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Boophone disticha attenuates five day
repeated forced swim-induced stress and
adult hippocampal neurogenesis impairment
in male Balb/c mice
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Abstract: Depression is one of the most common neuropsychiatric disorders and is associated with dysfunction of the
neuroendocrine system and alterations in specific brain proteins. Boophone disticha (BD) is an indigenous psychoactive bulb
that belongs to the Amaryllidacae family, which is widely used in Southern Africa to treat depression, with scientific evidence
of potent antidepressant-like effects. The present study examined the antidepressant effects of BD and its mechanisms of
action by measuring some behavioural parameters in the elevated plus maze, brain content of corticosterone, brain derived
neurotropic factor (BDNF), and neuroblast differentiation in the hippocampus of Balb/c mice exposed to the five day repeated
forced swim stress (5d-RFSS). Male Balb/c mice were subjected to the 5d-RFSS protocol to induce depressive-like behaviour
(decreased swimming, increased floating, decreased open arm entry, decreased time spent in the open arms and decreased
head dips in the elevated plus maze test) and treated with distilled water, fluoxetine and BD. BD treatment (10 mg/kg/p.o
for 3 weeks) significantly attenuated the 5d-RFSS-induced behavioural abnormalities and the elevated serum corticosterone
levels observed in stressed mice. Additionally, 5d-RFSS exposure significantly decreased the number of neuroblasts in the
hippocampus and BDNF levels in the brain of Balb/c mice, while fluoxetine and BD treatment attenuated these changes. The
antidepressant effects of BD were comparable to those of fluoxetine, but unlike fluoxetine, BD did not show any anxiogenic
effects, suggesting better pharmacological functions. In conclusion, our study shows that BD exerted antidepressant-like
effects in 5d-RFSS mice, mediated in part by normalizing brain corticosterone and BDNF levels.
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Introduction

World Health Organization identifies depression as one of
the leading causes of morbidity and mortality worldwide [1].
Depression is a complex disease that can occur because of
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suicide. The heterogeneity of depression suggests that mul-
tiple biological mechanisms may underlie its etiology [3]. It is
estimated that 40% risk of developing depression is genetic,
though the specific genes involved are partially understood
[4]. The other 60% non-genetic risk remains poorly defined,
with diverse theories implicating acute or chronic stress,
childhood trauma, viral infections, and even random pro-
cesses during brain development as possible causes [5].

The most prescribed antidepressant drugs include tricy-
clic antidepressants (TCAs) and selective serotonin reuptake
inhibitors (SSRIs) [6]. Fluoxetine in particular has been
shown not only to have antidepressant properties but to also
have antioxidant activities [7]. However, these antidepres-
sant drugs have undesirable side effects. For instance, acute
administration of SSRIs such as fluoxetine has been reported
to paradoxically increase symptoms of anxiety for some in-
dividuals thereby complicating the treatment objective [8, 9].
This increase in anxiety is related to increased serotonergic
function of SSRIs, which is believed to provoke an anxio-
genic effect in animal models [10]. Co-administration of
benzodiazepines and SSRIs is believed to cause faster onset
of anxiolytic effects of the SSRI [9]. However, research has
shown that non-sedating anti-depressants in combination
with benzodiazepines could result in driving impairment
[11]. Furthermore, the conventional antidepressant drugs
such as fluoxetine are highly expensive and beyond the reach
of the poor and the needy. Consequently, the need for alter-
native antidepressant drugs becomes a great necessity and
have resulted in the search for affordable, cost effective and
easily accessible natural products and herbal medicines with
potential anxiolytic and antidepressant properties such as
Boophone disticha (BD).

BD (tumbleweed/sore-eye flower) is an indigenous bulb
that is widely used by traditional healers in Southern Africa
for the treatment of a variety of ailments including anxiety
[12]. BD belongs to the Amaryllidaceae family, Boophone
genus, found throughout Southern and Tropical Africa [13],
and has been reported to reduce mean arterial pressure of
maternally separated mice [14] and in normal non-stressed
mice [15].

Furthermore, crude leaf extracts of BD have also been
shown to have a high affinity for the serotonin transporter
(SERT) [16], with its two alkaloids buphanadrine and
buphanamine, being responsible for binding to the SSRI site
of the serotonin P transporter [17]. These mechanisms may
partially explain why BD is used traditionally for the man-
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agement of anxiety. One of the proposed mechanisms of ac-
tion of many antidepressants is through regulation of adult
hippocampal neurogenesis (AHN). AHN is a complex mul-
tistep process involving precursor cell proliferation in the
subgranular zone (SGZ) of the hippocampal dentate gyrus,
differentiation into neuroblasts, migration and subsequent
integration into the granule cell layer [18]. SSRIs have been
shown to enhance AHN, which might contribute to their
antidepressant properties [19]. Conversely, stress and major
depression have been shown to reduce volume, cell prolifera-
tion and neurogenesis in the adult mammalian hippocampus
[20].

Given that BD possibly acts through a similar mechanism
as SSRIs, we hypothesized that it would have a regulatory ef-
fect on AHN. Therefore, the aim of this study was to evaluate
the potential of a crude hydroethanolic extract of BD to at-
tenuate the five day repeated forced swim (5d-RFS) induced
stress, associated effects and possible AHN impairment in
male Balb/c mice. The 5d-RFS has been shown to result in
progressive increases in immobility time in rodents usually
persisting for at least 4 weeks and often considered the onset
and persistence of a depression-like state [21]. Additionally,
the 5d-RFS has been reported to decrease sucrose preference
for at least 4 weeks after the last swimming session, suggest-
ing anhedonia, which is also observed in human depression
[21, 22]. The progressive increase in immobility time and
persistence of anhedonia has been shown to last for at least 4
weeks, giving a window of opportunity to evaluate therapeu-
tic interventions [21].

Materials and Methods

Animals

Twenty (n=20) 6 week old male Balb/c mice were used in
the current study. Animals were purchased and housed at
Wits Research Animal Facility (WRAF) and were handled
by professional personnel of the facility. Before the start of
the experiment, animals were acclimatized for one week.
Consequently, at the start of the experimental procedure, the
animals were seven weeks old. Animals were individually
housed in perspex cages with wood shavings as a bedding.
A 12 hours light dark cycle was maintained throughout the
experimental period. Food and water was provided ad [libi-
tum. Initial body weights were taken at the start of the ex-
periment, and then once every week. Terminal weights were
also recorded and compared to initial weights. All animal
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experiments were carried out according to the protocols ap-
proved by the Animal Ethics Screening Committee (AESC)
of the University of the Witwatersrand (AESC number:
2017/011/78/D).

Plant material and extraction of phytochemicals

Bulbs of BD were purchased from Random Harvesters in
Muldersdrift Johannesburg, South Africa and were authen-
ticated at the Department of Botany, University of Johannes-
burg, South Africa.

A table knife was used to chop the fresh bulbs of BD into
small pieces and sun dried for seven days. The dried plant
material was ground into a fine powder using a blender. The
powder was then mixed with 70% ethanol in a ratio 5:1 (70%
ethanol: BD powder) and placed on an automatic shaker for
24 hours at room temperature. After 24 hours, plant debris
were filtered using Whatman No. 1 filter paper. The resultant
extract was concentrated using a rotary evaporator at 70°C.
The final product was a dark brown solid paste which was
air dried, crushed into powder and stored at room tempera-
ture. The administered dose of the powder was weighted in
grams according to each animal’s body weight and dissolved
in 2 ml distilled water and administered through orogastric
gavage.

Identification of phytochemicals using liquid
chromatography-mass spectrometry

A Thermoscientific ultimate 3000 Ultra High-Perfor-
mance Liquid Chromatography (UHPLC) in conjunction
with Bruker Compact Q-TOF high resolution mass spectro-
photometer (HRMS) was used to analyse 20 ul of BD extract
dissolved in methanol. Gradient elusion techniques was ap-
plied to elute 20 ul of the sample that was injected into the
UHPLC in a period of 14 minutes. Solvent A with a concen-
tration ranging from 95%-5% of 0.1% formic acid in water (v/v)
and a solvent B with a concentration ranging from 5%-95%
of 0.1% formic acid in acetonitrile (v/v) was used through
Raptor ARC C18 Column (2.7 um 2.1x100 mm). Analyses
of the sample was done using the UHPLC-HRMS analyses,
while Bruker Daltonics analyses was used for mass spectrum
analyses.

Experimental design

The twenty mice were randomly divided into two main
groups: A (treatment group: n=15) and B (control: n=5).
Group A was exposed to 5d-RFSS and was further divided
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into three treatment subgroups (Fluoxetine, BD and Distilled
water groups) with 5 mice each. Fluoxetine group received a
dose of 10 mg/kg body weight of fluoxetine [23, 24] via oral
gavage for 21 days, BD group received 10 mg/kg body weight
of BD extract via oral gavage for 21 days [14], and Distilled
water group received 0.2 ml distilled water, the vehicle for
the treatment drugs for 21 days. Group B (Control) consisted
of five normal mice that were not exposed to 5d-RESS and
received distilled water for 21 days.

Five day repeated forced swimming stress model

Forced swimming stress model was first introduced by
Porsolt et al. [25], in 1977. The procedure for this model is
to place the mouse for 6 minutes into a glass-polycarbonate
cylinder (25 cm highx10 cm wide) filled to a depth of 10cm
with water maintained at 24°C. Immediately following the
6 minutes exposure into the water cylinder, the animals are
removed from the cylinder and dried using a water absor-
bent pad. In the current study, we used a recently described
five day repeated forced swim stress (5d-RFSS) protocol
[22], in which mice were forced to swim in an open cylindri-
cal container (diameter, 10 cm; height, 25 cm) containing
10 cm deep water (25°C) for five consecutive days. The five
days procedure constituted the induction phase of the stress
model. This protocol had been shown to produce the depres-
sive symptoms that last for at least four weeks, allowing for a
time window to test and study therapeutic interventions [22].
After the five days induction period, animals were treated
for 21 days, while five minutes behavioural tests were con-
ducted and video recorded at intervals on days 7, 14 and 21,
after 5d-RFSS. The period/duration of swimming and im-
mobility during the 6 minutes test was measured from the
video recordings and recorded using a timer. While the FST
has received extensive criticism regarding its validity and
reproducibility, a metanalysis of 73 behavioral studies that
used FST in mice demonstrated external validity and repro-
ducibility of the FST where different types of antidepressant
drugs reduced immobility in the test [26].

The issue of ethics regarding the use of the FST has been
raised due to its perceived suffering to animals [27]. Howev-
er, there is currently no regulation against the use of the FST.
The fact sheet published by British Association for Psycho-
pharmacology in conjunction with, the Laboratory Animal
Science Association and Understanding Animal Research
advocated for the continued use of FST as a valuable behav-
ioral screening tool [28]. A recent commentary suggested the
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use of none-behavioral neurochemical measures like brain
derived neurotropic factor (BDNF) as an alternative to the
EST [29]. The current study included the testing of the BDNF
levels in the brain and showed that the changes in the BDNF
are in solidarity with the reduction in immobility time in the
EST paving a way for a shift away from the FST.

Behavioural tests

On the test day, mice were brought into the test room for
at least one hour before the test. All testing was performed
between 9:00 am and 15:00 pm by the experimenter. Behav-
ioral tests were done randomly (Elevated plus maize and
forced swimming test). All behavioral activities were video
recorded via an overhead video camera (Canon Legria, HF
R806, China) and later analyzed by the independent observer
blinded to the experimental groups.

Elevated plus maze

The maze is plus-shaped with four identical 50 cm
(length)x10 cm (width) arms, elevated 70 cm above the floor.
Two opposite arms are surrounded on three sides by 30 cm
tall opaque walls, and the other two arms are open with no
protecting walls on the sides. Each animal was introduced in
the centre area (10x10 cm) facing an open arm and allowed
to explore freely for 5 minutes. The number of arm entries
and time spent in each arm was scored. An arm entry was
scored when all four paws of the animals entered an arm and
time in arm was counted only if all four paws of the animal
are within the arm [25]. Behaviours in this task (i.e., activity
in the open and closed arms) reflect a conflict between the
rodent’s preference for protected areas (e.g, closed arms) and
their innate motivation to explore novel environments (e.g,
open arms). Anti-anxiety behaviour (increased open arm
time and/or open arm entries) can be determined simultane-
ously with a measure of spontaneous motor activity (total
and/or closed arm entries 30, 31].

Terminal procedures

After behavioural tests, animals were euthanized by an
overdose of 5% isoflurane at a flow of 2 I/min, followed by
intra cardiac perfusion with buffered saline. Following per-
fusion, brains were rapidly removed from the skull and sepa-
rated into two hemispheres. The left hemisphere was im-
mediately snap frozen in dry ice before being stored at -80°C
for biochemical analyses. The Elabscience ELISA kit (Biocom
Africa, South Africa, catalogue No. E-EL-M0203, BDNF and
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E-OSEL-MO0001, Corticosterone) for BDNF and corticoste-
rone was used according to the product specifications. The
brain stem and cerebellum was removed from the brains,
after which the tissues were weighed and then homogenized
in ice cold phosphatebuffered saline (PBS; 0.01 M, pH=7.4) in
a volume ratio of 1:9 tissue to PBS with a kitchen blender in
1.5 ml PCR tubes dipped in ice. The homogenates were then
centrifuged for 5-10 minutes at 5,000xg at 2°C-8°C to get
the supernatant. A 100 pl each dilution of standard, blank
and sample was added into the appropriate plates. Plates
were then covered and incubated for 90 minutes at 37°C. Af-
ter decanting the solution, 100 ul of Biotinylated Detection
Ab working solution was added to each well, followed by 1
hour incubation at 37°C. The solution was decanted and 350
ul of wash buffer was added to each well, and pat dried after
1 minute. Washes were repeated 3 times. 100 ul of HRP con-
jugate working solution was then added to each well followed
by 30 minutes incubation at 37°C. Wells were washed 5 times
in a buffered solution and then 90 pl of substrate Reagent
was added to each well, followed by 15 minutes incubation
at 37°C. A 50 ul of stop Solution was added to each well and
readings were done at 450 nm using a preheated microplate
reader. The mean absorbance was calculated. The right
hemisphere was immersion fixed in 4% buffered paraformal-
dehyde overnight before being transferred into 30% sucrose
for Nissl staining and immunohistochemistry.

Sectioning of the brain tissues

The right cerebral hemispheres were sectioned in a coro-
nal plane at 50 um, using a Leica croyostat at -25°C. One in
5 serial sections were collected free-floating into 24 well cul-
ture plates with 0.1 M PB. The first set of serial sections were
mounted in positively charged slides and air dried, followed
Cresyl violet staining. These sections were used to orientate
the sections, measure the volumes of the DG, granule cell
(GC) layer and hippocampus proper. The second set of the
serial sections were stained with doublecortin (DCX) for
migrating cells using immunohistochemical techniques. The
remainder of the sections were stored for further analyses.

Nissl staining

For anatomical orientation, and brain tissue architec-
ture, Cresyl violet or Nissl staining was used. Decreasing
concentrations of 5 minutes alcohol baths (100%, 95%, 70%,
and 50%) were used to rehydrate the slide mounted tissues,
followed by 1 minute deionization in water. Slides were than
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immersed for 1 minute in 1% Cresyl violet staining solution,
transferred into distilled water for 1 minute. Five minutes
baths of increasing concentrations of alcohol (50% to 100%)
were used to dehydrate the slides. Dehydration was inter-
rupted with a differentiation in 70% alcohol/acetic. Slides
were dipped in the above solution until the desired intensity
of the Cresyl violet stain was achieved. After differentiation,
dehydration was continued, and slides were than cleared in
xylene and cover slipped with DPX.

Immunohistochemistry

A protocol modified by Nkomozepi et al. [18], was used
for DCX immunohistochemistry stains. Brain tissue sec-
tions were incubated in endogenous peroxidase inhibitor
solution containing 49.2% 0.1 M PB, 49.2% methanol and
1.66% H,0,, and then the sections were washed in three ten
minutes washes in 0.1 M PB. Washes were followed by a 2
hours incubation with gentle shaking at room temperature
in a blocking buffer solution containing 0.25 % Triton X-100
in 0.1 M PB, 2% bovine serum albumin and 3% normal goat
serum. The sections were then incubated with gentle shaking
for 48 hours in primary antibody solution of rabbit anti-DCX
(1:2,000, AB18723; Abcam, Cambridge, UK) in a blocking
buffer solution, followed by three ten minutes washes in 0.1
M PB. Sections were than incubated under gentle shaking for
2 hours in 1,000 dilution of biotinylated anti-rabbit IgG (BA-
5000; Vector Laboratories, Burlingame, CA, USA) second-
ary antibody solution in blocking buffer solution, followed
by three 10 minute washes in 0.1 M PB. Sections were then
incubated for one hour in an avidin-biotin solution [1:125 A
and 1:125 B (Vector Laboratories) in 0.1 M PB] under gentle
shaking, followed by three ten minutes washes of 0.1 M PB.
The sections were then transferred into a solution contain-
ing 0.05% 3, 3-di-amino-benzidine tetrachloride in 0.1 M
PB for five minutes. 3.3 pl of 30% H,O, was added to each 1
ml of the above solution, and the reaction was monitored by
viewing the tissues under the stereomicroscope. To stop the
reaction, sections were transferred to a 0.1 M PB, and then
washed for 10 minutes in another fresh solution of 0.1 M PB.
Stained sections were mounted on positively charged slides
and air dried overnight, followed by dehydration in increas-
ing concentrations of alcohol. Air dried slides were cleared in
xylene and cover slipped with DPX. Random control sections
were stained following the above procedure but omitting
either the secondary or primary antibody to eliminate the
confounding effects of none specific staining. The control
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sections did not show DCX stained cells.

Volumes of the hippocampus

The volumes the DG, GC layer and hippocampus proper
for each animal was measured in 6 serial sections on photo-
micrographs acquired using a Leica ICC50 HD digital camera
using a free hand tool of Image] plugin, VOLUMEST [32, 33].

Doublecortin quantification

Six brain sections that were 250 um apart were quanti-
fied for DCX in the SGZ of hippocampus in each animal.
Cells were manually counted by means of a cell counter of
ImageJ [32] on photo micrographs taken by a Leica ICC50
HD microscope mounted camera. Adobe photoshop version
7 software (Adobe Systems, Mountain View, CA, USA) was
used to prepare the sample of micrographs of the DG of the
hippocampus. The originality of the micrographs was not
interfered with.

Statistical analysis

Statistical analysis was done using GraphPad Prism 7.0
(GraphPad Prism Software Inc., San Diego, CA, USA). All
tests were parametric, and P<0.05 was considered signifi-
cant. ANOVA followed by Bonferroni’s post-hoc tests was
used for comparisons of significant differences among the
treatment groups. Comparisons of all scored behaviours
were expressed as meanststandard error and compared
across treatments groups.

Results

Identification of phytochemicals in the hydro-ethanolic
extracts of BD using LC-MS

The spectrum view at 5.92 minutes had parental peaks as
indicated by the black squares in Fig. 1 with the circle dots
showing the fragments of the compounds. With the aid of a
metabolite mass spectral database, the parental peaks in Fig.
1 were identified according to their specific m/z as follows:
246.1492 is Tropococaine; 274.1439 is Galanthamine; 286.1439
is Narwedine; 302.1388 is Buphanamine, and 316.1537 is
Buphanidrine. All the phytochemicals obtain in this spec-
trum view are alkaloids and they are the most abundantly
isolated phytochemicals, probably due to the use ethanol sol-

vent.
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Phytochemical profile of BD based on LC-MS data

Of the alkaloids detected in the current study (Table 1),
buphanamine, lycorine, nerbowdine, crinine and distichamine
have also been detected in a previous study conducted by
Neergaard et al. [34], 2009. The above study also detected
undulatine, acetylnerbowdine, crinamidine, buphacetine and
buphanisine which were not detected in the current study. Of
importance in the results of the current study, is the detec-
tion of buphanidrine and buphanamine, the two alkaloids
which are known to be responsible for binding to the SERT
site (Table 1).

Animal weights

Table 2 shows the changes in body weights of the animals
in this study. Initial body weights were taken at the start of
the experiment, and then once every week. Terminal weights
were also recorded and compared to initial weights as shown
in Table 2. There was no statistically significant difference in
weight gain across the experimental groups (P=0.449). How-
ever, the percentage weight gain of the control group was sig-
nificantly higher than the experimental groups (P=0.01). It is
possible that the significant weight gain noted above is due to
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Fig. 1. Spectrum view of LC-MS chromatogram, acquired in the
positive-ion mode, from an extract of the bulb of BD. LC-MS, liquid
chromatography-mass spectrometry; BD, boophone disticha.

Table 2. Body masses (g)
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the significantly low (P=0.029) average initial weight of the
control group as all groups ended with a similar weight.

Forced swimming test

Induction phase

During the induction phase, mice were forced to swim
for 6 minutes daily for 5 days. On day one, the swimming
and immobility times were 141.06+29.55 and 218.93+29.55
respectively. These two indices significantly changed to
76.37+29.77 and 283.62+29.77 respectively on day five
(P=0.000). From day six, the animals were assigned to three
different treatment groups as described in the methods
above and were retested again after days 7, 14 and 21 of the
treatment period post 5d-RESS.

Changes in swimming times during the treatment period

There were significant differences in swimming times
across all the groups after 21 days of treatment (F=8.647,
P=0.004; Fig. 2A). Bonferroni’s post-hoc analyses showed
that the swimming time for both fluoxetine and BD treated
groups was significantly higher than that of the distilled wa-

Table 1. Phytochemical profile of BD based on LC-MS data

Retention Structural
m/z Common name
time formulae
0.71 min 104.1072  Choline C,H,,NO
302.1388  Buphanamine C,,H;,)NO,
3.77 min 3151537  Buphanidrine C,sH, NO,
205.097 Vasicinol C;H,,N,0,
5.15 min 288.1241  Lycorine C,H,NO,
5.48 min 332.1493  Tazittine CsH, NO;
5.92 min 272.1298  Crinine C,H,,NO,
246.1492  Tropacocaine C,;H,NO,
6.86 min 286.144 Narwedine\Nerbowdine C,,H,,NO,
7.77 min 330.1335  Distichamine C,H,;NO,
14.92mm  274.1439  Galanthamine C,¢H;,NO,
275.1471  Carboxyprimaquine C,;H;)N,0;,
18.16 min  353.2691  Montalnol C, H;NO,
24.39min  264.2411  Caranine C,H,,NO,
26.02min  556.4332  Chloroxathin/OH-Nerosporene  C,,H,0O

BD, boophone disticha; LC-MS, liquid chromatography-mass spectrometry.

Parameter Treatments
Control Stress+distilled water Stress+BD Stress+fluoxetine P-value
Initial body mass (g) 18.75 21.625 22 22.33 0.029
Final body mass (g) 24.125 24.25 24 24.83 0.449
Body mass gain (g) 5.375 2.625 2 2.5 0.001
% change in body mass 28.66 12.14 9.09 11.19 0.01

BD, boophone disticha.
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Fig. 2. Graphic representation of changes in swimming times after 21 days of treatment. (A) Significant differences in swimming time across
different groups were observed in ANOVA test (P=0.04). (B) The post-hoc test showed that in day 14 of treatment, the swimming time for
the fluoxetine treated animals was significantly higher (2=0.0012) compared to the distilled water and BD treated animals, while BD treated

animals only showed a significant increase by day 21, whereby the fluoxetine group had reached a plateau of increase in swimming time. (C) In

day 21, immobility times were significantly different across the treatment groups as demonstrated in ANOVA test (P=0.029). (D) A significant

time dependant steady reduction in immobility time from day 5 to day 21 was observed in the BD treated animals (2=0.004), whereas a steady

reduction was observed in fluoxetine treated group from day 5 to day 14 and plateaued between day 14 to day 21. The immobility time for

distilled water treated group remained high throughout the treatment period (2=0.001). Error bars correspond to the standard error of the
mean, **indicates significant changes due to treatments. BD, boophone disticha.

ter treated group (P<0.05). A time dependant effect of treat-
ments recorded in behavioural tests that were conducted in
days 14 and 21 was performed. The post-hoc analyses showed
that by treatment day 14, the swimming time for the fluox-
etine treated animals was significantly higher (P=0.0012)
compared to the distilled water and BD treated animals,
while BD treated animals only showed a significant increase
in swimming time by day 21 (P=0.004; Fig. 2B), whereby the
fluoxetine treated group had reached a plateau of increase in
swimming time.

Changes in immobility times

On day 14 of the treatment period, immobility times were
significantly different across the treatment groups as dem-
onstrated in ANOVA test (F=4.237, P=0.029). Furthermore,

Bonferroni’s post-hoc analysis revealed that the immobil-
ity times were significant reduced in the fluoxetine treated
group compared to both the distilled water and BD treated
groups (P= 0.01). On the contrary, no significant differ-
ences were found between the distilled water and BD treated
groups in post-hoc test (P=0.185).

In day 21, ANOVA test detected significant differences
in immobility times across the treatment groups (F=8.597,
P=0.004, Fig. 2C). Bonferroni’s post-hoc analysis revealed
that immobility times were significantly reduced in both the
fluoxetine (0.001) and BD (0.004) groups compared to the
distilled water treated group.

When compared to the control, distilled water treated
group had significantly high immobility times by treatment
day 21 (P=0.001). However, no differences were found be-
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Fig. 3. Graphic representation of the elevated plus maze results. (A) The time spent in the open arms was significantly different across the groups
in ANOVA test (P=0.0001). Bonferroni’s post-hoc test revealed that the time spent in the open arms was significantly higher in the control group
compared to experimental groups (2<0.05). BD treated group recorded significantly high time in the open arms compared to both distilled
water and fluoxetine groups (P<0.05). The time spent in the open arms for fluoxetine and distilled water group was not significantly different
(P>0.05). (B) The time spent in the closed arms was not significantly different across the groups (P=0.195). The control group recorded the
lowest time in closed arms though non-significant in the ANOVA test when compared with the treatment groups. Both fluoxetine and BD
recorded low time in the closed arms as compared to the distilled water group. (C) The number of head dips was significantly different across
the groups as shown by ANOVA test (F=6.122, P=0.0105). Bonferroni’s post-hoc test showed that the BD group had significantly high number
of head dips compared to distilled water and fluoxetine treated groups both of which scored the lowest number of head dips (2<0.05). Both
the control and BD treated groups recorded high frequency of open arm entries compared to both distilled water and fluoxetine treated groups
(P<0.05). (D) Both the control and BD treated groups recorded high frequency of open arm entries when compared to both distilled water and
fluoxetine treated groups (P<0.05). (E) BD treated group had significantly low frequency of closed arm entries compared to distilled water and
fluoxetine treated groups (P<0.05). Error bars correspond to the standard error of the mean, **indicates significant changes due to treatments.

BD, boophone disticha.
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tween the control and both the fluoxetine (P=0.067) and BD
(P=1.00) treated groups.

A time dependant steady reduction in immobility time
from day 5 to day 21 was observed in the BD treated animals,
whereas a steady reduction was observed in a fluoxetine
treated group from day 5 to day 14 and plateaued between
day 14 and 21. The immobility time for distilled water treat-
ed group remained high throughout the treatment period
(P=0.001, Fig 2D).

Elevated plus maze

Time spent in open arms

Fig. 3 shows the results of the elevated plus maze. The
ANOVA test showed that the time spent in the open arms
of the elevated plus maze was significantly different among
the groups (F=44.41, P=0.0001, Fig. 3A). Bonferroni’s post-
hoc test revealed that the time spent in the open arms was
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significantly higher in the control group compared to ex-
perimental groups (P<0.05). Furthermore, BD treated group
recorded significantly high time in the open arms compared
to both distilled water and fluoxetine treated groups (P<0.05).
The time spent in the open arms for fluoxetine and distilled
water treated groups was not significantly different (P>0.05).

Time spent in closed arms

The time spent in closed arms was not significantly dif-
ferent across the groups as shown in ANOVA test (F=1.835,
P=0.195). The control group recorded the lowest time in
closed arms, though non-significant, when compared with
the treatment groups. However, both fluoxetine and BD
recorded low time in the closed arms as compared to the dis-

tilled water group (Fig. 3B).

B 5000 -

~ 4,000 ~ T
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Fig. 4. Graphic representation of the volumes of the dentate gyrus and hippocampus across the groups. (A) The ANOVA test did not detect
any significant differences in the volume of the dentate gyrus (F=0.3083, P=0.8190), (B) whole hippocampus (F=3.110, =0.1101), and (C)
granule cell layer of the dentate gyrus (F=1.501, P=0.2955) across all the groups. There was a slight reduction of the dentate gyrus volume in
the experimental groups compared to the control group. A slight reduction in the hippocampal volume of the experimental groups as compared
to the control group was also observed. The same observation was also noted in the volume of the granule cell layer of the experimental groups
compared to the control group. Error bars correspond to the standard error of the mean, **indicates significant changes due to treatments.
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Number of head dips and frequency of open and closed arm

entries

The number of head dips was significantly different across
the groups as shown by ANOVA test (F=6.122, P=0.0105, Fig.
3C). Bonferroni’s post-hoc test showed that the control group
had significantly high number of head dips compared to
distilled water and fluoxetine treated groups, both of which
scored the lowest number of head dips (P<0.05). Further-
more, Bonferroni’s post-hoc test showed that the head dips
of the BD treated group were not significantly different from
those of the control group (P>0.05). In addition, the post-
hoc test showed that both the control and BD treated groups
recorded significantly high frequency of open arm entries
compared to both distilled water and fluoxetine treated
groups (P<0.05, Fig. 3D). Furthermore, BD treated group had
significantly low frequency of closed arm entries compared
to distilled water and fluoxetine treated groups (P<0.05, Fig.
3E).

Volume of hippocampus

The ANOVA test did not detect any significant differences
in the volume of the dentate gyrus (F=0.3083, P=0.8190, Fig.
4A), whole hippocampus (F=3.110, P=0.1101, Fig. 4B), and
granule cell layer of the dentate gyrus (F=1.501, P=0.2955,
Fig. 4C) across all the groups. However, there was a slight
reduction of the dentate gyrus volume in the experimental

C 'Boophone disticha
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groups compared to the control group. Similarly, a slight
reduction in the hippocampal volume of the experimental
groups was observed compared to the control group. The
same observation was also noted in the volume of the gran-
ule cell layer of the experimental groups compared to the
control group.

Doublecortin expression

There were statistically significant differences in the DCX
expression across the groups as detected by the ANOVA test
(F=10.23, P=0.0005). Bonferroni’s post-hoc test showed that
the DCX expression was significantly lower in the distilled
water treated group compared to both fluoxetine and BD
treated groups (P<0.05, Figs. 5, 6A). The DCX expression
in fluoxetine and BD treated animals was similar and com-
parable to the control group. Furthermore, the DCX im-
munoreactive cells of the control, BD and fluoxetine treated
groups had well developed dendritic spines, while those of
the distilled water treated group had poorly developed den-
dritic spines (Fig. 5).

Brain derived neurotropic factor

The expression of BDNF was significantly different across
the groups in ANOVA test (F=9.051, P=0.0026, Fig. 6B). The
expression of BDNF was significantly lower in the distilled
water group compared to the control, fluoxetine and BD

Fig. 5. Photomicrographs showing
DCX immunoreactive cells in the SGZ
of the dentate gyrus of the hippocampus
of the normal (control) (A) and treated
(B-D) groups. The black arrows are
showing the cell bodies of the neuro-
blasts and the white arrows are showing
the dendritic spines. Poorly developed
dendritic spines can be seen in the
distilled water treated group B. The
oval circle in group B shows one of the
patches in the lower limb of the dentate
gyrus where DXC immunoreactive cells
were absent leading to low cell count
in this group. The magnified areas
on the top right of each micrograph
represent the areas indicated by the
black rectangles. DCX, doublecortin;
SGZ, subgranular zone; GCL, granule
cell layer; ML, molecular layer.
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Fig. 6. Graphic representation of the expression of DCX-ir and biochemical analyses of BDNF and corticosterone. (A) The expression of DCX-
ir was significantly different across the groups (2=0.0005). DCX-ir expression was significantly lower in the distilled water treated group when
compared to both fluoxetine and BD treated groups as shown by the post-hoc test (P<0.05). Post-hoc analyses further showed that the counts of
DCX-ir cells in both fluoxetine and BD groups were significantly higher than the distilled water group (2>0.05). (B) The expression of BDNF
was significantly different across the groups (P=0.0026). BDNF expression was significantly lower in the distilled water treated group when
compared to the control, fluoxetine and BD treated groups in the posz-hoc test (P<0.05). The post-hoc test further showed that fluoxetine and
BD treatment significantly increased the expression of BDNF when compared to the distilled water group (£<0.05). (C) The expression of
corticosterone was significantly different across the groups (P=0.001). The post-hoc test showed that corticosterone levels remained significantly
high in the distilled water treated group when compared to the control group (2<0.05). On the contrary, treatment with either fluoxetine or BD
significantly reduced corticosterone levels (2<0.05). The levels of corticosterone in the fluoxetine and BD treated groups were not significantly
different from that of the control group (£>0.05). Error bars correspond to the standard error of the mean, **indicates significant changes due to
treatments. BDNF, brain derived neurotropic factor; DCX-ir, doublecortin immunoreactive cells; BD, boophone disticha.

treated groups in the post-hoc test (P<0.05). Furthermore, treatment with either fluoxetine or BD significantly reduced

the post-hoc test showed that fluoxetine and BD treatment  corticosterone levels (P<0.05). The levels of corticosterone in

significantly increased the expression of BDNF compared to
the distilled water group (P<0.05). There were no significant
differences when comparing the control group to both fluox-
etine and BD treated groups (P>0.05).

Corticosterone

The expression of corticosterone was significantly dif-
ferent across the groups (F=53.55, P=0.001, Fig. 6C). The
post-hoc test showed that corticosterone levels remained
significantly high in the distilled water treated group when
compared to the control group (P<0.05). On the contrary,

the fluoxetine and BD treated groups were not significantly
different from that of the control group (P>0.05).

Discussion

Changes in immobility time

In the current study, we investigated the therapeutic ef-
ficacy of the hydroethanolic extract of BD in attenuating the
effects of five days forced swimming stress in male Balb/c
mice. In the induction phase of the stress model, mice were
forced to swim for 6 minutes, each day, in a glass cylinder
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for five consecutive days followed by 21 days treatment in-
terventions mixed with behavioral tests in-between. The
results indicate that the five days forced swimming signifi-
cantly increased the immobility time in day five compared
to day one, thus confirming a successful stress induction.
The immobility time was high in control group compared
to either fluoxetine or BD treated groups throughout the 21
days treatment period. The persistent high immobility time
observed in distilled water treated group corroborates with
previous reports indicating that the 5 days forced swimming
induced stress persists for a period of four weeks [21, 22].
Treatment with fluoxetine caused significant reduction in
immobility time by day 14. By day 21, immobility time for
fluoxetine treated group remained similar to day 14 but BD
treated group showed significant decline in immobility time
compared distilled water group.

The absence of change in immobility time in fluoxetine
treated group between day 14 and 21 suggest fast onset and
peak of action by fluoxetine, followed by plateaued effect.
Previous studies reported similar reduction in immobility
time following 10 mg/kg fluoxetine treatment for 24 days
in Balb/c mice but did not include the weekly intervals of
behavioural test assessments as in the present study [35].
However, the result is consistent with other previous reports
of continuous reduction in immobility time between week
one and week two of fluoxetine treatment [36]. Therefore, the
distinction between the present study results and the previ-
ous report [36] is the third week behavioural test assessment
which showed a plateauing in the action of fluoxetine.

The present study has therefore revealed lack of prolonged
fluoxetine action relative to prolonged continuous potency of
BD against the effects of the stress [35].

The time dependent increase in the efficacy of BD with
the same dose could be an advantage in maintaining depres-
sion patients without increasing the dosage of the drug. A
previous study showed that two alkaloids of BD, buphanid-
rine and distichamine have the affinity for the SERT, a prop-
erty which is believed to be responsible for the antidepressant
effects of BD [12, 34]. Overall, the effects of both fluoxetine
and BD on the swimming behavior of animals are in agree-
ment with the known principle that serotonergic compounds
like fluoxetine are sensitive to swimming behavior while
TCAs are sensitive to climbing behavior of animals [37, 38].

Elevated plus maze
Fluoxetine treated group performed poorly in the elevated
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plus maze with regards to the number of head dips and time
spent in the open arms when compared BD treated group.
The lower fluoxetine scores in the open arms and head dips
is in agreement with the reports by the previous authors
who recorded that acute administration of selective sero-
tonin reuptake inhibiters paradoxically increase symptoms
of anxiety for some individuals whereby anxiolytic effects
only become observable after chronic treatment [8, 9]. A
sharp increase in serotonergic function of SSRIs provoke an
anxiogenic effects in animal models [10]. The same effect
has been observed in humans where anxiety is exacerbated
at the initiation of SSRIs treatment [39]. It is possible that the
slow action of BD shown in this study gives an advantage
of a slow increase in serotonergic function as opposed to a
sharp increase caused by SSRIs which has been suspected to
cause anxiogenic symptoms in patients taking these drugs.
The number of head dips, time spent in open arms and the
frequency of open arm entries in the BD treated group was
comparable to that of the control group, suggesting that BD
attenuated the effects of stress. These findings are in agree-
ment with a previous study where 10, 25, and 40 mg/kg doses
of BD produced high scores of head dips and frequency of
unprotected arm entries [15]. We hypothesize that the ob-
served time dependant increase in the efficacy of BD is the
reason for anxiolytic effects of BD treated animals as dem-
onstrated in the elevated plus maze test.

Volume of the hippocampus

Not much has been reported about how acute stress af-
fect the volumes of the hippocampus. Previous studies have
reported a 3% reduction in hippocampal volume in rats after
exposure to chronic stress [40-45]. The neuronal loss caused
by stress in the hippocampus could be one of the explana-
tions for the reduction in the volume of the hippocampus
[46, 47]. A previous study done do demonstrate the effects of
prenatal stress on the volume of the hippocampus found that
the reduction in volume specifically affected DG, subiculum,
molecular layer, all subfields of the cornu armonis and GC
[48]. The above hippocampal subfields are identified as sen-
sitive to stress and glucocorticoids [48]. Furthermore, animal
studies have shown that changes in hippocampal volume are
interlinked to changes in cell proliferation, dendritic struc-
ture and neurogenesis [49, 50].

Doublecortin expression
In the current study, the chronic stress significantly re-
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duced the expression of DCX immunoreactive cells. This
reduction in expression of DCX immunireactive cells was
attenuated by both fluoxetine and BD treatments. The above
results are consistent with the previous findings that pro-
vided evidence that acceleration of neurogenesis is one of
the cellular mechanisms underpinning SSRIs antidepressant
efficacy [51-54]. Chronic administration of SSRIs including
fluoxetine has long been shown to play a role in promoting
proliferation of progenitor cell early phase maturation and
cell survival stages of neurogenesis [24, 55, 56]. In human
patients, it has also been shown that the number of mature
granule cells in the dentate gyrus of major depressive disor-
der patients treated with SSRIs is higher than in untreated
patients [57]. On the hand, a previous study in 5-HT1A
receptor knockout mice showed that proliferation and early
maturation of cells in the DG was lacking after treatment
with fluoxetine [58]. The above results suggest that the ef-
fects of SSRIs on granule cell layer proliferation is mediated
through 5-HT1A receptors [59]. The involvement of 5-HT1A
receptors in SSRIs mediated neurogenesis is also confirmed
by the studies that used a 5-HT1A receptor agonist, 8-OH-
DPAT, where the cell proliferation in the DG was seen to in-
crease after short-term administration in rodents [60, 61]. In
addition, 5-HT4 receptor activation has also been shown to
facilitate proliferation and maturation of new-born neurones
[62]. In the current study, BD treated animals showed results
comparable to fluoxetine in terms of expression of DCX
immunoreactive cells. Previous studies have demonstrated
that two alkaloids of BD, buphanidrine and buphanamine
have the affinity for the 5-HT1A receptors [11]. The above is
thought to be the explanation for the antidepressant effects
of BD. While previous studies did not look at the effect of BD
on the expression of the DCX immunoreactive cells of the
dentate gyrus, the observations of the current study suggest
that BD causes antidepressant effects with the mechanism
similar to that of fluoxetine in rectifying the decline of DCX
imminoreactive cell expression.

Corticosterone and BDNF levels

A significant increase in the brain corticosterone was
observed in stressed control animals of the current study,
in agreement with previous authors [63-68]. In the current
study, treatment with either fluoxetine or BD normalised the
levels of brain corticosterone. Similarly, other studies have
recorded reduction in corticorsterone levels in depressed
human patients and animals after treatment with SSRIs [69-
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72]. Furthermore, our observations confirm the findings by
previous research that SSRIs are able to downregulate the
HPA axis activity in both rats and human subjects [73, 74].
The reduction of corticosterone levels seen after SSRIs treat-
ment has been associated with improvement in depressive
symptoms including memory impairment [75].

We recorded significantly reduced levels of BDNF in the
control group of the current study. These findings are in
agreement with previous authors who reported low levels
of BDNF in animals exposed to stress and in post mortem
brains of depressed patients [76-82]. Evidence has been
previously provided that the reduction in BDNF levels are
linked to depressive symptoms in mice [83, 84]. Similar to
corticosterone, treatment with either fluoxetine or BD re-
stored the levels of BDNF to the levels comparable to that of
the control group in the current study. Early studies estab-
lished that part of the mechanism of action of antidepressant
drugs is enhancement of BDNF and TrkB mRNA expression
in the hippocampus and cortical regions [85, 86]. Fluoxetine
in particular has been shown to promote BDNF expression
in the visual cortex and hippocampus through BDNF signal-
ling [87]. Furthermore, the increased levels of BNDF coupled
with increase in DCX immunoreactive cells recorded in the
current study further support the theory that the activity of
the antidepressant drugs is related to neuronal plasticity [88,
89]. It is therefore possible that BD exerts its antidepressant
effects on the BDNF levels through the same mechanism de-
scribed for fluoxetine and SSRIs in general.

In conclusion, we hypothesize that the hydroethanolic
extract of BD exerts its antidepressant effects with a mecha-
nism similar to that of fluoxetine. Both the above treatments
caused a reduction of corticosterone and an increase in
BDNF levels. The Increase in BDNF levels is believed to be
responsible for the improvement in the count of DCX immu-
noreactice cell counts in the treated animals when compared
to the control group. Mean while both BD and fluoxetine
demonstrated anxiolytic effects in the forced swimming test,
animals treated with fluoxetine showed anxiogenic like be-
haviour in the open field test where the animals spent more
time in the protected arms and had fewer count of head dips,
while animals treated with BD showed good anxiolytic ac-
tivities where the above parameters were significantly higher.
In the current study, we have also shown that the potency of
BD has a time dependant increase in the forced swimming
test. Fluoxetine treatment reached its maximum potency by
day 14 of the treatment period as shown by the swimming
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time of the animals, while in BD treated animals swim-
ming time continued to increase steadily, and by day 21 it
was comparable to that of fluoxetine treated animals. These
results suggest that BD has a potential for better outcomes as
an antidepressant medication when compared to the current
conventional medication.
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