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Abstract

This study aimed to histopathologically investigate the protective effect of Eremurus
spectabilis M. Bieb's on Cornu Ammonis (CA) in diethylnitrosamine (DEN)-induced
neurotoxicity. In the study, rats were equally divided into (n=8); Control Group: Rats
in this group were not exposed to any treatment, DEN Group: Rats in this group were
treated with 150 mg DEN/kg body weight dissolved in 0.9% physiological water once
a month and thioacetamide (TAA) 200 mg /kg body weight once a week
intraperitoneally (i.p.), Lyophilized plant extract (LPE) Group: The rats in this group
were given 150 mg DEN/kg once a month dissolved in 0.9% physiological water, 200
mg TAA/kg once a week and 100 mg/kg body weight LPE daily by oral gavage method
and fed with standard rat chow and tap water, Nanoparticle plant extract (NPE) Group:
Rats in this group were given 150 mg DEN/kg once a month and TAA 200 mg/kg once
a week (i.p.) and 100 mg/kg body weight nanoparticle plant extract dissolved in 0.9%
physiological water and fed with standard rat chow and tap water by oral gavage
method. In our findings, a significant reduction in granular layer cells and significant
dissociations in CA regions were observed in DEN group rats. There was a slight
alleviation in the lesions in the groups to which we gave lyophilized plant extract. In
rats treated with nanoparticle plant extract, CA gave an appearance very close to the
control group.

In conclusion, Eremurus spectabilis M. Bieb. may exhibit a protective effect against
neurotoxicity as well as Alzheimer’s disease and Parkinson’s disease, which are closely
associated with the CA regions. Also, it was reported as an important finding that the
nanoparticle extract of E. spectabilis was more effective than the lyophilized extract.

Keywords: Diethylnitrosamine, Neurotoxicity, Eremurus spectabilis, Cornu Ammonis,
Rat.
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Introduction

Nitrosamines are formed by chemical reactions with
nitrites and  secondary proteins  [1].
Diethylnitrosamine (DEN) is a chemical agent that triggers
various oncogenic mutations [2]. DEN is an identified
potential carcinogen for humans and animals. Processed and
canned foods, beer, tobacco, personal care products, water and
some medicines may contain DEN [3]. Furthermore,
nitrosamines are readily released under strong acid conditions
in the stomach or at high temperatures associated with frying
or flame cooking [4].

Metabolic biotransformation of DEN by cytochrome P450
enzymes is known to induce oxidative stress and cellular
damage by releasing free radicals that form reactive
electrophiles [5]. These radicals initiate lipid peroxidation in
the cell membrane of the endoplasmic reticulum and cause a
chain reaction that can oxidise DNA, proteins and lipids [6].
Nitrosamines produce reactive oxygen species such as
superoxide (O%-) and hydrogen peroxide (H202) and, in this
context, increase oxidative stress (OS), DNA damage, lipid
peroxidation and the formation of protein adducts [7,8,9].
DEN is known to cause problems in the central nervous system
and symptoms such as Alzheimer's disease (AD) [3]. DEN-
induced oxidative stress and DNA damage promote insulin
resistance, a key element of experimental neurodegeneration
in the pathogenesis of AD [10,11,12]. The International
Agency for Research on Cancer reviewed the first biological
DEN experiments in various animal, fish and plant species and
reported that they could cause liver, kidney and brain tumours
in pigs [13]. Although research on nitrosamines is mostly on
mutagenesis, cellular damage and oxidative stress caused by
nitrosamine exposure are associated with neurotoxicity,
ageing and AD [10].

DEN, which is a complete carcinogen, requires a tumor-
stimulating substance to maintain its effect in repeated
applications. For this purpose, thioacetamide (TAA), carbon
tetrachloride, phenobarbital, and recently high-fat diet feeding
methods have been used as both stimulants and accelerators
[14]. It has been reported that immunoreactive foci and
apoptotic cells increase when TAA is used as a promoter of
DEN [15].

The sum of biochemical processes that cause an imbalance
in the functioning of antioxidants and oxidants in living
organisms is considered OS [16]. This stress occurs due to
insufficient antioxidant levels or overproduction of reactive
oxygen species [17]. OS increases cell damage through
mechanisms such as DNA, lipid and protein damage and
aberrations in signalling pathways and gene expression [18].

amines  or

Neuro-Cell Mol Res 2024;1(3):53-59

Effect of E. spectabilis on neurotoxicity induced by DEN

Recent studies have reported the prevalence of OS in dozens
of neurodegenerative diseases such as Parkinson's disease
(PD), AD and amyotrophic lateral sclerosis [17,19]. The OS
and DNA damage activate apoptotic pathways and cause
neurodegeneration [20].

The hippocampus is a very important brain region,
characterised by the dentate gyrus (DG) and cornu ammonis
(CA) regions, responsible for storing and retrieving short and
long memory. The DG contains a V-shaped recess, enclosing
the CA4 region between its wings (supra pyramidal wing, infra
pyramidal wing) and the CA is anatomically and functionally
subdivided into CA1, CA2, CA3 and CA4 [21,22].

The hippocampus sends signals to the limbic system and
many brain regions [23,24,25]. Thus, before movements are
transformed into behaviours, the hippocampus stimulates the
limbic system and influences the shaping of behaviours [26].
The hippocampus is known to be responsible for storing and
retrieving short- and long-term memory [22]. Regardless of
the mechanism, it is not possible for long or short-term
memories to be permanent without the right and left
hippocampus. Connections in the CA3 region of the
hippocampus are known to play an important role in forming
episodic memory [27]. On the other hand, the right side of the
hippocampus shows more activity in functions related to
visual, and the left side of the hippocampus shows more
activity in functions related to verbal memory, and lesions in
these regions lead to loss of related memories [26].

The hippocampal CA is considered one of the most
sensitive regions, vulnerable to many stimuli [28]. It is also
one of the three brain regions most susceptible to oxidative
stress and is the first to be disrupted in its functioning [29].

In Turkey, which has a very rich plant population, E.
spectabilis M. Bieb. is widely consumed as a wild vegetable
and is used in traditional medicine to strengthen the immune
system and for treatments [30]. The root of E. spectabilis has
been used in conventional medicine to treat liver disorders,
stomach problems, skin diseases and hyperlipidemia [31]. It
was reported that water and hexane-ethanol extracts of E.
spectabilis exhibited antiproliferative effects against different
cancer cell lines with their bioactive compounds [32]. It was
reported that water extracts did not show as high free radical
scavenging activity as standard antioxidants, but boiled extract
was noticeably more effective than cold water extract [33].
These effects of E. spectabilis are thought to be due to its
richness in phenolics and flavonoids [34]. Published reports on
the properties of E. spectabilis are limited to hot and cold-
water extracts, acetone and alcohol extracts. Therefore, this
study investigated the protective activity of lyophilised and
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nanoparticle extracts of E. spectabilis on CA.

In this study, it was aimed to contribute to the literature on
neurotoxicity induced by DEN and supported by TAA and to
histopathologically examine the protective-therapeutic
efficacy of lyophilised and nanoparticle extracts of E.
spectabilis in the CA region in terms of morphological
changes, cell density, regeneration, inflammation and
degenerative-necrotic changes.

Methods
Dose Determination and Formation of Experimental
Groups

Before Wistar rats (2-3 months, female) were divided into
groups, an acute toxicity test was performed to determine the
appropriate doses. The rats were observed during this process
to determine the appropriate dose. According to Organization
for Economic Corporation and Development guideline 425,
the acute toxicity test was performed. Two groups were
formed, with 3 rats in each group, and the live weights of the
rats were weighed and placed in 2 separate cages. One group
received 2000 mg/kg E. spectabilis ethanol extract (LPE); the
other group received 2000 mg/kg E. spectabilis nanoparticle
ethanol extract (NPE) by oral gavage, and rats were observed
for 72 hours. No mortality was observed in the rats due to the
toxicity test. The toxicity test was terminated, and the rats used
in the study were divided into 4 groups, with 8 rats in each
group. The study was terminated after three months.

Groups

Control Group: Rats in this group were not exposed to any
treatment and were fed with standard rat chow and tap water.
DEN Group: Rats in this group were treated with 150 mg
DEN (Sigma)/kg body weight dissolved in 0.9% physiological
water once a month and TAA 200 mg/kg body weight once a
week intraperitoneally (i.p.) and fed with standard rat chow
and tap water.

LPE (Lyophilized plant extract) Group: The rats in this
group were given 150 mg DEN /kg once a month, TAA 200
mg/kg once a week and 100 mg /kg body weight lyophilised
plant extract dissolved in 0.9% physiological water once a
month by oral gavage method and fed with standard rat chow
and tap water.

NPE (Nanoparticle plant extract) Group: Rats in this group
were given 150 mg DEN/kg once a month and TAA 200 mg/kg
once a week (i.p.) and 100 mg/kg body weight nanoparticle
plant extract dissolved in 0.9% physiological water and fed
with standard rat chow and tap water by oral gavage method.
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DEN and TAA applications continued for 90 days in total.
LPE and NPE applications continued every day during this
study period.

Histopathologic examination

At the end of the experiment, tissue samples were taken
from the brains of the sacrificed rats to cover the CA region,
fixed in buffered 10% formaldehyde solution, and embedded
in paraffin blocks after tissue tracing, 4 um thick sections were
taken from the blocks, the sections were stained with
hematoxylin-eosin staining method, examined under light
microscope and the pathological changes observed were
photographed  (Nikon ECLIPSE  80i-DS-Ri2). The
histopathologic examination evaluated morphologic changes
regarding cell density (cell densities were assessed semi-
quantitatively), regeneration, inflammation and degenerative-
necrotic changes and photographed.

Results

Control Group: Normal histologic structure of the CA was
observed. The CA comprises five regions: CAl, CA2, CA3,
CA4 and DG. CAl and CA2 regions comprise small pyramidal
cells with three to four rows of vesicular nuclei. CA3 and CA4
regions are composed of large pyramidal cells with vesicular
nuclei. CAl, CA2, CA3, and CA4 regions consist of
molecular, pyramidal, and polymorphous layers. The
molecular layer of the CA consists of organised neuronal
structures, as well as glial and nerve cells. The dentate gyrus
consists of asupra pyramidal wing, infrapyramidal wing,
molecular cell layer, granule cell layer, and polymorphic cell
layer on both sides of the CA4 area. The part of the dentate
gyrus facing the CA4 area surrounds the CA4 area in a V-
shape (Figure 1, 2A).

DEN Group: In this group of rats, no morphologic changes
were observed in the CAl, CA2, CA3 and CA4 regions
compared to the control group. However, diffuse dissociation
and reduction of granular layer cells in the dentate gyrus region
were observed (Figure 2B).

LPE Group: Morphological changes were not detected in CA
regions as in the other groups. In the dentate gyrus region,
there was less dissociation in the granular layer cells than in
the DEN group, and cell numbers were close to normal in some
regions (Figure 2C).

NPE Group: Morphologic changes were not detected in the
CA regions as in the other groups. However, compared to the
LPE group, granular layer cells in the DG Dentate gyrus region
were similar to the normal arrangement tendency in the control
group. They were significantly more numerous (Figure 2D).
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Figure 1. Normal histologic appearance of Cornu Ammonis and Dentate gyrus. Cornu Ammonis; CA1, CA2, CA3, CA4
regions. Pyramidal layer (PY), Polymorphous layer (PM), and Molecular layer (M). Dentate Gyrus Suprapyramidal wing
(SP), Infrapiramidal wing (IP), Molecular layer (M), Granular layer (GR), Polymorphic layer (PM), Crest (C). H&E,
(Bar=250 um).

layer (GR), Polymorphic layer (PM), Crest (C). B: Den Group. Marked dissociation and reduced number of granular layer
cells (arrows). C: LPE Group. Less morphologic changes in granular layer cells (dissociation and reduction in granular
layer cells) (arrows) and partially smooth cells (*) compared to the DEN group. D: NPE Group. Very few dissociations and
decreases in granular layer cells (arrows), cells similar to the control group (*). H&E, (Bar=100 um).
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Discussion

DEN
carcinogenic to humans and animals [3]. Therefore, it has been
used in various experimental studies on cancer and toxicities
in different years [3,35,36]. DEN has also been used in
neurotoxicity studies in the brain and hippocampus [3,4,36].
The hippocampus is one of the most sensitive brain regions in
terms of toxicity and aging-induced pathological changes [37].

Some histopathologically — evaluated  studies  of
hippocampal damage induced by different stimuli have
reported neuronal degenerations, vacuoles, irregular ghost
nucleated cells, decreased thickness of the pyramidal cell layer
and significant decreases in the thickness of the granular layer
[37,38,39,40,]. However, our study's findings
incompatible with any findings except for substantial
reductions in granular layer thickness.

In a study testing the hypothesis that exposure to N-
nitrosodiethylamine (NDEA) causes AD-type molecular and
biochemical abnormalities in central nervous system (CNS)
neurons, it was reported that NDEA increases DNA damage,
causes insulin, IGF resistance and IGF-II deficiency in CNS
neurons, and causes changes in the ratio of AD-related proteins
[4]. In our study, degenerations and changes in the cerebral
cortex are due to DNA damage and toxicity. In this respect,
our findings were consistent with the study of de la Monte and
Tong [4]. However, no significant morphologic changes other
than dissociation and a decrease in cell number were observed
in the CA region of DEN-treated rats.

In a study investigating the effect of streptozotocin (STZ)
on some functional, histological and molecular aspects of the
hippocampus in streptozotocin-induced diabetic rats. It was
reported that neuronal disorganisation increased and neural-
microglial density decreased in the hippocampus of diabetic
rats. In contrast, neural disorganisation decreased, neural-
microglial density increased, and the thickness of the
pyramidal-molecular layer in the hippocampus increased in
the groups given the active substance [41]. Our study observed
neural dissociation and decreased cell density in DEN-treated
rats. It was revealed that the thickness of the pyramidal-
molecular layer increased with the reduction of these effects in
the group's given plant extract. Our findings were consistent
with the above study in terms of both damage groups and
treatment groups.

Shanab et al. investigated the possible neuroprotective role
of the Copperll-albumin complex against DEN-induced
neurotoxicity in mice. They reported that severe hemorrhagic
changes with mononuclear cell infiltration and focal microglia
cell aggregations were observed in the brain tissues of the

is a nitrosamine that has been identified as

were
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DEN-treated group. In addition, they also noticed variable
thinning in granular and Purkinje cell layers [36]. In our study,
degenerations in the cerebral cortex were observed in DEN-
treated groups. However, only reduction and dissociation of
granular layer cells were observed in the hippocampus region.

Our findings showed remarkable reduction and
dissociation in the granular layer cells in the CA regions of
DEN group rats. On the other hand, granular layer cells in the
CA regions of LPE group rats showed less dissociation and
partially smooth cells in some regions compared to the DEN
group. However, granular layer cells in the CA regions of NPE
group rats were similar to the normal arrangement tendency in
the control group and were significantly more numerous.

Conclusion

E. spectabilis M. Bieb, due to its antioxidant effects, may
have a protective effect on the CA, which plays an important
role in DEN-induced neurotoxicity and AD and PD diseases
and is one of the most sensitive regions affected by toxicity
and damage. Our study has contributed to the literature on
DEN-induced neurotoxicity and is among the first articles to
histopathologically examine DEN toxicity in CA, which is
important in this context. In this regard, we support further
studies on DEN-induced neurodegeneration and the
investigation of various protective and therapeutic agents. Our
article will lead to further studies on DEN-induced
neurotoxicity and Cornu Ammonis damage.
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