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Abstract  
Multiple sclerosis is a chronical inflammatoric disease of the central nervous system in which the body´s im-
mune response attacks the nerve cells, leading to demyelination. In a mouse model system demyelination 
can be triggered by cuprizone. In the present application note the influence of cuprizone on the demyelina-
tion and the invasion of astrocytes and microglia cells in the affected brain areas is investigated. Total RNA 
from different brain tissue samples was isolated manually with the MACHEREY-NAGEL NucleoSpin 
RNA/Protein kit, or with the NucleoSpin 8 RNA kit automated on an epMotion 5075 TMX liquid handler. Re-
sults about the yield and quality of extracted RNA are presented as well as use of the RNA in down stream 
RT-PCR.  

 
Introduction:  
Multiple sclerosis (MS), also known as encepha-
lomyelitis disseminata (ED) is a chronical inflam-
matoric disease of the central nervous system in 
which the body´s immune response attacks the 
nerve cells, leading to demyelination. As the de-
myelination can be triggered in mice, this serves 
as a model system for the investigation or regu-
latory processes in the onset of MS. By feeding 
the copper chelator cuprizone a significant demy-
elination can be induced. The readjustment to 
cuprizone-free nutrition leads to a complete re-
myelination. 
 
In the present study the influence of cuprizone on 
the demyelination and the invasion of astrocytes 
and microglia cells in the affected brain areas is 
investigated. Histological changes are correlated 
with gene expression data. For a reliable gene 
expression study it is mandatory to isolate RNA of 
high purity and quality. The RNA isolation from 
lipid rich brain tissue is still challenging. Further-
more, high throughput sampling is a time con-
suming procedure.  
 
 
In this study total RNA from different brain tissue 
samples was isolated manually with the 
MACHEREY-NAGEL NucleoSpin RNA/Protein kit, 
or with the NucleoSpin 8 RNA kit automated on 
an epMotion 5075 TMX liquid handler. 
 
 

Material and Methods: 
 
- Eppendorf epMotion

 
5075 TMX 

- Vac Frame 2  
- Vac Holder 
- Reservoir 400 ml 

- Collection Plate Adapter for MN Tube Strips  
- Channeling Plate 
- Reservoir Rack with Reagent Reservoirs 
- MACHEREY-NAGEL NucleoSpin

 
8 RNA kit 

- mouse brain tissue samples  
 
Demyelination was induced in C57BL/6 mice by 
feeding a diet with 0.2-0.4 % cuprizone. After 1-8 
weeks the brains were dissected and sectioned with 
5 µm thickness for histological/immunohistochemical 
analysis. For gene expression analysis, mice were 
killed and the investigated brain parts of the basal 
ganglia system were dissected on the level of 
commissural anterior. Tissues were immediately 
snap frozen in liquid nitrogen and kept at -80 °C until 
further use. 
 
For RNA isolation the tissue samples were ho-
mogenized with a Precellys 24 homogenizer. For 
manual RNA isolation total RNA was isolated with 
the NucleoSpin RNA/Protein Kit. For automated 
processing the NucleoSpin 8 RNA kit was used on 
an epMotion 5075 TMX liquid handler. Automated 
processing was done according to the procedure 
described in the NucleoSpin 8/96 RNA kit user 
manual with the epMotion Plug-N-Prep method for 
NucleoSpin 8 RNA kit. RNA quality was determined 
by analysis on the Agilent Bioanalyzer 2100 and 
RNA Nano assays. Isolated RNA was quantified by 
A260 measurement, for the evaluation of RNA purity 
the ratios A260/280 were determined. Subsequent 
gene expression analysis was done after reverse 
transcription using the Invitrogen M-MLV RT kit. 
Relative quantification of the astrocyte specific 
GFAP gene (glial fibrillary acidic protein) was 

performed using the ∆Ct method which results in 
ratios between target genes and a housekeeping 
reference gene (HPRT, hypoxanthin guanin 
phophoribosyl transferase).  
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Table 1: epMotion 5075 TMX worktable  
details for NucleoSpin 8 RNA protocol 

 
Position Labware Comment 

A2  MN Tube Strips elution tubes 

A3 epT.I.P.S Motion 
1000 µl 

 

A4   TMX shaker 

B1 epT.I.P.S Motion 
1000 µl 

 

B2 epT.I.P.S Motion 
300 µl 

 

B3 Reagent Reservoirs: 
Position 1: Buffer RA1 
Position 2: Buffer RA4 
Position 3: Buffer RA3 
Position 4: empty 
Position 5: Buffer RA2 
Position 6: water 
Position 7: DNase 
solution 

Reservoir size: 
100 ml  
100 ml  
100 ml  
- 
100 ml  
30 ml  
30  ml 
 

Vacuum NucleoSpin
 
RNA 

Binding Strips 
Vacuum Frame 2 
 
Reservoir 400 ml with 
channeling plate 

RNA binding 
strips inserted 
into Column 
Holder A (top) 
collar for vac-
uum manifold 
collects waste 

C3  2.1 ml deep-well plate samples 

C4 Vacuum Frame 
Holder 

Height adapter 
for vacuum 
Frame 2 

T0 Gripper  

T1 TM 1000-8 1000 µl 8-
channel pipet-
ting tool 

 
 
 

 
 
Figure 1: Screenshots from the epMotion Editor 
showing the setup of the epMotion 5075 TMX 
worktable for use with the NucleoSpin 8 RNA kit. 
 

Results 
 
The administration of cuprizone induced a highly 
reproducible demyelination of distinct basal gan-
glia system subregions (Fig. 1). Fig. 1A shows a 
hematoxylin and eosin-stained forebrain on the 
level of the basal ganglia system (CNH =  head of 
caudate nucleus, CNV = ventral part of caudate 

nucleus, CP = caudate-putamen, GP = globus 
pallidus.  
 
The line shows the visual separation of the basal 
ganglia system into a lateral and medial part.  
 
Intact myelin in LFB-stained (luxol fast blue) sec-
tions appears as blue fiber tracts (Fig. 1B-G). Cu-
prizone exposure resulted in a massive demyeli-
nation as detected by a loss of LFB-stained fibers in 
different white matter tracts compared to controls. 
 
It is well known from other brain regions that as-
trocytosis and microglia cell invasion and/or pro-
liferation occurs during cuprizone induced acute 
demyelination. As can be seen in Fig. 2 a significant 
invasion of astrocytes and microglia cells is 
observed after cuprizone administration. While 
under control conditions the astrocytes revealed thin 
cells only with a few short processes (Fig. 2 a-b), 
after cuprizone treatment the astrocytes became 
hypertrophic and multipolar (Fig. 2 c-d). 
 
Quantification of astrocyte numbers also correlated 
with the previous cuprizone treatment: in the medial 
brain part cell numbers were 6 +/-2 and 2 +/- 0.5 
cells/mm

2
 for control and cuprizone-treated animals,  

 

 
 
Fig 1: a) Hematoxylin and eosin-stained forebrain 
on the level of the basal ganglia system (CNH =  
head of caudate nucleus, CNV = ventral part of 
caudate nucleus, CP = caudate-putamen, GP = 
globus pallidus. b)-g): LFB-stained (luxol fast blue) 
brain sections. For further explanation please refer 
to the text. 
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in the lateral areas the cell numbers were 90 +/- 
6, and 70 +/- 14 cells/mm

2
, respectively (Fig. 2 g). 

 

 
 
Fig. 2: a)-d): Invasion of astrocytes and microglia 
cells after cuprizone administration, control a)-b), 
after cuprizone treatment c)-d). g): number of as-
trocytes after cuprizone treatment. e)-f): morphol-
ogy of astrocytes with/without cuprizone treat-
ment. h) expression of GFAP depending on the 
time after cuprizone treatment. 
 
Parallel to the histological investigations total 
RNA was isolated from the investigated brain ar-
eas and subjected to further analysis. The mean 
ratio A260/280 was 1.92 for manual processing 
with the NucleoSpin RNA/Protein kit and 1.96 for 
the automated procedure on the epMotion. Ratios 
A260/228 were >1.96 in all cases, indicating RNA 
of excellent purity. On the Bioanalyzer the total 
RNA appears as two distinct peaks for the 18S 
and 28S ribosomal RNA (Fig. 3).  
 

 
 
Fig. 3: Electropherogramm of isolated RNA. 
Agilent Bioanalyzer 2100 with RNA Nano 6000 
Assay. RNA was isolated from 15 mg of brain tis-
sue. 

RIN values between 8 and 9 were obtained for 
different samples and different sample amounts. A 
summary of RIN values is given in Table 2. Obvi-
ously, RNA of highest quality and integrity was 
isolated from the difficult brain tissue, meeting the 
requirements of even the most demanding down-
stream applications such as RT-PCR or Affymetrix-
analysis. 
 
 
Table 2: Summary of RIN values and RNA con-
centration as determined from several samples with 
the Agilent Bioanalyzer 2100 and RNA Nano 6000 
assays. Mean values of 8 replicates each. 
 

sample 5 mg 10 mg 15 mg 

 ng/µl RIN ng/µl RIN ng/µl RIN 

 30 8.0 70 8.6 82 8.8 

 32 8.8 68 8.6 78 8.9 

 35 8.8 63 8.3 93 8.6 

 33 8.7 75 8.6 89 8.7 

mean 32.5 8.6 69 8.5 85.5 8.8 

 
 
 
Total RNA yield corresponded well with the tissue 
amount used for extraction. From 5, 10 and 15 mg 
of brain tissue, 3.5, 7.4 and 9.4 µg RNA, respec-
tively, were obtained (photometric quantification). 
 
Subsequently, isolated RNA was subjected to gene 
expression analysis. In Fig. 2 h the expression of 
GFAP depending on the time after cuprizone 
treatment is shown. As can be seen the maximum 
GFAP expression was observed at 3 weeks after 
cuprizone treatment, which correlates well with the 
histological data from the astrocyte cell numbers. 
 
 
Summary 
 
In summary, total RNA in high quality and excellent 
integrity could be isolated from several brain tissue 
samples either manually or automated on the 
epMotion 5075 TMX liquid handler. Gene ex-
pression analysis data after quantitative RT-PCR 
correlated well with histological findings. Although 
very demanding lipid-rich brain tissue was used as 
sample material the RNA isolation procedure was 
robust and reproducible allowing for very consistent 
quantification of gene expression levels. 
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References: 
[1] Eppendorf Application Note 186: Automated RNA purification in 96-well plate and 8-well strip format from 
human cells or animaltissue using the MACHEREY-NAGEL NucleoSpin

®
8/96 RNA kits on the epMotion

®
 

5075 from Eppendorf 
Plug-n-Prep Method file available at www.epmotion.com/pnp 
 

Contact information: 

Eppendorf: 

 

 

Eppendorf AG, 22331 Hamburg, Germany, Tel. +49 40 53801-0, Fax +49 40 538 01-556, E-Mail: 
eppendorf@eppendorf.com 
 
Eppendorf North America Inc., One Cantiague Road, P.O. Box 1019, Westbury, N.Y. 11590-0207, USA 
Tel. +1 516 334 7500, Toll free phone +1 800-645-3050, Fax +1 516 334 7506, E-Mail:info@eppendorf.com 
 
Application Support 
 
Europe, International: Tel. +49 1803 666 789, E-Mail: support@eppendorf.com 
North America: Tel. +1 800 645 3050 ext. 2258, E-Mail: support_na@eppendorf.com 
Asia, Pacific: Tel. +60 3 8023 2769, ·E-Mail: support_asiapacific@eppendorf.com 
 

MACHEREY-NAGEL: 
MACHEREY-NAGEL GmbH & Co. KG, Neumann-Neander-Str. 6-8,. D-52355 Dueren, Germany 
Tel +49 (0) 24 21 -270, Fax +49 (0) 24 21 969-199, E-mail: tech-bio@mn-net.com, www.mn-net.com 

 

Ordering Information: 

Product Preps   Cat. No. 

NucleoSpin
®
 8 RNA 12 x 8  740 698 

NucleoSpin
®
 8 RNA 60 x 8  740 698.5 

NucleoSpin
®
 96 RNA 2 x 96  740 709.2 

  NucleoSpin
®
 96 RNA 4 x 96  740 709.4 

 NucleoSpin
®
 96 RNA 24 x 96  740 709.24 

 
 Starter Set A (for NucleoSpin

®
 8 RNA only)   740 682 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For more information regarding the automated use of MN products, please contact your local representative 
or visit MN directly under www.mn-net.com. 

 

 
 

MACHEREY-NAGEL GmbH & Co. KG · Neumann-Neander-Str. 6-8 · 52355 Düren · Germany  
Germany   Switzerland  France   USA 
and international:  MACHEREY-NAGEL AG MACHEREY-NAGEL EURL MACHEREY-NAGEL inc. 
Tel.: +49 (0) 24 21 969-0 Tel.: +41 (0) 62 388 55 00 Tel.: +33 (0)3 88 68 22 68 Tel.: +1 484 821 0984 
e-mail: sales-de@mn-net.com e-mail: sales-ch@mn-net.com e-mail: sales-fr@mn-net.com e-mail: sales-us@mn-net.com 
 

Trademarks: NucleoSpin is a registered trademark of MACHEREY-NAGEL, epMotion, Plug-N-Prep are registered trademarks of Eppenddorf AG 
 


