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Abstract: Indoor air of classrooms is composed of different agents including fungal volatile organic compounds
(VOCs) such as 1-octen-3-ol. It has cytotoxic and neurotoxic effects and is the most frequently determined
alcohol in indoor air. Possible cytotoxic and neurotoxic effects of 1-octen-3-ol on brain make it a potential
harmful factor on learning and memory functions. The purpose of this study is to discuss possible effects of
1-octen-3-ol on brain physiology and functioning. In the previous studies, it is reported that 1-octen-3-ol makes
three different physiological changes in cells of brain; loss of dopamine activity, activation of Caspase 3 and
activation of GABA  receptor-elicited responses. Based on these changes, findings of the previous studies willA

be represented in terms of its cytotoxic and neurotoxic effects on brain physiology. Then they will be discussed
by associating them with learning and memory functions. 
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INTRODUCTION

People living in cities spent over 90% of their time in
indoor environment [1]. Especially, schools include high Fig. 1: Chemical structure of 1-octen-3-ol
numbers of students who are staying together during at
least five hours in a day. Indoor air quality of closed products such as fungal volatile organic compounds
places is an indicator of whether normal physiological (FVOCs) [17, 18]. The FVOCs are composed of many
functions of an organism occur or not [2-5]. Indoor air chemical classes; acids, alcohols, aldehydes, ethers,
quality of classrooms, homes and work places consists of esters and ketones etc. [19]. Among the FVOCs that are
different chemicals, dust, particles and bio-aerosols [6-9]. characteristic of fungal  metabolism,  the  most  known
Depending on the conditions of ventilation and humidity type is named as 1-octen-3-ol or “mushroom alcohol [20].
of classrooms, bioaerosol amount can reach a level 1-octen-3-ol is produced by breakdown of linoleic acid by
threatening physiological states of students [10, 11]. fungal metabolism using lipoxygenase and a
Moreover, students are more vulnerable to environmental hydroperoxide lyase [21].
effects than adults and they must also spend most of their 1-octen-3-ol has various cytotoxic and neurotoxic
time in an indoor environment; classroom [12]. effects on various tissues [22-24] however its effects on

The most widely existent bioaerosols in classrooms brain physiology and brain functioning are not well-
and homes are bacteria and fungi [13]. They are different documented. In this paper potential cytotoxic and
from chemicals and particles since they also produce neurotoxic effects of 1-octen-3-ol on brain will be
secondary metabolites and chemicals in addition to their represented and they will be discussed in terms of
body as a factor affecting human physiology [14, 15]. learning and memory functions of the brain.
Fungi are frequently reported in classrooms [16-18]. Cytotoxic and Neurotoxic Effects of 1-octen-3-ol on
Penicilium, Aspergillus and Cladosporium are more Brain 1-octen-3-ol has neurotoxic effects on different
included  in  classrooms   than   other   fungi  [14-16]. groups of livings including flies and human cells [24, 25].
These fungi become health threatening  factors  with  their In a study focusing on the effect of 1-octen-3-ol on
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human embryonic stem cells, researchers have shown that Deficits in dopamine function cause to learning deficits
1-octen-3-ol has exhibited significant neurotoxicity to
undifferentiated human stem cells. Moreover, it has 40-80
fold lower inhibition concentrations than vapor phase
toluene [25]. Kreja and Siedel tested cytotoxic effects of
1-octen-3-ol in cell culture media, their findings showed
that concentration of 1-octen-3-ol as low as 0.6 mM
produced toxic effect by inducing DNA damage [26]. In
another study, researchers have also found that low
concentration of 1-octen-3-ol (%0.1) caused loco-motory
defects and changes in antigen-labeled dopaminergic
neurons of adult Drosophila melanogaster called as fruit
fly [24]. The researchers have indicated that these effects
of 1-octen-3-ol are related to oxidative stress since they
showed exposure of 1-octen-3-ol increased lipid
peroxidation in brain.

Inamdar et al. [27] also showed that 1-octen-3-ol
inhibited uptake of dopamine in human cell lines
expressing the human plasma membrane dopamine
transporter (DAT) and human vesicular monoamine
transporter (VMAT) ortholog, VMAT2. Their findings
supported the idea that 1-octen-3-ol toxicity occurs by
deficiency in dopamine homeostasis. Moreover they
showed inducement of neuron loss and decrease in
dopamine levels by 1-octen-3-ol. Inamdar et al. [28]
associated 1-octen-3-ol-mediated neurotoxicity with
Parkinson’s disease signaling pathway. Their study’s
finding represented 1-octen-3-ol induced loss of
dopamine activity and also activation of Caspase 3;
indicator of apoptosis. Hossain et al. [29] studied on
effects of 1-octen-3-ol on sleeping time. Their findings
showed that 1-octen-3-ol activated GABA  receptor-A

elicited responses and so it was found as a reason of
increasing sleeping time of mice.

When the literature about the 1-octen-3-ol is
examined, it seems that 1-octen-3-ol make three different
changes in cell of brain; loss of dopamine activity,
activation of Caspase 3 and activation of GABAA

receptor-elicited responses. Possible effects of these
changes on learning and memory functions of the brain
will be discussed under the next title.

Cytotoxic and Neurotoxic Effects of 1-Octen-3-Ol on
Learning and Memory Functions of the Brain
Loss of Dopamine Activity: Loss of dopamine activity in
the brain is more associated with abnormalities of frontal
lobe functions of the brain [30]. Dopamine plays a
facilitatory role for starting a long-term potentiation (LTP)
and also dopamine is needed in the expression of
hippocampal-prefrontal cortex synaptic plasticity [31,  32].

including difficulties in planning, reasoning, problem
solving, concept formation, implicit learning, verbal
learning,  associative  learning  and  memory [33-35].
When indoor environments such as classrooms is
considered it seems that amount of 1-octen-3-ol in the
classrooms is a possible factor that should be checked in
a regular manner.

Activation of Caspase 3: As another effect of 1-octen-3-ol,
it induces Caspase-3 activation. Caspase-3 is seen in
apoptotic mechanism of neuronal cell death. Stadelmann
et al. showed that activation of Caspase-3 was detected in
granules of granulovacuolar degeneration and cytoplasm
of apoptotic neurons [36]. Basically, activation of Caspase
3 causes to chromatin condensation and DNA
fragmentation in brain [37]. So Caspase 3 is involved in
neuronal death of rat brain [38]. Activation of Caspase-3
by 1-octen-3-ol may play important role in memory and
learning [39]. Li et al. [40] showed that Caspase-3
activation was increased during neuronal cell apoptosis
and the following impairments in learning and memory
functions. Therefore it can be said that activation of
Caspase-3 by 1-octen-3-ol is an important factor in
impairments of learning and memory functions of brain.

Activation  of    GABA     Receptor-Elicited  Responses:A

1-octen-3-ol also induces activation of GABA  receptor-A

elicited responses. Actually GABA  receptors play role inA

memory processes and learning difference tasks after
long-term potentiation occurs [41, 42]. Moreover GABAA

receptors modulate emotional learning and mood [43].
Zheng et al. [44] studied on GABA  receptors andA

learning. Their findings showed that GABA  receptorsA

regulated spatial learning and memory functions of the
brain by taking role in phosphorylation of extracellular
signal-regulated kinase 1 and 2. Activation of GABAA

receptors by using phosphorylation reactions causes to
longer time of sleeping [29]. When the results of
activating GABA  receptors are considered, it is seen thatA

overexcitation of GABA  receptors might be a reason ofA

impairments in memory and learning functions of brain.

DISCUSSION AND CONCLUSION

Based on the findings of previous studies it seems
that 1-octen-3-ol is an effective agent on learning and
memory functions of brain. Especially cytotoxic and
neurotoxic effects of 1-octen-3-ol on brain physiology
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make it an effective chemical on learning and memory. 8. Mirmohammadi, S., 2013. Indoor air quality
This situation exerts a problem for indoor environments assessment with emphasis on flour dust: A cross-
such as classrooms since classrooms are environments sectional study of a random sample from ranian
where effective learning and memory functions of brain bakeries workers, Iranica Journal of Energy &
are needed. According to the previous studies, 1-octen-3- Environment, 4(2): 150-154.
ol exposure of children in classrooms is inevitable [45, 46] 9. Mirmohammadi, S., 2013. Predictive statistical model
hence remediation of classrooms in terms of 1-octen-3-ol for ndoor manganese airborne particles affected by
is needed to provide appropriate environment for learning psychrometric parameters, Iranica Journal of Energy
and memory function of brain. In conclusion it is clear that & Environment, 5(2): 146-151.
1-octen-3-ol should be examined in terms of learning and 10. Siersted, H.C. and S. Gravesen, 1993. Extrinsic allergic
memory functions of brain to get experimental evidence. alveolitis after exposure to the yeast Rhodotorula
By this way we can prevent harmful effects of 1-octen-3-ol rubra. Allergy, 48: 298-299.
on learning and memory of children in indoor 11. Beaumont, F., 1988. Clinical manifestations of
environments. This study serves for making speculation pulmonary    aspergillus       infections.    Mycoses,
about the importance of 1-octen-3-ol in learning and 31: 15-20.
memory functions of brain. 12. Aprea,  C.,  M.  Strambi  Novelli,   I.   Lunghini   and
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