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A B S T R A C T

Background: Neuroimmunologists aspire to understand the interactions between neurons, microglia, and as-
trocytes in the CNS. To study these cells, researchers work with either immortalized cell lines or primary cells
acquired from animal tissue. Primary cells reflect in vivo characteristics and functionality compared to im-
mortalized cells; however, they are challenging to acquire and maintain.
New Method: Established protocols to harvest primary glia use neonatal rodents, here we provide a method for
simultaneously isolating microglia and astrocytes from brain and/or spinal cord from adult rodents. We utilized
a discontinuous percoll density gradient enabling easy discrimination of these cell populations without enzy-
matic digestion or complex sorting techniques.
Results: We found cells isolated from the percoll interface between 70 %−50 % were microglia, as they express
ionizing calcium-binding adaptor molecule 1 (Iba1) in immunocytochemistry and CD11bhi and CD45lo using
flow cytometry. Isolated cells from the 50 %−30 % interface were astrocytes as they express glial fibrillary
acidic protein (GFAP) in immunocytochemistry and Glutamate aspartate transporter (GLAST)-1 using flow cy-
tometry. Cultured microglia and astrocytes showed a functional increase in IL-6 production after treatment of
lipopolysaccharide (LPS).
Comparison with Existing Methods: Our method allows for rapid isolation of both microglia and astrocytes in one
protocol with relatively few resources, preserves cellular phenotype, and yields high cell numbers without
magnetic or antibody sorting.
Conclusion: Here we show a novel, single protocol to isolate microglia and astrocytes from brain and spinal cord
tissue, allowing for culturing and other downstream applications from the cells of animals of various ages, which
will be useful for researchers investigating these two major glial cell types from the brain or spinal cord of the
same rodent.

1. Introduction

Glial cells are non-neuronal cell populations that provide structural,
nutritional, and functional support to neurons in the central and per-
ipheral nervous systems (Parpura et al., 2012). Two of the major glial
cell types in the central nervous system (CNS) are microglia and as-
trocytes. The ubiquitous involvement of these cells in normal and pa-
thological physiology has been demonstrated during development,
maintenance, and aging processes (Clarke and Barres, 2013; Molofsky

et al., 2012; Njie et al., 2012; Paolicelli et al., 2011; Sofroniew and
Vinters, 2010). Microglia are specialized antigen presenting cells that
serve as the primary line of defense against infections in the CNS (Rock
et al., 2004). These cells play a dynamic role in CNS function and can
shift activation states in both healthy and diseased CNS tissue
(Nimmerjahn et al., 2005). Microglia express pathogen recognition re-
ceptors (PRRs) and inflammasomes to regulate the innate immune re-
sponse during exogenous and sterile infections (Graeber and Streit,
2010; Patel et al., 2013; Rock et al., 2004). Microglia are intimately
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involved in chronic and acute neurological and immunological diseases
(Heindl et al., 2018; Wang et al., 2015; Wen et al., 2011). In the de-
veloping nervous system, microglia play an active role in neuronal
apoptosis, synaptic pruning, and synaptogenesis (Bessis et al., 2007;
Paolicelli et al., 2011). Healthy adult microglia survey the local mi-
croenvironment for pathogens and cellular debris to phagocytose, sca-
venge metabolic factors, maintain synaptic homeostasis, and regulate
synaptic plasticity (Kettenmann et al., 2013; Nimmerjahn et al., 2005;
Njie et al., 2012).

Astrocytes also carry out many functions in healthy and diseased
CNS tissue. During development, these cells induce synaptogenesis,
facilitate synaptic maturation, and direct growth of vasculature
(Bozoyan et al., 2012; Christopherson et al., 2005; Clarke and Barres,
2013). In adults, astrocytes play an important functional support role in
neuronal transmission by regulating glutamate homeostasis, co-
ordinating local blood flow, and maintaining ion and pH homeostasis in
the CNS microenvironment (Agulhon et al., 2008; Sofroniew and
Vinters, 2010). As a consequence of their vital role in normal func-
tioning, disruption of these astrocytic functions is linked to a number of
developmental and neurodegenerative diseases (Maragakis and
Rothstein, 2006; Molofsky et al., 2012). Moreover, astrocytes play a
role in CNS infection and inflammation by regulating both innate and
adaptive immune responses and production of pro- and anti- in-
flammatory cytokines and chemokines (Dong and Benveniste, 2001;
Farina et al., 2007; Marella and Chabry, 2004).

Researchers assessed the role of these cells by in vitro examination of
either immortalized cell lines or by isolating primary cells directly from
animals or donors (Timmerman et al., 2018). Immortalized microglia
cell lines, BV2 (Blasi et al., 1990) and HAPI (Cheepsunthorn et al.,
2001) as well as astrocyte cell lines MG5 (Kanazawa et al., 2002) and
A7 (Geller and Dubois-Dalcq, 1988), had been deemed easier to work
with than freshly isolated primary cells (Timmerman et al., 2018).
Though these cell lines are more proliferative and easier to maintain
than primary cells, immortalized cells are not appropriate for all ap-
plications (Galland et al., 2019). Numerous cell lines have been culti-
vated from neonatal animals, but young cells may not resemble the
phenotype of adult or aged cells, as they have not yet undergone ma-
turation (Timmerman et al., 2018). Additionally, the immortalization
process can notably alter cells and disrupt normal physiological func-
tioning (Das et al., 2016; Horvath et al., 2008). Primary cells, on the
other hand, while more difficult to acquire and maintain, are not im-
pacted by inserted DNA vectors or oncogenes. As such, primary cells are
considered more physiologically normal than those derived from an
immortal line (Pan et al., 2009). Acquisition of pure, viable cells in
sufficient quantity is one of the core challenges of working with primary
cells. There are a variety of protocols in the literature to isolate glial
cells from CNS tissue of rodents, but the challenge is to produce pure,
high yield samples in a timely, efficient manner (Cardona et al., 2006;
Foo et al., 2011; Hamby et al., 2006; Moussaud and Draheim, 2010).

Typically, methods for isolation of primary microglia and astrocytes
rely on enzymatic digestion, immuno-panning, or magnetic sorting to
isolate the target cells (Cardona et al., 2006; Foo et al., 2011; Orre et al.,
2014; Tamashiro et al., 2012). The method described here can be used
to circumvent prolonged and expensive techniques like mechanical
shaking, magnetic, or fluorescent separation, by utilizing a dis-
continuous percoll gradient to separate both astrocytes and microglia
from other CNS elements. Additionally, this method does not require
enzymatic digestion that may alter cell surface proteins and further
disrupt cellular viability (Garaud et al., 2014). Here, we demonstrate
the use of a percoll density gradient to isolate primary microglia and
astrocytes from adult mice and rats (Fig. 1).

2. Materials and methods

2.1. Animals

Adult B6.129P2(Cg)-Cx3cr1tm2.1(cre/ERT2)Litt/WganJ mice (10–14
weeks old), stock number 021,160 (Cx3cr1CreER) and normal WT mice
purchased from the Jackson Laboratory and maintained in our animal
facility at the University of Texas at Dallas were used for this study. In
brief, we utilized the IRES-YFP fused element as a reporter tag in mi-
croglia that is independent to Cre induction. Adult F1 generation bred
Fischer 344 × Brown Norway rats between 12 and 16 weeks were used.
These animals were purchased from Charles Rivers and bred in the
animal facility at the University of Texas at Dallas. Fischer 344 females
were bred with Brown Norway males. All animals were housed under a
reverse-phase 12 -h light-dark cycle at 22 °C and allowed access to food
and water ad libitum. All animal care and experimental procedures were
in accordance with the National Research Council Guide for the Care
and Use of Laboratory Animals and approved by the Animal Care and
Use Committee at University of Texas at Dallas, Richardson (TX) USA.

2.2. Reagents

Isotonic percoll dilutions were made by diluting stock percoll (GE-
healthcare, 17−0891−01) at a 9:1 ratio with 10X phosphate buffered
saline (PBS) to make 1.12 g/mL stock isotonic percoll (SIP), which we
designate 100 % SIP. The remaining layers were created by diluting the
1.12 g/mL SIP with 1X Dulbecco’s phosphate buffered saline (DPBS) to
make a 1.08 g/mL (70 % SIP), a 1.06 g/mL (50 % SIP), and a 1.05 g/mL
(35 % SIP). All gradient layers were prepared and allowed to reach
room temperature before use. Moreover, for cell culture experiments,
we autoclaved all reagents for sterility.

2.3. Isolation of cells

Rodents were deeply anesthetized using isoflurane and decapitated
per the University of Texas at Dallas IACUC approval 2 measures.
Rodents in these experiments were not perfused, though perfusion may
be used to reduce the presence of blood mononuclear cells. The skull
cap was removed to expose and extract the brain. Spinal column was
cut at the level of the iliac crest and a 21-gauge needle (18-gauge in
rats) was used to hydro-extrude the spinal cord with sterile 1X DPBS.
Both tissues were collected and transferred in sterile 1X DPBS on ice
until homogenization. To maximize cell yield when investigating CNS
glia, we combine both tissues for homogenization. However, spinal cord
and brain may be separately used for extracting target cells if region-
specific cell populations are more relevant to the experiment.

Tissues were mechanically homogenized and passed through a
70 μm nylon cell strainer (Millipore Sigma, Z742103−50EA) with ap-
proximately 10−15mL of sterile 1X DPBS supplemented with 0.2 %
glucose (Millipore Sigma, G7528) into a 50mL conical tube. The use of
excessive force in this step can damage both the tissue and the cell
strainer and result in low yield. The homogenate was then centrifuged
at 600 × g for 6min at room temperature (RT). All of the resulting
supernatant was decanted carefully and the pellet resuspended in 6mL
of sterile 70 % SIP. The resuspended homogenate was transferred to a
sterile 15mL polypropylene conical tube and 3mL of sterile 50 % SIP
was carefully layered over. Another 3mL of sterile 35 % SIP was
carefully layered on top of the 50 % SIP layer, and 2mL of sterile 1X
DPBS was layered on top of the 35 % layer. Droplets of liquid falling
from any distance will compromise the gradient, so it is recommended
to keep the tip of the transfer pipette as close to the surface of the
underlying layer as possible while overlaying the next layer.
Alternatively, an underlay method may be used in which each layer is
inserted below the previous layer in the reverse order.

The prepared 15mL conical tubes were then centrifuged at 2000 ×
g for 20min at RT without brake. Three discrete layers were established
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after centrifugation. The top layer of myelin was discarded and cells
from the interface between 70 %−50 % SIP and 50 %−35 % SIP were
collected in separate conical tubes. Isolated cells were resuspended in
sterile 1X DPBS and centrifuged at 600 x g for 6min at RT to remove
any remaining percoll. Washed cells were immediately subjected to
used for downstream applications: cell culture (Immunohistochemistry

and IL-6) and flow cytometry analysis.

2.4. Cell culture

The two isolated cell populations were washed with sterile 1X DPBS,
and resuspended in DME/F12 media (Hyclone, SH30023.01) supple-
mented with 10 % fetal bovine serum (FBS) (Hyclone, SH30088031R)
and 1 % Penicillin/Streptomycin (ThermoFisher, 15,070,063). Cells
were counted using 0.5 % Trypan blue dye (Lonza, 17−942E) and a
hemocytometer, and 100,000 cells per well were seeded onto 12mm
coverslips previously coated with poly-D-lysine hydrobromide
(Millipore Sigma, Cat No. P0899) in a 24-well plate. Poly-D-lysine was
used to avoid potential proteolytic degradation seen when using poly-L-
lysine with some cells. Cells were maintained in a humidified incubator

Fig. 1. An illustration showing the experimental pro-
cedure for extracting microglia and astrocytes from
rodent brain and spinal cord. Whole brain and spinal
cord were collected from rodents and homogenized by
passing through a 70 μm nylon mesh. Cell homo-
genates were subjected to centrifugation in percoll
gradients and cell populations were collected from 70
%−50 % and 50 %−35 % interfaces. These extracted
cell populations were then characterized by im-
munocytochemistry, flow cytometry, or ELISA.
(Illustration created with Biorender.com).

Table 1
List of antibodies used for immunocytochemistry and their information.

Antibody Host Dilution Vendor Cat. No.

Iba1 Rabbit 1:1000 Wako 019−19741
GFP Chicken 1:1000 Aves Labs GFP-1010
GFAP Rabbit 1:1000 Dako Z0334

Fig. 2. Immunocytochemistry for Iba1 (microglial marker) on cells isolated from 70 %−50 % SIP interface. A) Immunofluorescent labeling of Iba1, GFP, and DAPI in
cells isolated from mice. (B) Immunofluorescent labeling for Iba1 and DAPI in cells isolated from rats.
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at 37 °C with 5 % CO2. Culture media was changed every other day until
the end of the experiment. Cells are ready to use after replacing media
on Day 1. Immunohistochemistry and ELISA experiments was per-
formed on Day 3 or 4 for both cell types.

2.5. Immunocytochemistry

Post-culture day 3 (microglia) and post-culture day 5 (astrocytes),
the cells were incubated with 1X PBS twice for 10min each before
being fixed with 4 % paraformaldehyde at RT for 15min. Cells were
washed with 1X PBS containing 0.05 % Tween20, to remove leftover
fixative. Cells were blocked in blocking solution (3 % Normal goat
serum, 2 % Bovine serum albumin, 1 % Triton-X100, 1 % Tween-20,
and 0.05 % sodium azide in 1X PBS) for one hour. Primary antibodies
(Table 1) were added to the respective wells and incubated overnight at
4 °C.

After primary antibody incubation, the cells were washed with 1X
PBS containing 0.05 % Tween-20, then incubated in respective sec-
ondary antibodies for 2 h at RT. The cells were washed with 1X PBS
before a one-minute incubation with DAPI nuclear stain (Millipore
Sigma, D9542). Finally, the cells were washed with 1X PBS and
mounted onto the glass slide with Gelvatol mounting media (Sigma,
P8136). Images were acquired on an Olympus confocal microscope
(Olympus, Tokyo, Japan).

2.6. Flow cytometry

Isolated cells from the interface between 70 % and 50 % SIP were
subjected to microglia-specific staining and cells from 50 % to 35 % SIP
interface were stained for astrocyte markers. Cells were washed twice
with 1X PBS, centrifuged at 600 x g followed by resuspension in flow
buffer (0.5 % bovine serum albumin + 0.02 % glucose in 1X PBS). Cells
were incubated in blocking buffer (Cd16/32 antibody, eBioscience,
16−0161-85) for 10min to block the Fc receptor and avoid non-spe-
cific binding. Primary antibody cocktails were prepared for anti-mouse
Cd11b-APC-cy7 (Life Technology, A15390), anti-rat Cd11b/c-PE (BD
Pharminogen, 554,862), anti-mouse Cd45-Brilliant violet 421
(eBioscience, 103,133) for microglia and anti-mouse GLAST-1-APC
(Miltenyi Biotech, 130−095-814) for astrocytes at 1:400 dilution.
Microglia and astrocytes were incubated in primary antibody cocktails
for 40min at 4 °C in the dark. Stained cells were examined using the BD
Fortessa flow cytometer (BD Bioscience, San Diego, CA) and analyzed
using FlowJo software (San Carlos, CA).

2.7. IL-6 ELISA

After 3 days, media without FBS (serum-starved) was added to the
culture for approximately 14−18 h. Microglia were stimulated with
1 μg/mL and astrocytes were stimulated with 0.5 μg/mL of LPS (a po-
tent toll like receptor 4 ligand) or vehicle and incubated for 24 h in a
humidified incubator at 37 °C with 5 % CO2. After 24 h, media super-
natants were collected and subjected to IL-6 analysis according to the
manufacturer’s instructions (R&D system, Cat no- DY 406).

2.8. Recommendations for isolation procedure

Some critical aspects of this protocol must be given special attention
in order to obtain pure, viable cells. This protocol is sensitive to de-
viations in percoll density due to temperature and incomplete cen-
trifugation, decantation, or aspiration. If clear and distinct cell layers
are not obtained after gradient centrifugation, then the yield and per-
haps purity of the isolation will be unsatisfactory. Care must be taken to
ensure that the isolation is completed within five hours from the start of
tissue collection. Prolonging the protocol will result in diminished cell
viability.

3. Results

3.1. Expression of microglia (Iba1) and astrocyte (GFAP) in cells isolated
from the interface between 70 %−50 % and 50 %−35 % SIP, respectively

To identify the cell populations from the discrete interfaces, we used
immunofluorescent staining on cultured cells. Microglia can be dis-
tinguished from other CNS elements by their expression of ionized
calcium binding protein (Iba1) (Ito et al., 1998). Cells isolated from the
interface between the 70 %−50 % were subjected to immunolabeling
using an antibody against Iba1 as well as an antibody against GFP re-
porter tag. All DAPI positive cells present on the coverslip were positive
for Iba1 and GFP staining for both mice (Fig. 2A) and rats (Fig. 2B).

Cells collected from the interface between the 50 %−35 % SIP
layers were subjected to GFAP staining, a known astrocyte marker
(Cahoy et al., 2008). Cells isolated from 50 %−35 % SIP interface were
positively stained for GFAP and DAPI for mice (data not shown) and
rats (Fig. 3).

3.2. Flow cytometry analysis shows the expression of Cd11bhi and Cd45low
positive cells in interface between 70 %−50 % SIP

To further validate the distinct cell populations, we used flow cy-
tometry to characterize the cells at the different percoll interfaces.

Fig. 3. Immunocytochemistry for GFAP (astrocyte marker) on cells isolated from 50 %−35 % SIP interface. A) Immunofluorescent labeling of GFAP and DAPI in cells
isolated from rats.
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Isolated cells from the 70 %−50 % SIP interface were subjected to
antibody labeling using CD11b and CD45. We found a distinct CD11bhi

and CD45low cell population in mice (Fig. 4A) as well as in rats
(Fig. 4B). CD11b expression is higher in microglia than perivascular
macrophages, supraependymal macrophages, and other phagocytic
cells (Ford et al., 1995; Martin et al., 2017). Infiltrating monocyte-
lineage cells show high CD45 expression, while resident microglia ex-
press low levels of CD45 (Greter et al., 2015). The flow cytometry data
indicate that the cell population at the interface between 70-%-50 %
SIP layers are microglia.

3.3. Flow cytometry analysis shows the expression of GLAST-1 positive cells
in the interface between 50 % and 35 % SIP

In addition to GFAP, Glutamate Aspartate Transporter 1 (GLAST-1)
is a commonly used marker to identify astrocyte cell populations, as
astrocytes are major glutamate regulators in the CNS (Perego et al.,

2000; Shibata et al., 1997). We stained the cell population from the 50
%−35 % interface with GLAST-1 and found that cells from that layer
were positive for GLAST-1 in mice (Fig. 5A) and in rats (Fig. 5B). Flow
cytometry data indicates that cells from the 50 %−35 % SIP interface
were astrocytes.

3.4. Isolated microglial and astrocytes show production of interleukin 6
after LPS stimulation

To validate functionality of the isolated microglia and astrocytes,
we performed an ELISA to check the capability of these cells to produce
cytokines after stimulation. Microglia (1 μg/mL) and astrocytes (0.5 μg/
mL) were stimulated with LPS for 24 h. Media supernatants were col-
lected and subjected to an IL-6 ELISA. We found a statistically sig-
nificant increase in IL-6 level after LPS treatment in microglia
(9699 ± 300.6 vs 2669 ± 1056, n=4 per group, unpaired t-test
***p < 0.0001) (Fig. 6A) and astrocytes (222.5 ± 26.49 vs

Fig. 4. Flow cytometry analysis on cells isolated from 70 %−50 % SIP interface. Isolated cells from mice (A) and rats (B) shows expression of Cd11b+ and Cd45low

(microglial marker) compared to respective unstained control.
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156.0 ± 0.00, n= 4 per group, unpaired t-test *p < 0.05) (Fig. 6B).
These data indicate that isolated microglia and astrocytes from our
protocol are functional and can be used to perform downstream assays.

4. Discussion

We have developed a protocol for isolating microglia and astrocytes
simultaneously from homogenized CNS tissue of adult rats and mice by
density-based percoll separation. Unlike immunopanning methods
which target a single cell population, density gradients allow for iso-
lation of both microglia and astrocytes from one animal with a single
procedure (Collins and Bohlen, 2018). Previously, other groups have
used a similar strategy to isolate microglia and mixed glial cells using a
different gradients of SIP (Cardona et al., 2006; Martin et al., 2017).
Cardona et al. used 70 %−37 %−30 % SIP to isolate microglia
(Cardona et al., 2006), whereas Moussaud et al., used 20 % SIP to
isolate all glial cells from whole CNS suspension (Moussaud and
Draheim, 2010). We have modified the concentration of stock SIP and
changing the concentration gradient to 70 %−50 %−35 % to dis-
cretely isolate microglia and astrocytes separately from the whole CNS
cell suspension. These discrete populations can be acquired without the
expense of fluorescent antibodies or magnetic beads, and without the

risk of cellular activation from antibody binding or the comparatively
harsh sorting procedure (Dugas et al., 2008). Previous protocols have
employed enzymatic digestion steps to dissociate glial cells from CNS
tissue (Cardona et al., 2006; Ford et al., 1995; Martin et al., 2017).
However, it has been reported that enzymatic treatment has a mild
toxic effect on live cells that affects cell viability. Addition to this, en-
zymatic treatment to dissociate these cells damages cell surface epi-
topes, which can interfere with downstream applications (Greter et al.,
2015; Perego et al., 2000; Shibata et al., 1997). We dissociate the CNS
tissue by passing tissue samples through a 70 μm nylon mesh which
protects the cell surface markers from being damaged and increases the
viability of cells. Using this procedure, we can exclude/eliminate extra
steps such as enzymatic digestion, immunopanning, and magnetic
sorting techniques to isolate these cell populations are unnecessary.

Isolated microglia and astrocytes were characterized using im-
munocytochemistry and flow cytometric analysis. Immediately after
isolation, microglia and astrocytes were subjected to flow cytometry
and were found to express appropriate levels of characteristic surface
proteins. In addition, cells not used in flow cytometry experiments were
kept in culture for 3 or 5 days before immunolabelling to demonstrate
the continued usability of the cells. Functionality of the cells were de-
termined by treating both populations with LPS to verify if these cells

Fig. 5. Flow cytometry analysis on the cells isolated from 50 %−35 % SIP interface. Isolated cells from mice (A) and rats (B) shows the expression of GLAST
compared to respective unstained control.

Fig. 6. Isolated primary microglia and astrocytes cells stimulated
with LPS, to assess functionality. (A) Microglia produce significant
increase in level of IL-6 after LPS stimulation (1 μg/mL, n=4
animals per group, unpaired t-test ***p < 0.0001. (B) Astrocytes
produce significant increase in level of IL-6 after LPS stimulation
(0.5μg/mL, n = 4 animals per group, unpaired t-test *p < 0.05).
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had intact receptor signaling. We found, microglia and astrocytes sti-
mulated with LPS showed significant increases in IL-6 production. As in
previously published data from our group, cells were indeed healthy
after isolation and here we demonstrate that both microglia and as-
trocytes are able to mount a robust response to LPS treatment with
production of IL-6 (Burton et al., 2016, 2013; Elmore et al., 2014).
Important to note, time in culture and serum levels can dictate levels of
basal activation from microglia and astrocytes. Initial optimization and
appropriate experimental controls will need to be utilized to assess
differences in basal activation for downstream applications.

5. Conclusion

Many previously established protocols rely on enzymatic digestion
of CNS homogenates, which can negatively impact cell viability and
yield (Cardona et al., 2006; Moussaud and Draheim, 2010; Sedgwick
et al., 1991). Other isolation methods utilize magnetic or fluorescent
sorting techniques that are time-consuming and resource intensive
(Orre et al., 2014). The protocol provided allows for the isolation of
both microglia and astrocytes in one procedure without the use of en-
zymes or sorting. Brain and spinal cord homogenates were used here to
maximize cell yield, which is typically 500,000–1,000,000 of microglia
and over 5,000,000 astrocytes per animal, but yield will vary de-
pending on the tissues included. The minimal amount of resources
needed, coupled with the purity and viability of the resultant isolated
primary cells, make this protocol suitable for several downstream ap-
plications in addition to cell culture, immunocytochemistry, and flow
cytometry demonstrated here.
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