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ORIGINAL ARTICLE

Datumetine exposure alters hippocampal neurotransmitters system
in C57BL/6 mice

Azeez Olakunle Isholaa,b, Aminu Imama and Moyosore Salihu Ajaoa

aDepartment of Anatomy, University of Ilorin, Ilorin, Nigeria; bDepartment of Anatomy, Afe Babalola University, Ado-Ekiti, Nigeria

ABSTRACT
Our previous study showed that datumetine modulates NMDAR activity with long term exposure lead-
ing to memory deficit and altered NMDAR signaling. We aim to explore the neurotransmitters perturba-
tions of acute datumetine-NMDAR interaction. Fifteen C57/BL6 mice were used for the study, they are
divided into three groups of 5 animals each. Animals were administered DMSO (DMSO/Control),
0.25mg/kg body weight of datumetine (0.25 Datumetine) and 1mg/kg bodyweight of datumetine (1.0
Datumetine) intraperitoneally for 14days. At the end of treatment, animals were euthanized in isofluor-
ane chamber, perfused transcardially with 1XPBS followed by PFA. Immunofluorescence procedure was
done to check the distribution of neurons, astrocytes, microglia and major neuronal subtypes in the
hippocampus. Expansion and electron microscopy techniques were used to assess the condition of the
synapses. Quantitative data were expressed as mean±SEM and analyzed using ANOVA with Tukey
post hoc using p< 0.05 as significant. Datumetine increased the expression of CD11b, GFAP, vGlut1,
GABA, CHRNA7 and TH while expression of TrPH and NeuN were reduced in the hippocampus com-
pared to control animals. Synaptic loss was evident in datumetine exposed animals with reduced syn-
aptic vesicles accompanied by a thickness of postsynaptic density than that of control animals. This
study concludes that acute datumetine exposure alters hippocampal neurotransmitter systems.
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1. Introduction

Datura metel is a Solanaceae plant which contains different
alkaloids (Prasad and Gowda, 2005). It is used locally in the
treatment of asthma, bronchodilation, glaucoma, and antibi-
otics (Hilal et al. 2014) and cancer treatment (Devi et al.
2011). Recreation use of Datura plant is increasing among
adolescents (Moses 2010). World drug report as produced by
the United Nations Office of Drug and Crimes claimed that
datura plant is one of the new psychoactive substance (NPS)
recorded in Africa (United Nations Office on Drugs and Crime
(UNODC), 2017, 2018).

In Nigeria, 27 thousand people had been reported to be
exposed to the use of datura with 0.03 prevalence rate
(United Nations Office on Drugs and Crime (UNODC) 2018).
Despite this number, deaths have been reported in the
national dailies where datura extract was added to the alco-
holic drinks to increase intoxication. Long term use of the
plant has been reported to induce psychosis in humans
(Khanra et al. 2015). Recreational users of datura suffer mem-
ory loss during the phase of intoxication, this led to the
hypothesis that datura may possess compound(s) that affect
hippocampal functioning.

In our previous study, we found that datumetine which is
one of the alkaloids found in Datura metel has the ability to
bind with NMDA receptor at both its orthosteric and allo-
steric binding sites, alters NMDAR calcium current in vivo and

long-term exposure induces memory deficit and altered
NMDAR signaling in mice (Ishola et al. 2020). Our study is the
first to show the biological effects of datumetine on animal
which we proposed to be in part responsible for memory
loss observed in Datura metel abusers. In this present study,
we aim to further characterize the effects of acute datume-
tine exposure on the hippocampal neurotransmitter sys-
tem in vivo.

2. Materials and methods

2.1. Ethical approval

Ethical approval was gotten from the University of Ilorin
Ethical Review Committee (UERC) with approval number
UERC/ASN/2018/1277 and protocol identification code UERC/
BMS/108.

2.2. Purchase and preparation of datumetine

Datumetine (CAS No.: 67078–20-0) 98% purity was purchased
from ChemFaces Biochemical Company (China). The com-
pound was dissolved in dimethyl sulfoxide (DMSO) to achieve
1mg/mL stock solution stored at 4 �C. It was then serially
diluted based on the dosage of animals for working solution
(kept at room temperature) to administer to animals.
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2.3. Animal care

Fifteen (15) adult male C57BL/6 mice procured from
Jackson’s Lab (Bar Harbor, ME, USA) were used for the experi-
ment. They were housed in standard laboratory conditions of
12 hours alternating light and dark cycle. They were kept in
standard cages of five animals/cage. The mice were allowed
free access to feed and water. All animal handling protocol
was approved by the Louisiana State University IACUC.

2.4. Animal grouping and treatment

The animals were divided into three groups of five (5) mice
each. Animals were administered 0.25mg/kg (0.25
Datumetine) and 1.0mg/kg (1.0 Datumetine) body weight of
datumetine and 0.1mL of DMSO (DMSO) respectively. All
treatments were done intraperitoneally for fourteen
(14) days.

2.5. Animal sacrifice

The animals were sacrificed a day after the last administra-
tion. The animals were deeply anesthetized with isoflurane in
gas chamber. They were then perfused transcardially with
10mM phosphate-buffered solution (1X PBS pH 7.4) followed
by 4% paraformaldehyde (PFA). The brains were then excised
and stored in specimen bottle containing 4% PFA and stored
at 4

�
C for 24 hours, these were then post-fixed in 4% PFA

with 30% sucrose solution at 4
�
C till further processing.

Samples for electron microscopy had their brains excised and
the hippocampus dissected out on a cold surface after 1X
PBS perfusion and was quickly transferred into electron
microscopy (EM) fixative (1.6% paraformaldehyde, 2.5% gluta-
raldehyde, 0.03% Calcium chloride in cacodylate buffer pH
7.4) stored at 4

�
C till further processing.

2.6. Immunofluorescence (IF)

Brain samples for immunofluorescence were embedded in
optimal cutting temperature (OCT) compound (4585 Fisher
Healthcare Houston USA) in coronal plane on cryomold. They
were serially sectioned at 60 mm thick sections on a cryostat
(Leica CM 3050 S USA). Sections were then stored in 48 well
microplates containing 1X PBS and stored at 4

�
C till fur-

ther processing.
The fluorescence protocol was performed using the stand-

ard procedure of the laboratory has published in Shrestha

et al. (2019). Sections were washed with 1X PBS containing
0.5% tween 20 (1X PBST) twice for 10minutes. Sections were
then blocked in 5% goat serum (S-1000 Vector Laboratories
USA) prepared in 1X PBST for 60minutes at room tempera-
ture. Sections were then incubated in primary antibodies as
stated in Table 1 (prepared in 5% goat serum) for either
overnight at 4

�
C or for 120minutes at room temperature.

Sections were washed in 1X PBST twice for 10minutes and
then incubated in Alexa Fluor-488 goat anti-rabbit secondary
antibody (2:500, A11034 Invitrogen Fisher Scientific USA); or
Alexa Fluor-568 goat anti-rabbit (2:500, A11036 Invitrogen
Fisher Scientific USA) for 60minutes at room temperature in
the dark. Sections were washed twice in 1X PBST for
10minutes and then transferred to 1X PBS. Sections were
mounted on gelatin-coated glass slides with antifade mount-
ing medium with DAPI (VECTASHIELD H-1500 Vector labora-
tories the USA) and coverslipped and stored on slide tray in
the dark. Slides were viewed and the image was taken using
a Nikkon fluorescent microscope attached with a CCD cam-
era. The mean intensity of fluorescent expression was quanti-
fied in the region of interest (hippocampus) using NIS-
Elements software Version 4 (Nikon Inc. USA).

2.7. Expansion microscopy

This was done to check for neural connections. This is done
by embedding already stained sections in a gel polymer
which is later digested and made to expand uniformly in
water. This is to increase the clarity and magnification of the
specimen. Immunofluorescence protocol was followed for the
staining of neurofilament using rabbit anti-neurofilament-L
(1:200 2837S Cell Signaling Tech. Danvas MA, USA) at 4

�
C

overnight, followed by incubation in Alexa Fluor-568 goat
anti-rabbit secondary antibody for 60minutes at room tem-
perature. Additional Expansion Techniques was done
as follows;

� The stained sections were rinsed in 5% goat serum twice
for 15minutes each.

� Sections are placed in 1% acryloyl-X solution (prepared in
1X PBS) at 4

�
C overnight.

� Sections were rinsed twice in 1X PBS for 15minutes each
� Sections were placed in gelling solution (94% monomer

solution, 2% of 0.5% 4-hydroxytempo, 10% tetramethyle-
thylenediamine – TEMED and 10% ammonium persulfate
- APS) for 5 and 25minutes at 4

�
C respectively.

Table 1. List of primary antibodies used and their dilution.

Probe Antibody (Cat. Number) Dilution Company

Neurons Anti-NeuN� (24307S) 1:100 Cell Signaling Tech. Danvas MA, USA
Astrocytes Anti-GFAP (3670S) 1:300
Microglia Anti-ITGAM/CD11B (49420S) 1:300
Dopaminergic neurons Anti-TH (58844S) 1:100
Glutamatergic neurons Anti-vGlut2 (71555S) 1:150
Serotonergic neurons Anti-TPH-1 (12339S) 1:200
Synapse Anti-PSD-95 (3450S) 1:200
Cholinergic neurons Anti-CHRNA7 (PA5-37280) 1:300 Invitrogen Fisher Scientific USA
GABAergic neurons Anti-GABA (PA5-32241) 1:5000
�
Incubation was done for 120minutes at room temperature; others were overnight at 4 �C.
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� Each section was then incubated separately in a slide
mounting chamber with a new gelling solution for
2 hours at 37

�
C.

� The excess gel was trimmed off and sections were placed
in a digestion buffer (for digestion of the gelling poly-
mer) at room temperature overnight.

� Sections were then rinsed in distilled water for
15minutes for uniform expansion.

� Sections were then mounted on a glass slide and cover-
slipped using DAPI mountant.

2.8. Electron microscopy

Electron microscopy technique was done in accordance with
the laboratory standard protocol as reported in Shrestha
et al. (2019). Hippocampal samples for electron microscopy
were trimmed into 1mm sections using a sharp razor which
were transferred into a fresh fixative for 2 hours at room tem-
perature. The samples were washed in 0.1M cacodylate buf-
fer containing 5% sucrose and then fixed in 2% osmium
tetroxide for 1 hour at room temperature. The sections were
washed in water, in-block stained with 2% uranyl acetate pre-
pared in 0.2M sodium acetate buffer (pH 3.5), for 2 hours.
Stained sections were dehydrated in ascending grades of
alcohol and propylene oxide. The processed sections were
then embedded in Epon-Araldite mixture and polymerized
for 24 hours at 60 �C. Tissue blocks were sectioned using a
Leica Ultratome (Leica EM UC7). Thin (80 nm) sections were
recovered and stained with lead citrate for 5minutes.
Transmission electron photomicrographs were obtained in a
JEOL 1400 TEM microscope, equipped with a GATAN digital
camera. All reagents for electron microscopy were from EMS
(Hatfield, PA).

2.9. Statistical analysis

Quantitative data were expressed as mean± SEM in bar
charts. Data were analyzed using one- way analysis of vari-
ance (ANOVA) and Tukey post-hoc test was done when
ANOVA shows significant p values was set at 0.05.

3. Results

3.1. Increased gliosis in the hippocampus of datumetine
exposed animals

Hippocampal slices stained for neurons and glia (see Figures
1 and 2) showed that animals exposed to 0.25mg/kg of
Datumetine (0.25 Datumetine) expressed neurons in the
cornu ammonis (CA) and dentate gyrus (DG) regions of the
hippocampus, but little expression in the molecular layer
(ML) of the CA region. Animals exposed to 1.0mg/kg of datu-
metine expressed neurons in both the CA and DG parts of
the hippocampus, but scanty expression seen in the ML of
the CA region of the hippocampus. While animals exposed to
DMSO expressed neurons in all parts of the hippocampus.

CD11b expression (microgliaþmyeloid marker) was
observed in the ML of DG regions in the control animals.

Similar expression was also observed in 0.25 Datumetine ani-
mals to the control while 1.0 Datumetine animals showed
high expression of CD11b in all regions of the hippocampus
(Figure 1). Immunofluorescence quantification revealed that,
expression of CD11b were significantly increased in datume-
tine exposed animals than the control (Figure 1).

Astrocytic profile was also assessed in the hippocampus of
experimental animals using ant-GFAP (Figure 2). Expression
of GFAP positive cells in the control animals was more evi-
dent in the ML and part of DG of the hippocampus. 0.25
Datumetine animals showed GFAP positive expression in
areas similar to the control animals (i.e., ML and part of DG
of the hippocampus). Animals exposed to 1.0mg/kg of datu-
metine showed expression of GFAP more in CA3 region, DG
and ML of the hippocampus. Quantification of immunoposi-
tive cells showed that datumetine exposure significantly
increased the expression of GFAP in the hippocampus of the
exposed animals compared to the control animals.

3.2. Increased activity of excitatory and inhibitory
neurons in datumetine exposed animals

Hippocampal slices stained for vGlut1 (glutamate neurons)
showed that DMSO animals expressed vGlut1 in the granular
cell layer of the CA region and DG indicating presence of glu-
tamate neurons in the layer. Expression of vGlut1was
increased in the hippocampus of datumetine exposed ani-
mals. Extracellular expression of vGlut1 (an expression not
merging with DAPI staining) was also seen in datumetine
exposed animals which indicates loss of glutamate neurons
in the animals (see Figure 3).

Inhibitory neurons were stained using GABA. All parts of
hippocampus showed increased expression of GABA in datu-
metine exposed animals than the DMSO animals. 1.0
Datumetine animals also showed no expression in some part
of the molecular layer (ML) in the CA region (see Figure 4).

3.3. Hippocampal neuronal subtypes activity in
datumetine exposure

Expression of CHRNA7 was observed in the CA region of the
hippocampus together with the ML (Figure 5). 0.25
Datumetine animals showed CHRNA7 expression in the CA
region and ML of the hippocampus which is more than that
of the control animals. Similarly, 1.0mg Datumetine animals
had CHRNNA7 expression in all CA and ML regions of the
hippocampus. Quantification of CHRNA7 fluorescence showed
that, exposure to datumetine significantly (�p< 0.05)
increased the expression of CHRNA7 than the control.

Dopaminergic terminals were labeled using anti-TH.
Increased activity of dopaminergic terminals was seen in ani-
mals exposed to datumetine (see Figure 6).

Serotonergic neurons labeled with anti-TPH-1 showed
reduce expression in 0.25 Datumetine animals in all the part
of the hippocampus than the control. High extracellular
expression of TPH-1 was seen in 1.0 Datumetine, indicating
loss of serotonergic neurons. All animals exposed to datume-
tine showed no TPH-1 expression in the DG of the
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hippocampus (see Figure 7). All immunofluorescence quanti-
tative data value were supplied in the table of supplementary
file.

3.4. Datumetine altered neurofilament arrangement

Expansion microscopy technique was done to check for
neural connections in the hippocampus. This was achieved
by staining for neurofilament by immunofluorescence which
serves as the structural protein of neurons in the hippocam-
pus of experimental animals, and then expanding the slices
to increase the magnification and clarity.

In all part of the hippocampus, arrangement and distinct-
iveness of neurofilament were altered in all animals exposed
to datumetine compared to the control (Figure 8). In the CA
regions, the lattice arrangement of neurofilament was altered
and the organized arrangement of neurofilament in the DG
was also disorganized in datumetine exposed animals com-
pared to control.

3.5. Datumetine altered synaptic morphology with
synaptic loss

Electron microscopy technique was done to check for viable
synapse in the hippocampus. Viable synapse was identified by
the presence of pre- and post-synaptic membrane, postsynaptic
density (PSD) and presynaptic vesicles (Figure 9(a)). The number
of viable synapses was reduced in animals exposed to datume-
tine; this effect was more in animals exposed to 1.0mg/kg body
weight of datumetine. The number of presynaptic vesicles iden-
tified in the viable synapse was observed to reduce significantly
(�p< 0.05) in datumetine exposed animals compared to control
with 1.0 Datumetine animals with the least count (Figure 9(b)).
PSD thickness was also measured in viable synapse identified in
the micrograph of the experimental animals. Datumetine signifi-
cantly (���p< 0.001) increased the thickness of PSD in the
hippocampus of experimental animals compared to control
with 1.0 Datumetine animals having the highest PSD thickness
(Figure 9(c)).

Figure 1. Immunofluorescence results showing (a) representative images of DAPI, NeuN, and CD11b immunostaining in the hippocampus of experimental animals.
Graphical representation of flouresent quantification of (b) NeuN and (c) CD11b immunofluorescence intensity in the hippocampus of experimental animals (n¼ 10
slices per group, F(2, 27)¼31.85, p¼ 0.0002, �p< 0.05 one-way ANOVA with Tukey post-hoc test). See supplementary Figure 1 for higher magnification.

4 A. O. ISHOLA ET AL.

https://doi.org/10.1080/01480545.2020.1776315
https://doi.org/10.1080/01480545.2020.1776315
https://doi.org/10.1080/01480545.2020.1776315


4. Discussion

Our earlier report showed that Datura metel contains datu-
metine which has the ability to modulate NMDAR activity,
this brought about changes in NMDAR Ca2þ and inducing
memory deficit together with altering NMDAR signaling
(Ishola et al. 2020). This indicated that datumetine binding
with NMDAR alters its activity leading to its memory deficit
observed in our previous study.

In further characterization of datumetine-NMDAR interac-
tions, observations from the present study indicated that,
long term exposure to datumetine increased the activity of
glial cells (both astrocyte and microglia) in animals exposed
to datumetine. Increased activity of these glial cells has been
attributed to injury to the brain (Pekny et al. 1999, Sofroniew
and Vinters 2010, Gorina et al. 2011, Zamanian et al. 2012,
Paintlia et al. 2013), neuroinflammation (Takeuchi 2013,

Colombo and Farina 2016, Popichak et al. 2018) synaptic
pruning (Paolicelli et al. 2011, Li et al. 2012b) and excitotoxic-
ity (Matute et al. 2002; Rossi et al. 2004; Kauppinen and
Swanson 2007). This indicates that prolonged datumetine
exposure may be injurious to the hippocampus. Our previous
study showed that datumetine has binding affinity to
NMDAR at its orthosteric binding site (Ishola et al. 2020), this
is the site where glutamate will normally bind (Luo et al.
2011), this indicates that prolong datumetine exposure is
similar to glutamate excitotoxicity as it has been established
that glutamate can exert both synaptic plasticity and excito-
toxicity when is moderate and excess respectively
(Szydlowska and Tymianski 2010, Vishnoi et al. 2015).
Previous reports have shown that moderate activation of
NMDAR is essential for cell survival, synaptic plasticity and
LTP necessary for learning and memory (Traynelis et al. 2010,

Figure 2. Immunofluorescence results showing (a) representative images of DAPI, NeuN, and GFAP immunostaining in the hippocampus of experimental animals.
Graphical representation of flouresent quantification of (b) NeuN and (c) GFAP immunofluorescence intensity in the hippocampus of experimental animals (n¼ 10
slices per group, F(2, 27)¼24.35, p¼ 0.0001; �p< 0.05; ��p< 0.01 one-way ANOVA with Tukey post-hoc test). See supplementary Figure 2 for higher magnification.
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Ahmad et al. 2012, Papouin et al. 2012, Iacobucci and
Popescu 2017) whereas overactivation of NMDAR has also
been implicated in cell death (Szydlowska and Tymianski
2010, Milnerwood et al. 2010, Xia et al. 2010). Studies on neu-
rodegeneration diseases in rodents have also implicated
impaired NMDAR function as part of the pathophysiology of
the disease progression (Paoletti et al. 2013). Although
NMDAR hyperactivation is not in all case responsible for glia
activation (Subhramanyam et al. 2019).

Effect of datumetine on hippocampal neuronal subtypes
was also assessed. Datumetine increases the expression of
vGlut1. This indicates increased activity of glutamate trans-
mission (Wojcik et al. 2004, Reimer, 2009, Reimer and
Voglmaier, 2014). Unlike reports that indicated that vGlut1 is
reduced when activity is increased (Seal 2016), our results

showed that increasing NMDAR activity by datumetine also
increases VGlut1. This difference may be in part as a result of
neural loss in neurodegenerative disorders (Tabrizi et al.
2013, De Strooper and Karran 2016). Increased hippocampal
excitation is well correlated to increase GABA activity (Xue
et al. 2011, Yao et al. 2018). Together with the increased
activity of vGlut1 expression of GABA too was increased in
animals exposed to datumetine. Since our ligand docking
result showed that datumetine is specific for NMDAR binding
(Ishola et al. 2020), increased level of GABA will be as a result
of increased NMDAR activity as it is well established that
increased NMDAR activity leads to increase GABA release
(Xue et al. 2011, Yao et al. 2018). Similar to our observations,
administration of NMDAR agonist is reported to increase the
level of GABA in cortical neurons (Drejer and Honore 1987).

Figure 3. Immunofluorescence results showing (a) representative images of DAPI and vGlut1 immunostaining in the hippocampus of experimental animals, and (b)
quantification of vGlut1 immunofluorescence intensity in the hippocampus of experimental animals (n¼ 10 slices per group, F(2, 27)¼161.6, p¼ 0.0001,���p< 0.001 one-way ANOVA with Tukey post-hoc test).
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This interaction is attributed in part to level of intracellular
Ca2þ (Lindefors et al. 1997). Although the mechanism behind
this regulation is still skeptical, possible mechanisms been
put forward is that presence of glutamate receptors on
GABAergic neurons or brain plasticity to ameliorate effect of
hyperexcitation (Bavelier et al. 2010).

Datumetine increased the activity of cholinergic and dopa-
minergic neurons but not serotonergic neurons. Cholinergic

and dopaminergic transmission positively regulates the activ-
ity of NMDAR (Zweifel et al. 2008, Oswald et al. 2015). In this
study, nAChR-a7 was used to identify cholinergic terminals.
nAChR-a7 was reported to enhance glutamate transmission
(Koukouli and Maskos 2015). nAChR-a7 was shown to directly
control the gating of Ca2þ and upon activation can induce
local depolarization which leads to glutamate release (Zhong
et al. 2008, 2013). This process occurs presynaptically, while

Figure 4. Immunofluorescence results showing (a) representative images of DAPI and GABA immunostaining in the hippocampus of experimental animals, and (b)
quantification of GABA immunofluorescence intensity in the hippocampus of experimental animals. (n¼ 10 slices per group, F(2, 27)¼39.9, p¼ 0.0001, ���p< 0.001
one-way ANOVA with Tukey post-hoc test).
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at the postsynaptic channel, nAChR-a7 induces glutamate
release by amplification of weak signals (Ji and Dani 2000, Ji
et al. 2001). It has been reported that nAChR-a7 and NMDAR
directly interact in the hippocampus (Li et al. 2012a). This
activity of nAChR-a7 may explain the increased level of
vGlut1 observed in the treated animals. The activity of glu-
tamate transmission and nAChR-a7 activity is closely related.
Like the results obtained from this experiment, nAChR-a7
knock out mice showed reduced glutamate synapse
(Koukouli and Maskos 2015), whereas activation of nAChR-a7
by nicotine increased glutamate synapse in cell culture
(Lozada et al. 2012). The interaction of glutamate and

acetylcholine system is not unidirectional, blocking of
NMDAR activity reduced the effects of nicotine (D’Souza and
Markou 2011).

In a study conducted by Sing et al. glutamate and dopa-
mine transmission is reported to be interrelated in which
NMDAR activity modulate dopamine-1 (D1) receptor activity
bidirectionally (Singh et al. 1990). They showed that increas-
ing the activity of NMDAR increased dopamine transmission
and signaling mediated by D1 receptors in the striatum and
substantia nigra (Singh et al. 1990). Hippocampus receives
dopaminergic inputs from the ventral tegmental area (VTA)
(Weitemier and McHugh 2017) and is proposed that these

Figure 5. Immunofluorescence results showing (a) representative images of DAPI and CHRNA7 immunostaining in the hippocampus of experimental animals, and
(b) quantification of CHRNA7 immunofluorescence intensity in the hippocampus of experimental animals (n¼ 10 slices per group, F(2, 27)¼20.08, p¼ 0.0013,�p< 0.05, ���p< 0.001 one-way ANOVA with Tukey post-hoc test).
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inputs play a role in addiction and memory (McNamara and
Dupret 2017). In this study, datumetine which is proposed to
enhance the activity of NMDAR also showed increased
expression of dopaminergic terminals. Studies have shown
the presence of different dopamine receptor subtypes in the
hippocampus (Ishola et al. 2018). This observation may be in
part due to the modulation of dopamine activity mediated
by D1 as reported by Singh et al. (1990). Dopamine-2 (D2)
receptor which is another subtype of dopamine receptor usu-
ally mediates the control of movement (Ishola et al. 2015,
2018) and is found mainly on medium spiny interneurons
(Ishola et al. 2018). NMDAR activity is reported to have an

antagonistic effect on dopaminergic activity mediated by D2
receptors (Amalric et al. 1994). Blocking of NMDAR in the
VTA is reported to attenuate the enhanced dopamine release
and behavioral changes seen in animals exposed to psychos-
timulants (Kalivas and Alesdatter 1993). The interaction of
glutamate and dopamine transmission system in the brain is
not clear cut. Contrary to the result obtained, studies done
on mice striatum showed that blocking NMDAR activity
enhances locomotor activity similar to D2 agonist treatment
(Mele et al. 1996) this action was mediated by D2 receptor
activity while they also found out that memory impairment
observed by blocking NMDAR was reversed by D1 agonist

Figure 6. Immunofluorescence results showing (a) representative images of DAPI and TH immunostaining in the hippocampus of experimental animals, and (b)
quantification of TH immunofluorescence intensity in the hippocampus of experimental animals (n¼ 10 slices per group, F(2, 27)¼11.28, p¼ 0.0140, �p< 0.05 one-
way ANOVA with Tukey post-hoc test).
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implicating role of D1 receptors in memory formation (Mele
et al. 1996). Although locomotor activity was not assessed in
this experiment, and the striatum of the animals was not
assessed, future studies need to examine the effects datume-
tine enhancement of NMDAR may have on the D1 receptor
in the hippocampus as well as the behavioral implication.

Loss of serotonergic neurons was prominent in the DG
region of the hippocampus of datumetine exposed animals.
Serotonin activity bidirectionally modulates NMDAR functions
(Maura et al. 2000, Yuen et al. 2005). Blocking of NMDAR is
well correlated with increased serotonin transmission (Smith

et al. 1981, Loscher and Honack 1992, Lindefors et al. 1997).
The interplay between NMDAR and serotonin is reported to
be contradictory in the periaqueductal gray (PAG) area
(Moraes et al. 2008) which is similar to our present observa-
tion in the hippocampus. Several reports conducted on the
interplay of NMDAR and serotonin activity revealed that
effects of upregulating activity of serotonin was counteracted
by NMDAR agonist (Schmitt et al. 1995, De Souza et al. 1998,
Carobrez et al. 2001, Moraes et al. 2008).

Increased excitatory transmission leads to synaptic pruning
(Henson et al. 2017, Inquimbert et al. 2018) to regulate brain

Figure 7. Immunofluorescence results showing (a) representative images of DAPI and TPH-1 immunostaining in the hippocampus of experimental animals, and (b)
quantification of TPH-1 immunofluorescence intensity in the hippocampus of experimental animals (n¼ 10 slices per group, F(2, 27)¼22.49, p¼ 0.0016, �p< 0.05
one-way ANOVA with Tukey post-hoc test).
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activities. The neural connection was assessed using expan-
sion microscopy techniques stained for neurofilament.
Datumetine induces loss of neural connections in all regions
of the hippocampus. This may be due to the increased exci-
tatory transmission (Sattler et al. 1999, Dong et al. 2009,
Zhou et al. 2013) induced by datumetine. Glia cells also play
a major role in synaptic pruning (Paolicelli et al. 2011, Li et al.
2012b), as stated earlier datumetine exposure increased the
activities of glia. This together showed that prolong exposure
of datumetine increased NMDAR activities leading to hyper-
excitation in the hippocampus.

Electron microscopy studies on the synapse revealed that
datumetine exposed animals showed a reduction in the num-
ber of viable synapses with 1.0mg/kg Datumetine animals
showing the greatest reduction compared to controls. It is on

record that overactivation of NMDAR leads to synaptic loss
(Talantova et al. 2013, Zhou et al. 2013, Lewerenz and Maher
2015). This observation may be due to the persistent inter-
action of datumetine with NMDAR (Ishola et al. 2020). The
postsynaptic density was thicker in datumetine exposed ani-
mals with a great reduction in presynaptic vesicles. Chemical
neurotransmission is through the release of synaptic vesicles
(Trkanjec and Demarin 2001, Ikeda and Bekkers 2009) which
are tightly regulated by re-uptake back to the presynaptic
neurons (Piedras-Renteria et al. 2004, Dickman et al. 2012,
Davis and Muller 2015). Datumetine greatly reducing the
number of synaptic vesicles showed that either reuptake of
the vesicles is altered, or rate of production is not balanced
with the rate of release (Wang et al. 2016, Li and Kavalali
2017). Another possible explanation may be that NMDAR

Figure 8. Representative expansion microscopy images of the hippocampus of experimental animals showing neurofilament (red) and DAPI (blue). Treated animals
showed altered neurofilament expression and arrangement.
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binding with datumetine increases the affinity of presynaptic
NMDAR for glutamate thereby increasing the release of neu-
rotransmitters (Reimer et al. 1998, Takamori 2016).

5. Conclusion

This study concludes that acute datumetine exposure altered
hippocampal neurotransmitter systems, neurofilament and
synaptic morphology which may predispose to
neurodegeneration.
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