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Abstract

For years, strategies have been proposed to improve translational success in stroke research by 

improving the quality of animal studies. However, articles that report preclinical intracerebral 

hemorrhage (ICH) studies continue to lack adequate qualitative and quantitative descriptions of 

fresh brain tissue collection. They also tend to lack transparency about animal model quality. We 

conducted a systematic review of 82 ICH research articles to determine the level of detail reported 

for brain tissue collection. We found that only 24 (29%) reported the volume, weight, or thickness 

of tissue collected and a specific description of the anatomical location. Thus, up to 71% of 

preclinical ICH research articles did not properly define how fresh specimens were collected for 

biochemical measurements. Such omissions may impede reproducibility of results between 

laboratories. Although existing criteria have improved the quality of preclinical stroke studies, 

ICH researchers need to identify specific guidelines and strategies to avoid pitfalls, minimize bias, 

and increase reproducibility in this field.

(corresponding author): J. Wang, Phone: +1 443-287-5490; Fax: +1 410-502-5177; jwang79@jhmi.edu. 

Author contributions
C-F.C. and J.W. conceived and wrote the paper, C-F.C. and L.C. designed the search strategy and selection criteria, C-F.C., L.C., and 
J.W. performed article identification and evaluation, C-F.C. performed hemorrhage models for the representative images. All authors 
revised the manuscript and read and approved the final version before submission.

Compliance with Ethics Requirements
C-F.C. declares that he has no conflict of interest; C.C. declares that she has no conflict of interest; J. W. declares that he has no 
conflict of interest.

All institutional and national guidelines for the care and use of laboratory animals were followed.

HHS Public Access
Author manuscript
Transl Stroke Res. Author manuscript; available in PMC 2016 October 01.

Published in final edited form as:
Transl Stroke Res. 2015 October ; 6(5): 384–389. doi:10.1007/s12975-015-0399-5.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

preclinical criteria; translational medicine; intracerebral hemorrhage; hematoma; multidisciplinary 
collaboration; basic science

Current Progress and Bottlenecks in Preclinical Intracerebral Hemorrhage 

Research

The pathological mechanism of ischemic stroke is relatively well established owing to 

decades of exhaustive preclinical and clinical research efforts. This work has led to a 

decrease in the incidence and mortality of ischemic stroke in the United States. In contrast, 

intracerebral hemorrhage (ICH) has no approved therapies, and, despite ongoing research, 

its morbidity and mortality have not declined in the last two decades [1-3]. The fact is that 

ischemic stroke and hemorrhagic stroke differ in major pathology. Lack of blood supply to a 

particular brain region causes ischemic stroke damage, whereas accumulation of blood 

within the brain parenchyma triggers specific pathologic cascades after ICH [4-8]. Thus, 

additional ICH research is urgently needed that will provide data with more predictive value 

[9, 10]. Compared with preclinical ischemic stroke research, which traces its roots to the 

1970s, preclinical ICH research is still in its infancy. The two most common ICH models 

induced by collagenase or blood were not refined in rats until the 1990s [11, 12] and were 

not developed and characterized for mice until the late 1990s and early 2000s [13-15]. 

Although ischemic stroke research has a longer history, its progress has been fraught with 

setbacks, as promising therapies that have worked in the laboratory have failed to succeed in 

clinical trials [16], Therefore, ICH researchers should try not to repeat the history of the 

ischemic stroke [17], but rather contemplate specific strategies and procedures to improve 

the quality of preclinical ICH research itself.

Recently, published guidelines have emphasized the need to improve preclinical research 

quality in translational stroke research [18-25]. Improved and more consistent 

randomization, blinding, sample size calculation, inclusion/exclusion criteria, allocation 

concealment, and data handling will reduce bias and increase reproducibility in preclinical 

stroke research (NINDS, 2011). However, a clear description of the process by which fresh 

brain tissue specimens are collected for biochemical measurements after ICH has seldom 

been discussed. In particular, the origin of brain tissue can greatly affect the results of 

biomedical assays, which are essential for identifying novel molecular targets, testing drug 

efficacy, and detecting adverse effects of drugs in translational medicine [26].

Hemorrhagic brain is challenging to study because intraparenchymal hematoma, along with 

the presence of blood degradation products, increases the complexity of tissue architecture. 

The location of ICH also significantly influences the development of strategies and 

procedures to treat and manage patients [27]. Therefore, ICH researchers should consider 

how to define and collect specific brain regions from animals before performing 

biochemical or molecular biological studies. Furthermore, it has been suggested that 

collaboration between basic and clinical research teams improves the ease with which basic 

science results can be translated into clinical application [28, 29]. Having a qualitative, 
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quantitative, transparent, and standardized description of the method for collecting fresh 

brain tissue, as well as clear measures of success, can help researchers communicate 

strategies, reduce experimental variation, and assess reproducibility of experimental results 

within and among individuals or teams.

Currently, little is known about how sampling of fresh specimens is reported in different 

articles. Therefore, we conducted a systematic literature review to assess how sampling 

methods for fresh brain specimens are reported, specifically in ICH research. We included 

articles in which rodent brain tissues were collected and processed primarily for protein 

extraction, nucleotide purification, and common biochemical endpoints, such as Western 

blots, enzyme-linked immunosorbent assay, and gel zymography. In addition, we provide an 

example of how to present preclinical model quality and how to collect standardized fresh 

brain tissue specimens.

Search Strategy, Selection Criteria, and Data Extraction

We searched articles published between Jan 1, 2009, and Aug 8, 2014, in the PubMed 

database, with the following search strategy: (“intracerebral hemorrhage” OR “intracerebral 

haemorrhage” OR “intracranial hemorrhage” OR “intracranial haemorrhage” OR 

“intracerebral hematoma” OR “intracranial hematoma” OR “hemorrhagic stroke”) AND (rat 

OR rats OR mice OR mouse OR rodent) AND (“western” OR “protein extraction” OR 

“cytosolic protein” OR “nuclear protein” OR elisa OR zymography OR PCR OR “RNA 

extraction” OR “gene expression” OR “DNA extraction”). Studies were included if they met 

all of the following criteria: 1) they were ICH preclinical studies; 2) they used a rodent 

collagenase or blood injection model; 3) the investigators conducted biochemical 

measurements in fresh brain specimens; 4) they were published in English. Two authors (C-

F.C. and L.C.) conducted independent title scans and abstract reviews and reviewed the full 

articles to assess eligibility for inclusion (see supplemental references for inclusive articles). 

Standardized forms were created for data extraction (see details in supplemental table). Any 

disagreements between the two authors were resolved through discussion with the third 

author (J.W.).

Potential Bias in Recent Preclinical ICH Studies

We identified 155 potentially relevant articles, retrieved 98 full articles, and included 82 

articles for review (Fig. 1A). As shown in Table 1, in the past few years, more and more 

studies have used biochemical analyses in preclinical ICH research. Fresh brain tissue 

collected from euthanized animals was used most frequently for these analyses. However, 

only 24 of 82 articles (29%) reported qualitative and quantitative details regarding how fresh 

specimens were collected. These 24 articles provided specific descriptions of tissue region 

based on a referable stereotaxic brain origin, as well as exact volume, weight, or thickness. 

Only three studies described the tools used to prepare tissue samples with fixed sizes from 

referable brain anatomical locations [30-32]. Twenty-one articles (27%) provided an 

approximate description of what brain areas were collected but offered no quantitative 

details, and the remaining 36 articles (44%) provided no information regarding a 
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standardized process or the specific brain region collected in relation to hemorrhage location 

(see supplemental table for original descriptions).

Simply stated, the location from which tissue samples are collected can directly influence 

biochemical analytic results because the biochemical activities in specialized brain areas can 

differ substantially and the hemorrhagic territory directly affects these activities. If the 

description of tissue collection is unclear, the results from biochemical experiments may not 

be reproducible when the same experiment is undertaken by other laboratories, greatly 

hindering the development of novel interventions [33]. Moreover, few of the articles that we 

reviewed contained images of the brain hemorrhagic territory to demonstrate the quality of 

the experimental model used. Therefore, how the tissue samples are collected should be 

defined both qualitatively and quantitatively to enhance intra- and inter-laboratory 

reproducibility and to increase translational success rate in the ICH field. More than 10 years 

ago, in a preclinical ICH study, Wu et al. [34] qualitatively and quantitatively detailed their 

method for obtaining brain tissue specimens for biochemical measurements. Their 

description is exemplary of the information that should be provided in a research article. 

However, today, the practice of defining what type of tissue specimen is collected for 

biochemical analysis seems to be ignored. The absence of such basic methodological details 

should be a concern for researchers in the field of translational ICH research.

A Practicable Approach for Fresh Brain Tissue Sampling

In our systematic review, the articles that provided information about tools used to prepare 

brain tissue samples all mentioned the brain matrix [30-32]. The brain matrix enables 

researchers to obtain coronal sections with a fixed distance according to the experimental 

design. By using a delineated brain matrix, one can cut fresh brain into uniform, 1-mm 

sections at specific times after ICH induction and display images of these sections as shown 

in Fig. 1B. Defining hemorrhagic territory in an ICH research paper is important because 

researchers can further detail tissue sample thickness, volume, weight, and characteristics, as 

well as the specific brain region(s) collected.

Fig. 1B shows images of brain slices prepared from mice that have undergone striatial, 

cortical, hippocampal, or intraventricular hemorrhage. Here, we will use striatal hemorrhage 

as an example to describe the strategy of standardized hemorrhagic tissue processing (Fig. 

1C; adapted from Chang et al., Ann Clin Transl Neurol, 2014) because putaminal-capsular 

hemorrhage is the most common type of ICH in humans, and striatal ICH is the most widely 

used preclinical ICH model. Initially, two blades are used to separate cerebellum and 

olfactory bulbs. In this case, the major hemorrhagic territory is located between sections 1 

and 4 and affects a coronal area approximately 4 mm in thickness (Fig. 1B; s-ICH panel; 

hemorrhagic territory may vary depending on the conditions of ICH induction). Therefore, 

the second blades are used to separate this 4-mm region from the whole brain compartment. 

Then this region is cut into ipsilateral and contralateral hemispheres. All investigators can 

obtain a uniform tissue sample regardless of experience level. If hemorrhagic or 

perihemorrhagic core tissue is needed for specific assays, the third blades can be used to 

divide the core area from the original 4-mm-thick coronal region (the needle track is within 

the center of this 2-mm-thick coronal tissue). Hematoma can be either delicately removed 
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from the coronal brain tissue or completely preserved according to the specific experimental 

objective. Use of this procedure can ensure that the tissue collected by different researchers 

in one lab is of similar quality. One research team can also ensure uniformity between their 

samples and those of their collaborators, thereby reducing variation and increasing 

reproducibility.

Recommendations

Here, we make a few recommendations for future preclinical research and specifically focus 

on ICH. First, we recommend using methodology for fresh brain tissue collection that is 

described above and in Fig. 1C to increase inter-laboratory reproducibility in preclinical 

studies. Second, because hematoma is the ictus of this disease, we suggest that a complete 

image set of the hematoma territory be provided as supplementary information in a research 

paper (as shown in Fig. 1B). This strategy can help researchers to understand the quality of 

the preclinical model(s) that was established, regardless of whether the collagenase or blood 

model was used. Third, the location from which tissue was collected for biomedical studies 

should be well-defined according to specific brain orientation or origin. We suggest that 

researchers use the location of hematoma core or specific brain area as a reference origin to 

describe the orientation of tissue sample and use a gauged tool to standardize the tissue 

collection procedure.

Conclusion

In the past, the common endpoints used in preclinical ICH studies relied largely on brain 

lesion volume, edema, cell death, histological evaluation, and functional tests; only 10% of 

ICH studies used biochemical endpoints [35]. Now, more and more studies are using 

biochemical assays in preclinical ICH research (Table 1), emphasizing the importance of the 

molecular and mechanistic studies. It is widely accepted that the preclinical results should be 

verified by multiple investigators before clinical trials are conducted [36] and that clinical 

and basic research scientists require extensive collaboration to complete translational 

research projects [28, 29]. Reducing research bias and establishing effective communication 

platforms for lab–lab collaboration will be crucial for accelerating preclinical progress in 

translational medicine. However, the bias produced when the tissue sampling procedure 

lacks transparency and standardization may hinder the progress of preclinical ICH studies. 

Although the strategy suggested here may not meet all experimental objectives, we believe 

that reporting a standardized and well-defined methodological procedure and the quality of 

the animal model used could enable researchers to replicate experiments and confirm 

important preclinical results. Efforts have been increasing in the preclinical ICH field, but 

current treatment options for ICH still lag far behind those for ischemic stroke; consequently 

mortality for ICH has failed to decline. Therefore, researchers should start to delineate 

specific strategies that can minimize inter-laboratory variability and bias for translational 

ICH studies. We also appeal to researchers to start discussing bottlenecks and 

communicating new strategies that will reduce pitfalls in translational ICH research.
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Figure 1. 
(A) Flow chart of literature search and selection. (B) Representative coronal brain sections 

show the difference in hemorrhagic patterns among striatal (s-), cortical (c-), and 

hippocampal (h-) intracerebral hemorrhage (ICH) and between severe (s-) and mild (m-) 

intraventricular hemorrhage (IVH). All hemorrhages were induced in the left hemisphere. 

(C) Example of a strategic method to obtain uniform and reproducible brain tissue samples 

for biomedical analysis after s-ICH; ips, ipsilateral; contra, contralateral.
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Table 1

Number of studies by tissue collection strategy

Year Number of studies Did not define
strategy (n)

Defined strategy
qualitatively (n)

Defined strategy qualitatively and
quantitatively (n)

2009 6 2 2 2

2010 7 3 3 1

2011 15 7 5 3

2012 17 9 2 6

2013 24 10 8 6

2014 13 5 2 6

Total 82 36 22 24

*
Articles published between Jan 1, 2009, and Aug 8, 2014, were included based on the PubMed database search.
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