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Introduction: Organotypic Hippocampal Brain Slices (OHBS) provide an advantageous 
alternative to in vivo models to scrutinize Traumatic Brain Injury (TBI). We followed a well-
established TBI protocol, but noticed that several factors may influence the results in such a set-
up. Here, we describe a structured approach to generate more comparable results and discuss 
why specific eligibility criteria should be applied.

Methods: We defined necessary checkpoints and developed inclusion and exclusion criteria 
that take the observed variation in such a model into consideration. Objective measures include 
the identification and exclusion of pre-damaged slices and outliers. Six steps were outlined in 
this study.

Results: A six-step approach to enhance comparability is proposed and summarized in a 
flowchart. We applied the suggested measures to data derived from our TBI-experiments 
examining the impact of three different interventions in 1459 OHBS. Our exemplary results 
show that through equal requirements set for all slices more precise findings are ensured.

Conclusion: Results in a TBI experiment on OHBS should be analyzed critically as 
inhomogeneities may occur. In order to ensure more precise findings, a structured approach 
of comparing the results should be followed. Further research is recommended to confirm and 
further develop this framework.
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1. Introduction

rain cells have been studied in cultures for 
over 100 years (Ross Granville Harrison, 
1910; Rose G. Harrison, Greenman, Mall, 
& Jackson, 1907; Hogue, 1952; Hum-
pel, 2015; Millet & Gillette, 2012). Over 
time, different methods were developed to 
preserve thin brain slices and keep them 

long-term viable (Cho, Wood, & Bowlby, 2007; Gäh-
wiler, 1981; Humpel, 2015; Stoppini, Buchs, & Muller, 
1991). Slice cultures can be prepared from a variety of 
brain regions; however, hippocampal slice cultures are 
used most frequently and replicate many aspects of the 
in vivo state, making investigations into mechanisms of 
brain synapses possible (Bahr et al., 1995; Cho et al., 
2007; Finley et al., 2004; Gähwiler, Capogna, Debanne, 
McKinney, & Thompson, 1997; Li, Han, & Wang, 2016; 
Noraberg et al., 2005).

Given that the hippocampal slice set-up also provides 
decent experimental access and allows for detailed regu-
lation of the extracellular environment, it is not surpris-
ing that these systems have been widely used to study 
neurogenesis or to investigate diseases such as Alzheim-
er's disease and stroke (Cho et al., 2007; Noraberg et al., 
2005). 

Several researchers utilized organotypic hippocampal 
slice cultures to scrutinize processes and possible treat-
ment approaches for Traumatic Brain Injury (TBI) and 

different methods were described (Adamchik, Frantseva, 
Weisspapir, Carlen, & Perez Velazquez, 2000; Coburn, 
Maze, & Franks, 2008; Di Pietro et al., 2010; Di Pietro 
et al., 2013; Harris et al., 2013; Hughes, Silva, Ahmed, 
Shreiber, & Morrison, 2014; Krings, Höllig, Grüsser, 
Rossaint, & Coburn, 2016; Loetscher et al., 2009; Miller 
et al., 2015; Morrison, Cater, Benham, & Sundstrom, 
2006; Morrison et al., 2003; Roehl et al., 2010; Rossaint 
et al., 2009; Schoeler et al., 2012; Smith et al., 2016; Vo-
gel et al., 2016).

Following a well-established protocol for a TBI-exper-
iment (as described in Methods), we noticed that several 
factors may influence the results in such a set-up (Adam-
chik et al., 2000; Coburn et al., 2008; Grüßer et al., 2017; 
Krings et al., 2016; Loetscher et al., 2009; Roehl et al., 
2010; Rossaint et al., 2009; Schoeler et al., 2012). Here, 
we describe a structured approach to generate more com-
parable results and discuss why specific eligibility crite-
ria should be applied. We propose a six-step approach of 
comparing our results to ensure more precise findings.

2. Methods

The data used for this study are derived from our TBI-
experiments scrutinizing the impact of incubation with 
argon 50%, desflurane 6%, and their combination in 
1459 OHBS. The final results of assessed interventions 
are presented and discussed in a separate paper (Grüßer 
et al., 2017). Here, we describe a specific approach to 
improve quality of results in such a set-up. The study 

Highlights 

● Several factors may influence the results in an organotypic hippocampal brain slice model scrutinizing traumatic 
brain injury.

● In order to enhance comparability, a structured approach comprising inclusion and exclusion criteria is outlined.

● The proposed approach is applied to data derived from a traumatic brain injury experiment and exemplary results 
show that through equal requirements set for all slices more precise findings are ensured.
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treatment approaches for traumatic brain injury (TBI). Following a well-established protocol for a TBI-experiment we 
noticed that several factors may influence the results in such a set-up. We describe a structured approach to generate 
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checkpoints, inclusion- and exclusion criteria in order to enhance comparability. The proposed approach is applied to 
data derived from our TBI experiment. The exemplary results demonstrate how the outcome can differ when a measure 
is applied vs. when it is not applied. 
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was approved by the local Institutional Ethical Review 
Committee as well as the Institute of Animal Research 
Aachen University Hospital’s animal protection repre-
sentative according to the German animal protection law 
(TierSchG § 4, III). First, we briefly describe the well-
established TBI-protocol as described in the separate pa-
per (Grüßer et al., 2017). Second, we outline the six steps 
developed to generate more comparable results (Grüßer 
et al., 2017).

2.1. Organotypic hippocampal slices 

The OHBS were obtained from 5-7-day-old mice pups 
(C57BL/6N, Charles River Laboratories, Sulzfeld, Ger-
many) and kept in cultures as summarized in Suppl. 1, as 
previously described (Coburn et al., 2008; Grüßer et al., 
2017; Krings et al., 2016; Loetscher et al., 2009; Roehl 
et al., 2010; Rossaint et al., 2009; Schoeler et al., 2012; 
Stoppini et al., 1991).

2.2. Traumatic brain injury 

The experiments were performed as described before 
(Grüßer et al., 2017); For the experiment the growth 
medium (GM) was exchanged by an experimental me-
dium (EM) containing propium iodide (PI). Eventually, 
baseline fluorescence images, showing the cell damage 
before the experiment was started, were taken and tis-
sue plates were randomly assigned to their groups.Our 
experiment included four trauma and four non-trauma 
groups in which no and three different kinds of atmo-
spheric interventions took place. 

When assigned to a group, the TBI was elicited in a 
similar way to the procedure described by other re-
searchers (Adamchik et al., 2000; Coburn et al., 2008; 
Krings et al., 2016; Loetscher et al., 2009). A round sty-
lus was positioned 7 mm above the hippocampus slice 
and was then dropped dropped onto the slice positioned 
at a marked spot. After TBI was performed, EM was 
exchanged once more, and slices were incubated in the 
respective atmosphere. When assigned to a non-TBI 
group, slices underwent the same procedure except that 
no trauma was induced. After an incubation period of 
two hours, final fluorescence imaging took place for all 
groups.

2.3. Microscopy and assessment of cell death

PI, a dyeing agent that rapidly enters cells with dam-
aged membranes and binds to their DNA, was applied to 
assess the proportion of cell death (Macklis & Madison, 
1990). Images were captured with a fluorescence mi-

croscope and MetaVue software (MetaVue, Molecular 
Devices, Sunnyvale, CA, USA). Using ImageJ software 
(National Institutes of Health, Bethesda, MD, USA), 
a histogram of the red channel was generated. The his-
togram listed the sum of all pixels sharing the same 
greyscale value from 0 to 255. Previous studies have 
shown that values below a threshold of 100 are caused 
by background fluorescence so only values above this 
threshold were summed up to assess the extent of the 
cell injury (Loetscher et al., 2009; Roehl et al., 2010; 
Schoeler et al., 2012). Hence, the sum of the pixels in an 
image represents the damage of a slice, as demonstrated 
in the separate paper (Grüßer et al., 2017). 

SPSS v. 22 (IBM SPSS Statistics, IBM Corporation, 
Somers, NY, USA), was used to calculate the Mean 
value±Standard Error of the mean of the sum of pixels 
for each group. As a reference value, the trauma/no in-
tervention group’s mean value was normalized to unity. 
Statistical relevance was determined with the help of the 
Student t-test. P-values <0.05 were considered to be sig-
nificant. 

2.4. Recommendation: Six steps to generate more 
comparable results

Through a closer investigation of OHBS in our TBI-
experiment, we identified several factors that may influ-
ence the results. In order to enhance comparability, we 
developed the following six steps, which are summa-
rized in a model as shown in Figure 1.

2.4.1. Confirmation 

In a first step, it is recommended to verify that each 
picture taken shows only one slice, amounts to the pixels 
of this slice, and thus fully shows its cell damage. We 
suggest enhancing the contrast of each image captured 
(only for better visibility-pixel counts are determined as 
explained above) (Figure 2.1). This allows for the identi-
fication of a second slice in the picture and eventually the 
blackening of this area. Further, a thorough evaluation of 
each photograph is advantageous to detect small PI-clots 
or fusels. Finally, it can be ensured that each image taken 
before the experiment is matched with the correct one 
at later time-points of assessment (Figure 2.1, Example 
image step 1).

2.4.2. Identification of pre-damaged slices at base-
line assessment and exclusion 

Other researchers have pointed to the fact, that they ex-
cluded slices from their experiments if they were dam-
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aged at baseline assessment or showed high levels of PI 
fluorescence (Adamchik et al., 2000; Harris et al., 2013; 
Krings et al., 2016; Miller et al., 2015). However, no 
details were described, and in many papers, we did not 
find any information that slices were excluded. As in-
serts are moved for medium changes and are exposed to 

temperature fluctuations, pre-damage to the slice at base-
line assessment is a common feature. Moreover, prepara-
tion techniques and timing may still improve within the 
course of the experiment.

Figure 1: Flowchart summarizing the six-step approach 

The flowchart summarizes the six-step approach; we applied the proposed model to the data derived from our experiments 
on 1459 OHBS, as mentioned above. 
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It is crucial to avoid pre-damaged slices entering into 
the experiment, as their trauma intensity may falsify the 
results after the incubation time. Since it is unknown 
whether a higher amount of injured cells at baseline as-
sessment might affect or even exponentially increase 
the development of secondary injury, only minimally 
pre-damaged slices should be considered within the ex-
periment. In order to avoid bias in identification and out-
sourcing of these slices, an objective threshold should be 
defined. In our experiment, if baseline image histograms 
presented more than 1000 pixels, they would be sorted 
out as they were considered to be pre-damaged (Figure 
2.2, Example image of step 2).

2.4.3. Preparation margin error

Motor skills develop over training sessions and prob-
ably through different stages (Luft & Buitrago, 2005). 
Similarly, preparation techniques improve when regu-
larly dissecting the hippocampi. A typical feature we 
observed, especially within the first rounds of prepared 
slices, was a prominent margin due to-as suggested 
here-errors in preparation. Even though preparation 
steps were always strictly followed, some of the slices 
presented with noticeable frames of PI-detectable cells. 
The pictures taken at baseline assessment did not neces-
sarily exceed an integral of >1000 pixels. After an in-
cubation period of two hours, however, PI fluorescence 
was highly visible, and thus slices with such a prominent 
margin distorted the outcome of the affected groups. In 
order to objectively decide on what was a margin due to 
an error in preparation and what was average damage 
which would inevitably occur, the following threshold 
was applied: if the PI-detectable cell death in a margin 
exceeded >250 pixels, this margin was considered to be 
prominent enough to be an error stemming from errors in 
the preparation and its pixels were not added to the full 
integral of pixels in this picture (Figure 2.3). We took the 
same approach for slices presenting with a “one-celled” 
margin, which was observed in only two experimental 
series (Figure 2.3, Example image of step 3).

2.4.4. Morphological peculiarities

Within the course of the study, we noticed several mor-
phological peculiarities in varying degrees. These pe-
culiarities include what we describe as “holes”, “frayed 
margins”, and “emigrated cells” (Figure 2.4). A closer 
investigation of these phenomena is suggested for future 
studies, as we do not know why they occurred and can-
not evaluate whether electrophysiological consequences 
are entailed. We observed that “holes” often went in line 
with “frayed margins” and “emigrated cells”. However, 

these features also occurred independently from one an-
other. Additionally, by enhancing the contrast of the im-
age, we noticed that emigrated cells also existed at base-
line assessment, but this was not always PI-detectable 
by PI. Excluding all slices with a specific morphology 
would significantly decrease the number of slices avail-
able in specific groups. Therefore, we decided to refer to 
step 1: if slices with peculiarities presented with <1000 
pixels at baseline assessment, they would be taken into 
consideration for the experiment (Figure 2.4, Example 
image of step 4).

2.4.5. Variation of trauma intensities 

Within the course of the experiment, we observed 
that trauma intensities varied over time and that some 
experimental series, even within one group presented 
with different trauma severities inspite the same drop-
ping height was ensured (Figure 2.5). Thus, we saw the 
necessity to define a scope of trauma strength. A boxplot 
analysis was performed for the trauma control group, 
and extreme outliers were identified (n=2) and excluded. 
The new mean value of the trauma control group plus 
two times the standard deviation served as an upper 
threshold for all the other trauma groups.

Concerning trauma intensities, it should also be taken 
into consideration that depending on where the pin hits 
the slice, more or less tissue can be injured by secondary 
injury, i.e., if the pin hits the slice close to the margin 
there is less hippocampus to be affected in the following 
time. Also - as we experienced - the shapes of the hip-
pocampi vary where we found it is unlikely to work with 
extremely similar contoured slices. Hence, our approach 
was to take all slices into consideration except for those 
that were clearly not hit properly by the pin (n=7). 

In our experiment, we identified several borderline cas-
es, mostly in the intervention group presenting with the 
least secondary injury, where it appeared to be difficult to 
make a clear decision. For future researchers we would 
recommend to set a defined size before the experiment 
that has to be met to be considered for inclusion - con-
cerning the hippocampus itself (which is also of impor-
tance for the non-trauma groups), the pin’s impression 
and the area of secondary injury (Figure 2.5, Example 
image for step 5).

2.4.6. Susceptibility of non-trauma groups

We noticed that it is crucial to adjust the focus of the 
camera when taking pictures, particularly in regards to 
the non-trauma groups, where trauma intensities are 

Grüßer L., et al. (2019). A 6-step Approach to Gain Higher Quality Results From Organotypic Hippocampal Brain Slices. BCN, 10(5), 485-497.



Basic and Clinical

490

September, October 2019, Volume 10, Number 5

minimal. Blurry images can present with a lower amount 
of greyscale pixels as the majority of pixels are evalu-
ated as background fluorescence. Hence, in a few cases, 
it might still be possible that pre-damaged slices are not 
excluded by the aforementioned 1000-pixels threshold 
and then present with excessive greyscale values after 
the incubation time. Also- the other way round- a mis-
leadingly low number of pixels is possible when the pic-
ture was taken after the incubation time is blurry. 

In order to prevent biases by manually evaluating the 
sharpness of hundreds of pictures, we first excluded all 
images in the non-trauma groups that had lower pixel 
numbers after the incubation period than at baseline as-
sessment. We subjectively excluded 11 slices due to their 
size as, for example, they were too small to be consid-
ered a hippocampal slice. As mentioned above, in the 
future, a defined size of the hippocampus should be set 
prior to the experiment. In a next step, we performed a 
boxplot-analysis in each non-trauma group to exclude 
outliers. Thus, not only slices presenting with excessive 

Figure 2. Example images of steps

2.1: Example image of step 1: This picture is taken at the baseline assessment. A: Shows the image generated by ImageJ software 
via the red channel. B: shows the same slice after having enhanced the contrast; Figure 2.2: Example image of step 2: Picture A 
shows a slice at baseline assessment. Due the threshold number of pixels at baseline assessment <1000, this pre-damaged slice 
was restrained from entering the experiment. Thus, it could be avoided that the picture showing the trauma intensity after the 
incubation period (B) distorted the final results (B); Figure 2.3 Example image of step 3: Picture A shows a margin, which is 
probably due to errors within the preparation process. Picture B shows damage which probably occurs inevitably; Figure 2.4: 
Example image of step 4: Morphological peculiarities include what we called “holes”, “frayed margin”, and “emigrated cells”. 
These peculiarities are often only seen when the contrast is enhanced (A: picture generated by ImageJ; B: contrast additionally 
enhanced). The slice in the image (picture taken after the incubation time) shows all three peculiarities. The reason for these 
phenomena are unknown; Figure 2.5: Example image of step 5: As trauma intensities vary, it is important to set a scope of 
trauma strength. Picture A is an example of a very weak trauma, and picture B shows one of the slices excluded by the estab-
lished threshold; Figure 2.6: Example image of step 6: Picture A shows a slice at baseline assessment, which was not excluded 
by the threshold #pixels at baseline assessment <1000. Picture B shows the same slice after the incubation period. Through the 
performed boxplot analysis, this slice was identified and excluded eventually.
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trauma intensities due to pictures showing the pre-dam-
age at baseline assessment were blurry, but also slices 
damaged due to manual incautiousness or temperature 
change were excluded in an objective manner (Figure 
2-6, Example image of step 6).

3. Results

A six step approach to enhance comparability is pro-
posed. We applied the proposed model to the data de-
rived from our experiments on 1459 OHBS as mentioned 
above (Figure 1). In the following we present exemplary 
results that demonstrate how the outcome can differ 
when a measure is applied vs. when it is not applied. 

After the first checkpoint, step 1, (confirmation), 1459 
slices were assessed for pre-damage, step 2. As Fig-
ure 3.1 shows, the difference between two non-trauma 
groups seems to be significant at first glance; yet, when 
it is ascertained that baseline slices in both groups were 
presented with similar PI-detectable trauma intensities, 
this difference did not turn out to be significant any-
more (P=0.004 vs. P=0.716. In a next step, the slices 
were screened for preparatory margins (step 3). Figure 
3.2 demonstrates the difference in results when prepara-
tion errors are not vs. when they are taken into consider-
ation. Misleadingly, the non-trauma/intervention group 
2 would have been considered significantly more injured 

Figure 3. Results demonstrate that more precise findings are ascertained

Figure 3.1: This image shows the trauma intensity of two non-trauma groups without applying a threshold concerning pre-
damage compared to when a threshold is used (step 2). The difference in between the two groups is not significant anymore 
when the threshold concerning pre-damage is applied (P=0.004 vs. P=0.716); Figure 3.2: This image shows the results of two 
non-trauma groups before and after taking margins possibly caused by errors in the preparatory process into consideration. 
Our established threshold (step 3) aims to identify those errors and subtract the cell death of those margin areas. The difference 
in between the two groups is not significant when those margins are considered (P=0.004 vs. P=0.444); Figure 3.3: This image 
shows that the difference in between the two trauma groups is not significant when outliers are identified and excluded, as 
described in step 5. The difference in between the two groups seems to be significant at first glance, but it is not (P<0.001 vs. 
P=0.304); Figure 3.4: This image shows This image shows that also in the non-trauma groups results can differ when outliers 
are identified and excluded (step 6). The results show that the difference between the two groups is not as striking as expected 
at first (P= 0.016 vs. P=0.075).
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than the non-trauma/intervention group 1 (P=0.004 vs. 
P=0.444. 

Without having applied this measure, a difference in 
between the two groups would have mistakenly been as-
cribed to the specific interventions. By subtracting mar-
gins stemming from errors in the preparatory process, 
more slices met the baseline assessment threshold and 
were considered for the next steps (393 slices after step 
2 vs. 399 slices after step 3 in the trauma groups and 568 
vs. 637 slices in the non-trauma groups). Morphologi-
cal peculiarities, as described in step 4 require further 
investigation. 

Step 5 aims to set a scope concerning trauma intensi-
ties in the trauma groups. Figure 3.3 demonstrates that 
without a set scope, the trauma/intervention group 3 would 
misleadingly have been considered to generate a neuro-
harming effect in comparison to the trauma/intervention 
group 2 (P<0.001 vs. P=0.304. Identifying and excluding 
outliers in the non-trauma groups (step 6) revealed that the 
difference between the non-trauma/no intervention group 
and the non-trauma/intervention group 3 was not signifi-
cant (P=0.016 vs. P=0.075 (Figure 3.4). 

Within the six-step approach the number of slices was 
narrowed down to 547 pictures in the non-trauma groups 
and 341 pictures in the trauma groups (Figure 1). Thus, 
61% of the slices met the proposed inclusion criteria 
(Figure 3; results demonstrating more precise findings).

4. Discussion

Working with OHBS in a TBI-experiment, we noticed 
that several factors may influence the results. To our 
knowledge, detailed objective manners to generate more 
comparable results in such a susceptible set-up have not 
been discussed so far. The proposed model aims to set 
clear requirements in order to diminish the possibility 
of pre-damaged slices entering into the experiment and 
outliers skewing the final results. This methodological 
approach provides a first framework to cope with the 
broad variation observed in these models. Our exempla-
ry results show that through equal requirements set for 
all slices more precise findings are ensured. 

In vitro models provide a useful tool to scrutinize 
processes and treatment options in the initial step. In 
between dissociated cell cultures and the in vivo state, 
OHBS present a potent alternative (Humpel, 2015; Li 
et al., 2016; Morrison, Saatman, Meaney, & McIntosh, 
1998; Noraberg et al., 2005). The hippocampal circuits 
in organotypic brain slices usually derived from early 

postnatal animals, are found to be indeed similar to the 
in vivo state but some differences have been detected 
(Gähwiler et al., 1997; Gogolla, Galimberti, DePaola, & 
Caroni, 2006).

Of course, variables like perfusion, intracranial pres-
sure, or the blood-brain barrier are not yet reflected in 
organotypic brain slice models, and the use of adult do-
nor animals for organotypic brain slices has been scarce 
(Humpel, 2015; Li et al., 2016). Nonetheless, slices have 
been shown to remain 100-150 µm thick with a three-
dimensional organization of connectivity (Gähwiler et 
al., 1997; Gogolla et al., 2006; Li et al., 2016; Stoppini 
et al., 1991). Notably, outcomes of studies working with 
OHBS have successfully been reproduced in in vivo 
models demonstrating the potential of this setup. For 
example, argon and xenon displayed a neuroprotective 
profile in OHBS models which could be substantiated 
in in vivo studies (Brücken et al., 2013; Coburn et al., 
2008; Harris et al., 2013; Loetscher et al., 2009; Zhuang 
et al., 2012).

An important implication of research with organotypic 
brain slices is the reduction of the number of animal ex-
periments (Humpel, 2015; Li et al., 2016). Further, in 
in vitro models of CNS injury, the associated costs are 
lower (Morrison et al., 1998). In their reviews on brain 
slice models, Noraberg et al. concluded that organotypic 
brain slices emerged to be an increasingly popular tool 
to investigate neurological diseases and Cho et al. assert 
that through advancements of brain slices and techno-
logical innovations in this field there is now a tremen-
dous potential to address questions quicker (Cho et al., 
2007; Noraberg et al., 2005).

To our knowledge, clear and objective procedures to 
make results more comparable within one experiment 
and among different studies have not been discussed in 
detail yet. Retrospectively, Guy et al.'s method of deter-
mining slice thickness as a parameter for OHBS health 
might present a useful additional measure (Guy, Rupert, 
Sandberg, & Weber, 2011). In their review, Humpel et 
al. generally recommend to withdraw thick and not flat-
tened slices. The outgrowth of cells from the edge of the 
living slices and a change in color to transparent grey 
color in the first week are criteria described for ‘good’ 
slices (Humpel, 2015).

De Simoni et al. point to the fact that it is difficult to 
identify pyramidal cell layers in an unhealthy slice (De 
Simoni & Yu, 2006). Also, Gogolla et al.'s recommenda-
tion not to culture slices with a lesioned CA1 region or 
a lesioned or a detached dentate gyrus but only slices 
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‘with nice cell layers in the dentate gyrus and CA1-3 and 
smooth margins’ seems to be a reasonable approach to be 
taken into consideration for future researchers (Gogolla 
et al., 2006). Our model mainly relied on PI-detectable 
cell death, however other cell-specific markers than PI 
can be used (Humpel, 2015).

Experimental papers often do not report about slice 
selection. Some researchers have pointed to difficulties, 
e.g., variation in PI-uptake, incomplete layers or pre-
damage, but did not explain objective criteria concern-
ing how or why brain slices were excluded or included 
(Adamchik et al., 2000; Harris et al., 2013; Krings et al., 
2016; Li et al., 2016; Miller et al., 2015). For clinical 
trials, participants must meet specific standards, they 
must fulfil ‘inclusion criteria’ or are prohibited from par-
ticipating due to ‘exclusion criteria’ (National Institutes 
of Health, 2016). This does not only protect the partici-
pants’ safety but also ensures that the subsequent results 
are more comparable as the study population is more 
alike. 

Within our TBI-experiment in OHBS, we found that 
results differ when hippocampal brain slices undergo 
specific assessments for eligibility eligibility. We found 
that hippocampal brain slices can present with pre-
damage or specific peculiarities and identified factors 
that might affect the final outcome. 

In general, researchers should aim to work as cau-
tiously as possible to avoid imprecise preparation, long 
temperature changes, accidental shaking, or changes 
in the experimental process. Albeit all precautions are 
taken, organizational challenges with regards to tim-
ing, the microscope setting, or the medium may occur. 
Fluctuations in the severity of trauma may distort the 
outcome. Even though the reasons are not clear, our re-
sults show that hippocampal brain slices do not neces-
sarily present an unconditionally homogenous group. 
Thus, eligibility criteria for OHBS present a plausible 
conclusion. 

In order to avoid bias by manually evaluating slices, 
the criteria set should be as objective as possible. If slices 
are very uniform and interventions are very consistent, 
the eligibility criteria do not interfere with the final out-
come. If any inconsistencies occur, the applied measures 
increase the chances of more precise conclusions to be 
drawn. In our experiment, for example, a considerable 
amount of data were deemed unusable as the slices were 
considered to be pre-damaged. Even though this thresh-
old was chosen arbitrarily, we could thus ensure that 
equal requirements were set for all experimental series. 

Our results demonstrate that outcomes in a TBI experi-
ment with OHBS should be analyzed critically as in-
homogeneities may occur. Altogether, the proposed six 
steps are designed to take possible errors into consider-
ation, help to contextualize the findings and make results 
more comparable. In the future, enhanced comparability 
may decrease the number of animals needed.

Limitations

This framework presents a first attempt to enhance 
comparability in an in vitro model of TBI in OHBS. 
Further research is recommended to confirm and further 
develop this model in studies designed for this cause. It 
may improve quality of the results if the general recom-
mendations listed above were specified and also consid-
ered in the proposed approach as PI-detectable cell death 
and the proposed measures might not be sufficient.

Some challenges remain that could not be adequately 
addressed. First, the proposed thresholds are chosen ar-
bitrarily, and future researchers are recommended to find 
a statistical solution of what should be considered ineli-
gible, i.e. pre-damage. 

Another disadvantage might be that obvious prepara-
tory margins with less than 250 pixels could still have 
entered the experiment. As the margins had to be identi-
fied and blackened manually, this represents a subjective 
component and remains a potential source of error. We 
aimed to blacken only areas of cell death, possibly stem-
ming from errors in the preparation process as the mor-
phological peculiarities and their origin are unknown. 
However, it was not always clearly distinguishable if a 
specific area should be considered as a “preparatory er-
ror”, a “frayed margin”, a “hole”, or as “emigrated cells”. 
For further studies, we would also recommend to con-
stantly allocate slices prepared in one series to all groups 
in order to distribute potential errors more equally. 

Despite all measures taken, slices e.g., too small to 
be considered as a hippocampus or slices that were not 
clearly hit by the pin had to be identified. We tried to 
minimize the number of slices excluded manually, so 
this presents a subjective choice, and we recommend 
defining inclusion criteria concerning the size of the hip-
pocampi and the trauma area prior to the experiment for 
future researchers. This seems particularly useful as the 
trauma produced by the pin in our experiment does not 
always resemble a proper circle, which can also be seen 
in images shown in other papers (Adamchik et al., 2000; 
Roehl et al., 2010). It is unclear whether this is typical 
as the injury spreads non-circularly throughout the slice 
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depending on differences in susceptibility of cells or is 
caused by other factors, as, e.g., an oblique fall. 

Although the framework was constructed to avoid fu-
ture errors, there may be cases that were not caught. For 
example, our measures taken to exclude the most blurry 
pictures might not be sufficient enough to identify slight-
ly blurry pictures. We included all slices and applied 
the measures proposed; however, numerical thresholds 
cannot identify, i.e., morphological completeness. Not-
withstanding that a considerable amount of data is sorted 
out when the inclusion criteria are not met, this model 
presents the first approach to make research with hip-
pocampal brain slices in an in vitro model of TBI more 
comparable. 

5. Conclusion

Several factors may influence experimental outcomes 
in a TBI-experiment in OHBS. In order to reach the 
most precise outcome, checkpoints should be set, pre-
damaged slices have to be defined and restrained from 
entering into the experiment, and unrealistic outliers 
have to be detected and eventually excluded. Objective 
approaches presented in our framework include the in-
stallation of thresholds and boxplot-analyses. Our exem-
plary results demonstrate that more comparable findings 
can thus be ensured. Further research is recommended 
to confirm and further develop this model and to scru-
tinize morphological peculiarities, their origin and their 
potential impact on cell survival and electrophysiologi-
cal functioning.
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Supplementary information. 1

Organotypic Hippocampal Brain Slices (OHBS)

The OHBS were obtained from 5-7-day old mice pups (C57BL/6N, Charles River Laboratories, Sulzfeld, Germany):

● The mice pups’ heads were cut off with scissors. Their brains were rapidly removed and immersed in an ice-cold 
Preparation Medium (PM).

● Using a dissection microscope, the brains were then cut into two hemispheres.

● In the next step, the frontal brain and cerebellum were removed, and the hemispheres were cut into 400-µm thick 
transverse slices with a McIllwain tissue chopper (The Mickle Laboratory Engineering Co. Ltd., UK).

● After further preparation was performed, the hippocampi slices were arranged onto the membrane of a MilliCell 
tissue culture insert (MilliCell-CM, Millipore Corporation, USA).

● Eventually, the inserts were placed in tissue culture plates. Growth Medium (GM) was placed underneath the tissue 
culture insert.

● The cell cultures were incubated for 14 days. The GM was changed 24 hours after preparation and after that every 
three days.

● For experiments, GM was exchanged by Experimental Medium (EM) containing propidium iodide (PI).

As described before (Grüßer et al., 2017), PM consists of 100% Gey’s balanced salt solution (Sigma-Aldrich, Munich, 
Germany) and 5 mg/mL D-(+)Glucose (Roth, Karlsruhe, Germany). GM consists of 50% Eagle minimal essential me-
dium with Earle‘s salts (Sigma-Aldrich, Munich, Germany), 25% heat inactive horse serum (Sigma-Aldrich, Munich, 
Germany) and 25% Hank’s balanced salt solution (Sigma-Aldrich, Munich, Germany), 5 mg/mL D-(+)Glucose (Roth, 
Karlsruhe, Germany), HEPES buffer solution (Fluka, Bucks, Switzerland), 1 Vol.% antibiotic/antimycotic solution: 
penicillin G GIBCO™ 10000 U/mL, streptomycin sulphate 10 mg/mL, amphotericin B 25 µg/mL (Thermo Fisher Sci-
entific Brand), L-glutamine (Sigma-Aldrich, Munich, Germany). EM consists of 75% Eagle minimal essential medium 
with Earle‘s salts (Sigma-Aldrich, Munich, Germany), 25% Hank’s balanced salt solution (Sigma-Aldrich, Munich, 
Germany), 5 mg/mL D-(+)glucose (Roth, Karlsruhe, Germany), HEPES buffer solution (Fluka, Bucks, Switzerland), 
1 Vol.% antibiotic/antimycotic solution: penicillin G GIBCO™ 10000 U/mL, streptomycin sulphate 10 mg/mL, am-
photericin B 25 µg/mL (Thermo Fisher Scientific Brand), L-glutamine (Sigma-Aldrich, Munich, Germany) and 3 µL/
mL propidium iodide (PI) (Sigma Aldrich, Munich, Germany).
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