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Comparison of Different Environmental Conditions in the 
Follow-up of Subarachnoid Haemorrhage: 
An Experimental Rat Study

ABSTRACT

AIM: We questioned the effect of different environmental conditions on the brain in rats with subarachnoid haemorrhage. 
MATERIAL and METHODS: Microtubules in neurons mediate both the consciousness and memory and regulate firing. Microtubule-
associated proteins promote microtubule organisation and dynamics. We investigated MAP2, tau and amyloid beta levels in the 
hippocampus and the frontal cortex after experimental subarachnoid haemorrhage in rats. Subjects were divided into subgroups 
and were housed either in an enriched, standard or isolated environment. Tissue levels were measured on day 7 for short-term 
outcomes and on day 14 for long-term outcomes after subaracnoid haemorrhage.
RESULTS: After subaracnoid haemorrhage, the results showed that decreased microtubule-associated proteins 2 levels, a trend 
in pathologic tau accumulation and increased amyloid beta levels in different brain regions of rats kept in an isolated environment. 
Frontal lobe microtubule-associated proteins 2 levels were increased in rats kept in an enriched environment for 7 days. Pathological 
hippocampal tau and frontal lobe amyloid beta levels were increased in rats kept in an isolated environment for 7 days. Increased 
microtubule-associated proteins 2 levels in the hippocampus, decreased frontal and hippocampal amyloid beta were seen in rats 
kept in an enriched environment for 14 days. 
CONCLUSION: Although it would be too early to offer recommendations, results of the present study support that an enriched 
environment may be more valuable in the follow-up of subaracnoid haemorrhage. Further experimental studies would provide more 
reliable results to facilitate discussions about how to optimise the patient’s environmental conditions. 
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Original Investigation

█   INTRODUCTION

Subarachnoid haemorrhage (SAH) is a medical emergency 
associated with high morbidity and mortality. Diffuse brain 
damage, secondary complications and elevated intracra-

nial pressure may cause functional deficits in consciousness, 
cognition and memory in addition to impaired clinical status 

on different scales (1). Many hospitalised patients with SAH 
need long-term follow-up in the intensive or intermediate care 
unit. However, there is no definite and defined consensus on 
whether the nature of a patient’s environmental condition has 
an effect or not. Although neurons of both the hippocampus 
and cortex are known to be positively affected in an enriched 
environment (12, 15), the overall belief and tendency in the 
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follow-up of SAH are to keep the patient isolated or in a stan-
dard environment.

Microtubules, the major components of neurons, mediate 
both consciousness and memory and regulate firing (6). Their 
functions are important in neuronal development, plasticity 
and polarisation. Disruptions of microtubule organisation and 
dynamics may cause loss of neuronal integrity and function 
(5,8). Tau and other microtubule-associated proteins (MAPs) 
promote both the assembly and stabilisation of neuronal 
microtubules (5). They regulate microtubule networks and 
their functions in axons and dendrites of neurons (4,16). 
The MAP2/tau family of proteins are originally characterised 
by their ability to bind microtubules. In brain trauma and 
damage, decreased cortical and hippocampal levels of MAP2 
have been shown (2,10). Increased amyloid beta induces 
pathological changes in tau proteins and neuronal cells. Thus, 
the combined consideration of amyloid beta and tau proteins 
is a more reliable indicator to evaluate the pathological 
accumulation of tau (3,22,25).

We investigated MAP2, tau and amyloid beta levels in the 
hippocampus and the frontal cortex after experimental 
subarachnoid haemorrhage in rats housed either in enriched, 
standard or isolated environments. 

█     MATERIALS and METHODS 
Groups

One hundred twenty-two Sprague Dawley female rats with a 
weight of 250–350 g were selected from a group of healthy 
2.5–3 month-olds. Rats were first divided into the SAH and 
the control group, and then these groups were subdivided into 
different environments. A double-haemorrhage model was 
used to create the SAH model (tail blood was injected into the 
cisterna magna). Eighty experimental rats were used for the 

SAH model, and 38 of them died during the applied surgery or 
in the short post-surgical period. 

Initially, each animal was held in a single standard cage for one 
day. Then, 7 rats from each group were placed into previously 
prepared cages with different environmental conditions. For 
control groups, another 42 rats were placed in cages with 
different environmental conditions so that 7 rats would be 
kept in each group without surgery.

On the condition of being able to examine the effects of 
different environmental conditions for both short and long 
periods of time, half of the rats were kept for 7 days and 
the other half for 14 days. The list of experimental groups is 
provided in Table I.

Cages for Different Environments

For the standard environment, standard rat cages were used, 
and 3-4 rats were placed in each cage. Rats were maintained 
at normal room temperature, provided 12-hour light and dark 
cycle conditions and allowed continuous access to food.

Special cages were prepared for an enriched environment. 
These cages were larger and had two flats with a staircase for 
the rats to reach the flats. Several toys were left in the cage 
and were changed every 48 hours. Between the hours 19:00 
and 20:00, classical music accompanied by a low-pitched 
voice was piped into cages. Rats were maintained at normal 
room temperature, provided 12-hour light and dark cycle 
conditions and allowed continuous access to food.

For the isolated environment, cages smaller than those used 
for the standard environment were used. Cages were covered 
with aluminium foil on all four sides, and with the top open, 
a cage was prepared for each animal. Rats were maintained 
at normal room temperature, provided 12-hour light and dark 
cycle conditions and allowed continuous access to food.

Table I: The List of Experimental Groups

GROUPS

1.Group Control + 7 days in STANDARD environment (SE7)

2.Group Control + 7 days in ISOLATED environment  (IE7)

3.Group Control + 7 days in ENRICHED environment (EE7)

4.Group SAH (1cc autologous blood) + 7 days in STANDARD environment (SAH SE7)

5.Group SAH (1cc autologous blood) + 7 days in ISOLATED environment (SAH IE7)

6.Group SAH (1cc autologous blood)  + 7 days in ENRICHED environment (SAH EE7)

7.Group Control + 14 days in STANDARD environment (SE14)

8.Group Control + 14 days in ISOLATED environment (IE 14)

9.Group Control + 14 days in ENRICHED environment (EE 14)

10.Group SAH (1cc autologous blood) + 14 days in STANDARD environment (SAH SE14)

11.Group SAH (1cc autologous blood) + 14 days in ISOLATED environment (SAH IE14)

12.Group SAH (1cc autologous blood)  + 14 days in ENRICHED environment (SAH EE14)
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Collection of Tissue Samples

Rats in the short-term group were anaesthetised on day 7 
and rats in the long-term group were anaesthetised on day 
14 (intramuscular 5 mg/kg xylazine hydrochloride, 30 mg/kg 
ketamine). 

After their aortas were perfused with 200 cc normal saline, 
rats were decapitated, and brains were immediately removed 
and placed on ice. The hippocampus and the prefrontal cortex 
were dissected, frozen and stored at −80 °C.

Measurement of MAP2, tau protein and amyloid beta 
levels in tissue samples

At the beginning of the measurement, samples were taken out 
of −80 °C, placed in 1 cc PBS and homogenised with a knife 
homogeniser while on ice. Specific ELISA tests were used 
to identify MAP2, tau protein and amyloid beta levels in the 
samples. 

For MAP2 protein level determinations, ‘CUSABIO 
microtubule-associated protein 2 (MAP2) ELISA Kit (Cat 
No: CSB-E12806r)’; for Aβ protein level determinations, 
‘MyBioSourceRat total amyloid beta peptide ELISA Kit (Cat 
No: MBS728317)’; for Tau protein level determinations, 
‘Elabscience Rat MAPτ (Microtubule Associated Protein Tau/

Tau Protein) ELISA Kit (Cat No: E-EL-R0943)’ procedures were 
performed. 

The absorbance values of samples, as indicated in the kit 
procedures, were determined by an ELISA reader (Multiskan™ 
GO Microplate Spectrophotometer, Thermo Scientific, MA, 
USA) at 450 nm.

Statistical Analysis 

A Shapiro-Wilk normality test was performed for continuous 
variables. Data with homogeneous variances were analysed 
using an analysis of variance and Tukey’s post-test and 
were presented as means ± standard deviations. Non-
parametric data were analysed using Kruskal–Wallis test and 
were presented as median (25%–75%) percentiles. SPSS 
21.0 (Chicago, IL, USA) was used for statistical analysis. 
GraphPadPrism 6 was used for graphics and p<.05 was 
considered significant.

█   RESULTS
Control Group

In the control group kept in different environments for 7 days, 
frontal lobe MAP2 levels of an enriched environment were 
significantly increased compared with those of other groups 
(Figure 1). Although there was no statistical difference in 
tau, both frontal lobe and hippocampal amyloid beta levels 
statistically increased in rats kept in an isolated environment 
(Figure 2).

In the control group kept in different environments for 14 
days, hippocampal MAP2 levels of an enriched environment 
were significantly increased compared with those of an 
isolated environment (Figure 3). Frontal lobe and hippocampal 
amyloid beta levels statistically increased in rats kept in an 
isolated environment compared with rats kept in an enriched 
environment (Figure 4).

MAP2 Levels in SAH Groups

In the SAH group kept in different environments for 7 days, 
rats kept in an enriched environment showed a tendency 
of increased MAP2 levels in both the frontal cortex and 
hippocampus but they did not reach the level of statistical 
significance. The only statistically significant increase was Figure 1: Frontal lobe MAP2 levels (ng/ml) in control group rats 

kept in different environments for 7 days (*p<0,05, **p<0,01).

Figure 2: Frontal lobe 
and hippocampus 
amyloid beta levels (A 
beta, ng/ml) in control 
group rats kept in 
different environments 
for 7 days (*p<0,05, 
**p<0,01, ***p<0,001).
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was seen in rats kept in an isolated environment compared 
with those in control rats kept in a standard environment 
(Figure 6). Although there was a decreased tendency of frontal 
lobe MAP2 levels in rats kept in an isolated environment, it 
showed no statistical significance. 

When compared with the control group rats kept in a standard 
environment, frontal lobe MAP2 levels were significantly 
decreased in the SAH group rats kept in an isolated 
environment for 7 days and also decreased in the SAH group 
rats kept in an isolated environment for 14 days (Figure 7).

Tau and Amyloid beta (A beta) levels in SAH groups

In the SAH group kept in different environments for 7 days, 
hippocampal tau levels showed significantly increased 
accumulation in rats kept in an isolated environment compared 
with SAH groups kept in other environments, and the control 
group kept in a standard environment (Figure 8).

Frontal lobe amyloid beta was statistically increased in rats 
kept in an isolated environment for 7 days compared with 
frontal lobe amyloid beta in both SAH rats kept in an enriched 
environment and control rats kept in a standard environment 
for 7 days (Figure 9). 

In the SAH group kept in different environments for 14 days, 
hippocampal tau and frontal lobe amyloid beta levels were 
significantly increased in rats kept in an isolated environment. 

seen in the frontal lobe of rats kept in an enriched environment 
compared with rats that were kept in an isolated environment 
(Figure 5). 

In the SAH group kept in different environments for 14 days, a 
statistically significant decrease in hippocampal MAP2 levels 

Figure 3: Hippocampus MAP2 levels (ng/ml) in control group 
rats kept in different environments for 14 days (**p<0,01).

Figure 4: Frontal lobe and 
hippocampus amyloid beta 
levels (ng/ml) in control 
group rats kept in different 
environments for 14 days 
(**p<0,01). 

Figure 5: Frontal lobe and 
hippocampus MAP2 levels 
(ng/ml) in control and SAH 
group rats kept in different 
environments for 7 days 
(*p<0,05).
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Increasing in hippocampal amyloid beta levels were also 
statistically significant in rats kept in an isolated environment, 
compared with rats kept in an enriched environment (Figure 
10).

█    DISCUSSION 
The hippocampus is essential for both forming and replaying 
memories. The prefrontal cortex involves representations 
of meaningful contexts in which related memories occur 
(20). Interactions between the hippocampus and prefrontal 
cortex are integral to the formation of consciousness and 
memory (9). In addition, the hippocampus plays an important 
role, particularly in short-term memory, emotion and finding 
the direction of a target. The frontal cortex is the long-term 
memory centre, and memory disturbances, lack of awakening 
and attention may occur when it is damaged (11,14). 

Microtubules are major cellular architectural elements and 
enable neurons to achieve and maintain their shape. They 
function in many processes including intracellular support 
and DNA segregation. Neuronal processing is supported 

Figure 6: Frontal lobe and 
hippocampus MAP2 levels 
(ng/ml) in control and SAH 
group rats kept in different 
environments for 14 days 
(*p<0,05).

Figure 7: Comparison of frontal lobe MAP2 levels (ng/ml) in 
control and SAH group rats kept in different environments for 
7 and 14 days (*p<0,05, **p<0,01, ***p<0,001).

Figure 8: Hippocampus Tau levels (pg/ml) in control and SAH 
group rats kept in different environments for 7 days (*p<0,05, 
**p<0,01, ***p<0,001).

Figure 9: Frontal lobe amyloid beta levels (ng/ml) in control 
and SAH group rats kept in different environments for 7 days 
(***p<0,001).
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increased in rats kept in an isolated environment for 7 days. 
Tau proteins in the hippocampus, amyloid beta in both the 
hippocampus and the frontal lobe were increased in rats kept 
in an isolated environment for 14 days. 

An enriched environment affects both cortical and hippocam-
pal neurons positively (12,15). During the treatment of SAH, 
keeping the patient in an enriched environment is not well ac-
cepted. 

It is generally accepted that patients should be in an isolated 
environment to keep brain oxygen consumption at optimal 
levels and to maintain normal levels of cerebral perfusion 
pressure. The present experimental study supports an 
enriched environmental condition in the follow-up of patients 
with subarachnoid haemorrhage. We suggest approaching 
our results cautiously as an enriched environment would 
be more valuable in the treatment of SAH but may become 
unnecessarily courageous. This study was adapted for 
different environments of rat experimental study. In the further 
studies, environmental conditions may be adjusted according 
to the intensive care or clinical setting of SAH patients.
However, our study may lead to the re-evaluation of ambient 
conditions during treatment of patients with SAH. Therefore, 
it is important to note that in discussing this proposal, we 
believe further experimental studies would producemore 
reliable results.

█     ACKNOWLEDGEMENTS
This study was supported by Scientific Research Project 
Committee of Eskisehir Osmangazi University (Support 
Number BAP; 201611003). The sponsor had no role in the 
design or conduct of this research.

All applicable international, national and/or institutional 
guidelines for the care and use of animals were followed. 
All procedures performed in studies involving animals were 
in accordance with the ethical standards of the institution 
or practice at which the studies were conducted [Eskisehir 
Osmangazi University the Care and Use of Animals Ethical 
Committee (Approval No: 597/23.05.2017)].

by intracellular microtubule integrity and functions (5,8). Tau 
and other MAPs promote the assembly and stabilisation of 
neuronal microtubules (5). They regulate microtubule networks 
and their functions in both axons and dendrites (4,16). MAP 
proteins are originally characterised by their ability to bind 
microtubules (5,7). MAPs are divided into two main categories: 
type I includes MAP1 proteins, and type II includes MAP2, 
MAP4 and tau proteins. MAP2 are located mostly in dendrites 
whereas tau is limited to axons (19,23). MAP2 proteins bind a 
single microtubule to promote stabilisation; tau also facilitates 
the bundling of microtubules (5). 

Reduced MAP2 levels were shown in experimental focal 
cortical compression, contusion and seizure-related brain 
damage (2,10,17). In Alzheimer’s disease and cerebrovascular 
disease, tau protein accumulates and amyloid beta fails to 
be eliminated. Increased amyloid beta also induces both 
pathological changes in and misfolding of tau proteins. Thus, 
an interpretation that considers both amyloid beta and tau 
together would be a more reliable way to evaluate pathological 
tau protein accumulation in tissue (3,22,25). 

Environmental conditions play a dominant role in the basic 
activity level of the rat brain. Production of brain neurotrophic 
factors has been shown in rats kept in enriched conditions 
for the long term. Rich environmental conditions increase 
neurogenesis and act as nerve cell protectors (13). It has also 
been shown that an enriched environment increases both 
learning and memory (18,21,24). A comparative study of the 
microtubule integrity in SAH and other cerebral pathologies in 
all three environmental conditions has not yet been published.

In our study, control group frontal lobe MAP2 levels were 
increased in rats kept in an enriched environment for 7 days. 
Frontal lobe and hippocampal amyloid beta levels were 
increased in rats kept in an isolated environment. Increased 
MAP2 levels in the hippocampus, decreased frontal and hip-
pocampal amyloid beta were seen in rats kept in an enriched 
environment for 14 days. After experimental subarachnoid 
haemorrhage, MAP2 levels in tissues were reduced in rats 
kept in an isolated environment for both 7 and 14 days. 
Hippocampal tau and frontal lobe amyloid beta levels were 

Figure 10: Hippocampus Tau (pg/ml), frontal lobe and hippocampus amyloid beta levels (ng/ml) in control and SAH group rats 
kept in different environments for 14 days (*p<0,05, **p<0,01, ***p<0,001).
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