in the outlet aside (Fig. 3(c)), indicating much purer neuron and glial cells.

FIG. 2. Separation of neuronal and glial cells by an inertial microchip under three typical flow rates. (a) Size distribution of

cells from inlet (control, CL), and two collections from outlet middle (LM, MM, and HM) and outlet aside (LA, MA, and

HA) under three typical flow conditions. The first letter L, M, and H mean three different flow rates L (low, 350 ll/min), M

(moderate, 550 ll/min), and H (high, 750 ll/min). The second letter M and A indicates collection positions middle and

aside, respectively. Data represent mean 6 SD (n¼ 5). A two-tailed t test was applied. # p< 0.05, ### p< 0.001 repre-

sented outlet groups versus control group; ** p< 0.01, *** p< 0.001 was used between the outlet middle and outlet aside

in each flow rate group. (b) Images of cells from the inlet (control, CL), and two collections from the outlet middle and out-

let aside under the three flow conditions.
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Furthermore, the results showed a high level of total cell concentration (1.2� 106 cells/ml) in

the outlet middle; this is a 3.3-fold increase compared to a cell concentration of (3.6� 105

cells/ml) in the inlet (Fig. 3(d), indicating cell enrichment by separation. Considering the

enhanced purity of neurons from the inlet to outlet middle, neurons were enriched from

2.3� 105 cells/ml in the inlet to 1.07� 106 cells/ml in the outlet middle (Fig. 3(e)). For glial

cells, although the total cell concentration in the outlet aside (2.1� 105 cells/ml) is lower than

the inlet (Fig. 3(d)), the glial cell astrocytes were still enriched from 9.8� 104 cells/ml (inlet)

to 1.36� 105 cells/ml (outlet aside) due to higher purity in the outlet aside (Fig. 3(f)).

C. Influence of inertial separation on neuron growth

The features of neurons are the growth of neurites and synaptogenesis. After microfluidic

separation under a moderate flow rate, equal volumes (1 ml) of cells from the inlet (control)

FIG. 3. Inertial separation of neuronal and glial cells at the optimal flow condition (550 ll/min). (a) Cells collected from

the inlet, outlet middle, and outlet aside were stained by neuron marker NeuN (blue) and astrocyte marker GFAP (green) af-

ter separation. (b) Purity of neuronal cells in the inlet (control), outlet middle, and outlet aside. (c) Purity of glial cells in

the inlet (control), outlet middle, and outlet aside. (d) Concentrations of cells in the inlet, outlet middle, and outlet aside. (e)

Enrichment of concentrated neurons in the outlet middle. (f) Enrichment of glial cell astrocytes in the outlet aside. Data rep-

resent mean 6 SEM (n¼ 5, obtained from 5 independent cultures). A two-tailed t test was applied. * p< 0.05, ** p< 0.01,

*** p< 0.001.
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FIG. 4. Neurite growth of neuronal cells in the inlet (unprocessed) and outlet middle after inertial separation. (a)

Fluorescent images of neurite growth of neurons in the inlet and outlet middle after inertial separation. Neurons collected

from the inlet and outlet middle were stained by structural protein marker MAP2 (red) to label neurite synapses and den-

drites. (b–c) There is no difference in the length and branches of neurites per cell in the inlet and outlet middle groups.

Data represent the mean 6 SEM (n¼ 5, obtained from 5 independent cultures). A two-tailed t test was applied, and there

was no statistical difference between the two groups.

FIG. 5. BDNF expressions were inhibited in neurons from the inlet and outlet middle after treatment with PCP. There are

no differences in the responses to PCP stimulations for neurons at the inlet and outlet middle. Data represent mean 6 SEM

(n¼ 5, obtained from 5 independent cultures). Significance was calculated by ANOVA and the post-hoc Tukey-Kramer

HSD test. * p< 0.05, ** p< 0.01 versus control (without PCP).
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and outlet middle were collected and incubated to investigate how inertial separation affected

the growth of neurons. Since MAP2 is a neuron-specific cytoskeletal protein that can be stained

to detect neuron soma, synapses, and dendrites, MAP2 antibody immunostaining was applied to

the inlet group and outlet middle group at DIV 10 to characterise neuron morphology. Image J

with plugin NeuriteQuant31 was used to examine the growth and synaptogenesis of neurite by

calculating its length and branches. The results confirmed that neurons from both groups gener-

ated the same neurite growth (Fig. 4(a)), and there was no statistical difference between the

two groups in the length of neurites per cell (Fig. 4(b)) and their branches per cell (Fig. 4(c)).

Therefore, the inertial separation of neuron cells does not have a negative influence on the

growth of neurons.

D. Influence of inertial separation on the response of neurons to PCP stimulations

To demonstrate that neurons separated from the inertial microchip could be an ideal plat-

form for further biological studies, cells from the inlet (control) and outlet middle at DIV 10

were exposed to PCP for acute stimulations for 3 h and chronic stimulations for 48 h, respec-

tively. PCP has been studied extensively for decades because it can mimic symptoms in patients

diagnosed with schizophrenia. Previous research has confirmed that PCP can impact on the me-

tabolism and neurochemistry of the brain regions in a time manner.32 Immunostaining was

applied to detect the expression of BDNF, an important neurotrophic factor for neuroplasticity

and neuron metabolism. In the outlet middle neurons, BDNF expression decreased partly in

acute treatment and then significantly reduced during chronic treatment (Fig. 5). The same

results were also observed in the inlet neurons, which means that separation did not have a neg-

ative effect on the biological response of neurons to PCP stimulations; it further proves that the

inertial device did not harm the neuron cells and the processed neuronal cells were healthy and

functional. The total residual time of individual neurons in the serpentine channel of inertial

microchip was estimated to be 15 ms, which shortened the time that neurons were exposed to

shear stress, and may be why there is no negative influence on the biophysical characteristics

of separated neurons for protein expressions.

IV. DISCUSSION

Here, we developed a modified protocol using an inertial microchip to continuously sepa-

rate neurons and glial cells. This proposed microfluidic platform was based on size-dependent

separation. Cells collected from the outlet middle of the micro-channel were characterised as

large cells (Fig. 2) with increased concentration, and we confirmed that these large cells were

neurons by immunostaining (Fig. 3(a)), and therefore plated neurons from the outlet middle

were enriched and purified (Figs. 3(b) and 3(e)). In the traditional medium-based method, neu-

rons are mixed with glial cells where neurons with a low purity are used for incubation and fur-

ther experiments. Our proposed method makes the primary cell culture more efficient by col-

lecting more purified neuron samples at once, while the device can process 5 ml of cell

suspension within 10 min, thus speeding up the preparation of samples. In addition, our method

avoids using extra brain tissues and culture mediums that not only saves many samples but also

meets the requirement of animal ethics, which suggests a minimal number of animals to be sac-

rificed. Moreover, separated neurons were as healthy and functional as unprocessed ones, and

TABLE I. List of cells’ average size and standard deviation from the inlet (control) and two outlets under three different

flow rates (LM: low flow rate middle; LA: low flow rate aside; MM: moderate flow rate middle; MA: moderate flow rate

aside; HM: high flow rate middle; HA: high flow rate aside).

CL LM LA MM MA HM HA

Mean (lm) 7.4 9.1 7.1 9.9 4.6 8.9 4.3

SD (lm) 3.2 3.5 2.2 1.8 1.0 2.5 1.7
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there was no significant variation of in the growth and synaptogenesis of neurite caused by the

inertial separation procedure (Fig. 4). Moreover, the PCP treatment of unprocessed cells from

the inlet and processed cells from the outlet middle displayed the same biological responses,

thus demonstrating the biocompatibility of the separation procedure. The continuity of cell sep-

aration and short residual time in the channel minimised any unexpected shear-induced effects

to the neuronal phenotype. This is critical for the subsequent molecular characterisation of

biological functions or gene expression of specific drug therapy. Therefore, this platform is a

robust, efficient, and harmless tool for separating primary neuron cells.

Inertial separation is very important for future research into schizophrenia because applying

an inertial microchip helps to separate neurons and isolate glial cells. As mentioned above, most

cells from the outlet aside were small in size (Fig. 2), and further staining experiments indicated

that they were mainly enriched and purified astrocyte type glial cells (Figs. 3(c) and 3(f)).

Astrocytes were only examined by staining with anti-GFAP antibody because astrocyte is the

major component of glial cells, although there was around 5% of unstained glial cells, including

microglia and oligodendrocyte. Note also that the total number of glial cells was less than the

number of neurons in the inlet sample because the mice pups were sacrificed in postnatal day 1 to

ensure the health and activity of neurons. Meanwhile, the glia/neuron ratio was low in the first

postnatal week, but it will increase significantly during the second and third postnatal weeks.33 A

new perspective has recently appeared suggesting that the dysfunction of glial cells due to astro-

cyte is also involved in the neuropathology of schizophrenia,34 because it is the most numerous

source of glial cells in mammalian brains. Various reports have revealed that altered density and

genes due to expressions of astrocytes are strongly related to schizophrenia.34 For example, astro-

cyte has a protein called S100B, of which there is a significant amount in schizophrenia patients,35

which makes astrocyte a promising biomarker to predict first episode schizophrenia in the future.36

Therefore, glial cells have become a major source to supply pathophysiological significance and

possible therapeutic target. To investigate the individual contributions made by glial cells in the

mechanism and treatment of schizophrenia, our advanced inertial microchip is a promising candi-

date for isolating glial cells from primary cell cultures.

Furthermore, the current microfluidic approaches for separating neurons and glial cells are

mostly based on DEP, where cells of interest are trapped at the micro-electrodes in DEP devi-

ces, whereas the inertial microchip here can separate neurons and glial cells in a continuous

manner. Compared to the fluid velocity of DEP device (< 10 lm/s),16 cells passed through the

microchannel in the inertial microchip at �1 m/s, which significantly increased the processing

speed and throughput. The throughput of our inertial microchip is 1.188� 107 cells/h, which is

a significant improvement compared to using viscoelasticity tuned hydrodynamic spreading.17

Although the throughput of the inertial chip is slower than the FACS, the throughput capability

of our proposed device can be dramatically amplified by parallelizing several microchannels in

the same microchip.19 Compared to FACS, our inertial device is label-free, which may signifi-

cantly reduce the total processing time and costs.

V. CONCLUSIONS

In this work, we have demonstrated continuous, high purity, and harmless neuronal cell sepa-

ration with an inertial microchip. This inertial microchip can enrich and purify primary neuronal

cells with unaltered morphology and biological function, while simultaneously purifying and

enriching glial cells. We therefore anticipate that this inertial microchip will be an outstanding

plugin to advance the current primary cell separation and culture method for neuroscience.
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