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Abstract

Four decades of search in quest of an effective therapeutic option for Alzheimer’s disease (AD) has led to a complete clinical failure, putting pre-clinical
models, their evaluation in spotlight. The pre-clinical stage if lead with a systemic approach, than jumping straight into clinical trials, will reduce
financial burden opening avenues for effective AD therapeutics. Preliminary screening therefore shall be fast, ensuring use of efficient, easy, and less
time consuming pre-clinical models for screening new entities. Aim of present research was therefore development of a quick, effective, and easy
zebrafish model for preliminary screening of probable AD therapeutics. The present research used total of 72 zebrafish divided into six groups, control,
negative control, vehicle control, and 3 groups for apocynin (10 mg/kg, 30 mg/kg, and 70 mg/kg). We investigated memory retention, long term memory
retention using passive avoidance paradigm, free radical generation using DCFDA assay, and glial cell proliferation using H and E histological staining.
Intraperitoneally administered scopolamine (0.025 mg/kg) induced memory deficits hindering memory formation. Apocynin at all doses prevented
scopolamine-induced amnesia. Apocynin was found to be capable of reducing free radical load and curbing the inflammation due to scopolamine
administration. Moreover; long term memory retention was observed with 10 mg/kg apocynin. Our revelations designate the fact that passive avoidance
model in zebrafish could be used as an acute model in order to screen potential entities for treatment of AD. Our findings highlight that a single dose
of apocynin could reverse memory deficits induced by single scopolamine injection by acting on cholinergic transmission pathway. Apocynin being
an anti-oxidant reduced the free radical generation, thus engaging one of the crucial pathways toward AD pathophysiology. In addition it offered
neuroprotection by reducing glial cell proliferation. In conclusion apocynin exhibited multifaceted pharmacological activities like being nootropic,
neuroprotective, and anti-oxidant in preclinical AD model.
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Introduction animal model. Zebrafish brain is highly conserved of the basic brain

o . ) ) organization, with similar key neuroanatomical and neurochemical

The cost of bringing a medicine from invention to pharmacy .
. - o i ; pathways of relevance to human diseases [6,7]. In the recent years
shelves is $2.8 billion [1]. A lot of molecules are failing miserably in

zebrafish has been proposed as a valid experimental paradigm to
the clinical phase of AD. Therefore a systematic approach in the initial

study AD [8]. Scopolamine (SCP) is a well known and extensively

drug discovery process is of utmost importance. A number of models . . . . . .
5 YP P studied muscarinic cholinergic antagonist which has several effects

are being developed to mimic the AD pathogenesis and the existing
ones are being fine tuned to meet the demand. To curtail down the
search for a therapeutic option from a humongous number i.e. to

in central and peripheral nervous system [9,10]. Both clinical [11,12]
and rodent [13,14] studies point towards its ability to induce cognitive
deficits. Substantial evidences also indicate the potential of acute
scopolamine to develop memory deficits in zebrafish [15-20]. Current
research strategies target the unused potential of phytoactives and

generate a lead from various hits will require use of an efficient, fast,
and effective in-vivo pre-clinical model. Zebrafish as a pre-clinical

model i i ith all th haracteristics. . . . .
odelis equipped with all these characteristics marine actives as therapeutic moieties in AD. Apocynin an inhibitor

The zebrafish (Danio rerio) is fast emerging as a promising model
organism to study various central nervous system (CNS) disorders,
including AD [2].1t has recently become a focus in neurobehavioral
studies since it displays quantifiable neuropathological and behavioural
phenotypes [3,4]. Zebrafish have a fully characterized genome, and
exhibit significant physiological homology to mammals, including
humans [5]. Zebrafish is an ideal model for the study of human diseases
because they present a number of features that make it unique as an
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of NADPH oxidase is a naturally occurring methoxy-substituted
catechol [21]. It is isolated from the roots of Apocynin cannabinum
(Canadianhemp), Picrorhizakurroa (Scrophulariaceae) and Jatropha
multifia (Euphorbiaceae) [22-24]. It is known to possess various
biological activities like anti-inflammatory, anti-oxidant and is
useful in many disorders such as neurodegeneration, asthma, cancer,
arteriosclerosis, hypertension etc. [21]. Apocynin was found to be
effective in 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP)
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marmoset model. It compensated for the loss of dopamine, mitigated
the parkinsonian signs, symptoms, and improved motor function [25].
All this literature encouraged us to investigate apocynin in zebrafish
passive avoidance paradigm as a model for AD. In the current research
we demonstrate the development of an acute zebrafish model which
is easy, quick, and useful for screening new potential entities for AD,
to arrive at possible lead in the drug discovery process. We have also
explored the passive avoidance paradigm to study the memory deficits
induced by a single scopolamine administration and its subsequent
reversal by apocynin.

Materials and Methods

Reagents and Chemicals
2]
7’-dichlorofluorescin diacetate (DCF-DA) procured from sigma

Aldrich, USA, Tween 80 from S D Fine Chemicals Itd, India. All other
chemicals used were of analytical grade.

Apocynin, (-)-Scopolamine hydrobromide trihydrate,

Animals

Indigenous transgenic male adult zebra fish strain Danio rerio
(3-4 months old) were used for this study (obtained from Dolphin
Aquaculture, Mumbai, India). The fish chosen were of uniform size in
length (3 cm + 0.5 cm) and weight (500 £ 50 mg). They were maintained
in 25 litres glass storage tank containing purified dechlorinated water
to neutralize heavy metals, chlorine, and chloramines present in
the water that could be harmful to fish. Fish tank temperature was
maintained at 25°C + 2°C under a 12:12-hr light: dark cycle and were
continuously aerated. Fish were fed thrice daily with brine shrimp
(marketed as Instincts®). The temperature, oxygen, and water quality
was maintained throughout the experimental procedures and the
fishes were allowed to acclimatize to the laboratory conditions for 9
days [26]. All solutions administered were prepared fresh at room
temperature.

Procedure

The dose for scopolamine administration was chosen based
[27].
intraperitoneally in zebrafish after the training sessions using 6 mm
X 31 G needle attached to 26-G 10 ul Hamilton syringe with help of a
catheter of size 24-G using Kinkel MD protocol with modifications [28].

on previous literature Scopolamine was administered

Briefly, the zebra fish were cryoanesthetized prior to intra peritoneal
injection until the fish shows reduced respiration and lack of motor
coordination. The anesthetized fish was gently put in a water-soaked
sponge with the abdomen facing up and the head of the fish positioned
at the hinge of the sponge. The needle was inserted into the midline
of the abdomen parallel to the spine and posterior to the pectoral
fins. The procedure was mastered to complete the injection within
10 sec. Following injection, the fishes were kept in separate tanks to
facilitate the recovery post anaesthesia with water maintained at 25 +
2°C along with proper aeration. Apocynin was administered orally. In
order to guarantee the doses administered, apocynin was suspended
in Tween 80 (1%) in distilled water. Apocynin was administered orally
after 1 hour of scopolamine administration using 24-G catheter fitted
into the hypodermic needle of 26-G 10 ul Hamilton Syringe using
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Collymore C protocol with modifications [29]. Briefly, the fish was
cryoanesthetized and held in water soaked sponge, in such a way that
the fish was held vertically upward with its back positioned in the hinge
of the sponge. The flexible tubing, for oral gavage was lowered into the
oral cavity of the fish, approximately 1 cm, until the tip of the tubing
extended past the gills. The drug solution was then injected slowly into
the intestinal tract. The volume of drug administered was 2 pl. The
injection procedure was mastered to complete the injection procedure
within 10 sec. Following injection, the fishes were kept in a separate
tank to facilitate the recovery post anaesthesia, with water maintained
at 25 + 2°C along with proper aeration. After every administration
the fishes were transferred into a new clean tank. Tween 80 was used
as the vehicle. The vehicle, scopolamine, and apocynin were prepared
freshly on the experimental day. Post injection and oral administration
fishes which did not recover within 2 to 3 min were excluded from the
experiment. The fishes were divided into six groups, namely control,
negative (SCP 0.0025 mg/kg ip), vehicle (tween 80 po), apocynin 3
groups; APO 10 mg/kg po, APO 30 mg/kg po, APO 70 mg/kg po; with
12 fishes in each group.

Passive Avoidance Experimental Chamber

Individually zebrafish were trained and tested for the long-term
memory retention in the passive avoidance task. The apparatus consists
of 18 cm length x 9 cm width x 7 cm height glass tank divided in two
equal half compartments designated as dark and white (differentiated
by the colour of the tank), by a manually operated sliding door (9 cm
x 7 cm). The tank water level was maintained at three cm and the
partition was raised one cm above the tank floor to allow zebrafish to
swim freely from one side to the other [15,16,30].

Passive Avoidance Paradigm

On training session, fish was placed in the white side of the tank
with the partition between compartments being closed. The fish was
allowed to acclimatize in it for three min and the partition was then
raised till one cm height. The fish was given five min to enter the dark
compartment through this partition. The partition door was closed
once the fish entered the dark compartment completely with its entire
body. A marble was dropped in front of the fish head; three sec after it
entered the dark compartment. The fish was then immediately removed
from the dark compartment and placed in a separate tank. This whole
procedure is considered as one training session. The marble dropped
in front of the fish served as shock for the fish, so that it would be
reluctant to enter the dark compartment. Each fish was trained thrice
with an interval of three min between each training session [15,16,30].
Each training session hereafter will be addressed as a trial. After the
three trial session, a test session was conducted after two hr of the
last trial (documented as day 1) for control group fishes. The test
session consisted of repeating of the trial session except, the marble
was not dropped when the fish entered the dark compartment. For
negative control group, SCP was administered ip after 1 hr of the last
trial. The test session was conducted one hr post SCP administration,
documented as day 1. For the vehicle and test drug groups, the vehicle
(1% tween 80) or the test drug (apocynin 10 mg/kg, 30 mg/kg, and 70
mg/kg) were administered per oral one hr after SCP administration.
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The test session was conducted one hr after the vehicle or test drug
administration, documented as day 1. For all the groups only the test
session was repeated after 24 hrs, documented as day 2; and after 48
hrs documented as day 3 after the first test session (day 1); to assess the
long term memory retention. The flowchart for the passive avoidance
test for all the groups is depicted in Figure 1. The latency to completely
enter the dark compartment was measured for the three trials and the
three test sessions; used as an index of memory retention.

Reactive Oxygen Species Formation

The fishes in all the groups, after 48 hrs or after the test 3 of
the study were subjected to cryoanaesthesia, according to the NIH
guidelines. The fishes were first immobilised, by keeping them in
ice water [5:1 (ice: water)] for at least 10 minutes or until cessation
of opercular movement. The fishes were left for 20 minutes in ice
cold water until cessation of all movements. After the fishes were
euthanized, brains were isolated. The brains were homogenized with
equal volume of ice-cold 0.1 M phosphate buffer saline (pH 7.4). The
homogenate was then centrifuged at 4°C (10,000 rpm; R-248Mof
CPR-24 plus Instrument, Remi, India) for 15 min, and aliquots of
homogenate were used for estimation of free radicals. The total
concentration of free radicals, especially reactive oxygen species,
was detected using 2} 7’-dichlorofluorescin diacetate (DCFDA) with
slight modification of Pereira AG et al. protocol [31]. The 30 ul brain
homogenate was treated with 100 pl of 100 uM DCFDA in 96 well
plate. The plate was incubated at 37°C for 30 min in the dark. The
whole protocol was performed in dark. The formation of the oxidized
fluorescent derivative dichlorofluorescein (DCF) was monitored at 488
nm excitation and 525 nm emission using a fluorescence microplate
spectrophotometer (Epoch, Biotech, USA).

Histopathological Analysis

After the completion of the inhibitory avoidance task, fishes were
subjected to cryoanaesthesia. The brain was then isolated and stored in
4% paraformaldehyde solution until histopathological analysis using
hematoxylin-eosin (H and E) staining for evaluation of neuronal
damage by examining the glial cell proliferation. The stained sections
were evaluated by a histopathologist unaware of the treatments.

Statistical Analysis

Inhibitory avoidance memory data are presented as mean + S.E.M.
Statistical analyses were performed using GraphPad Prism 5 software
for Windows (GraphPad Software, San Diego, CA, USA). Latencies of
individual group and between multiple groups were compared using
one way ANOVA followed by Newman-Keuls test (post-hoc analysis).
The level of significance was set as ###P<0.001 when compared with
control group, ***P<0.001 when compared with scopolamine treatment
group. The inter day latencies between multiple groups were compared
using Two-way ANOVA followed by Bonferroni test as a post-ANOVA
test. The level of significance was set as # P<0.05 when compared with
control group, *P<0.05 when compared with scopolamine treatment
group. The generation of free radical was analysed using one-way
ANOVA followed by Post hoc Dunnett’s test. The level of significance
was set as ### P<0.001 when compared with control group and
***P<0.001 when compared with scopolamine treatment group.

Results

Effect of SCP on Zebrafish in Passive Avoidance Paradigm

The effectiveness of scopolamine in altering the memory was
evaluated in the inhibitory avoidance task, by training the fishes in 3
consecutive trials followed by a test session. As evident in Figure 2b,
the test latency for SCP decreased significantly compared to the third
trial in the SCP group (P<0.001), whereas the test latency significantly

| Control Group J | Negative Group | I Vehicle Group | | Test Drug Group |

: 3Min ; : 3Min |
[t ]
== -
2o L
Test (Day 1) | SCP ip.
e b
Test (Day2) | —
= i Test (Day 1)
24t =
- 24 hr ! i

¥

24hr i ‘ 24hr i

| Test (Day 2)| | TestDay?) |
o4t | L 24nr |
Test (Day 3) Test (Day 3)

Figure 1: Flowchart for passive avoidance test followed for all the groups.
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Figure 2: Individual training session of fishes in control (a), negative control (b), vehicle control (c), AL (d), AM (e) and AH (f) group on day 1. Data expressed as mean +SEM. *P<0.05,
**P<0.01, and ***P<0.001 when compared to the test using One-way ANOVA followed by Post hoc Student -Newman Keuls Test (n~12).

increased in the control group compared to the first trial (P<0.05), Passive Avoidance Test in Zebra Fish

evident in Figure 2a. The test latency for the vehicle control group also Apocynin
decreased when compared to the third trial, though the decrease was
not significant (Figure 2c). 2
Effect of Apocynin on Zebrafish in Passive Avoidance é 150-
Paradigm g
R =] *%k%k
Apocynin at all three doses was able to reverse the SCP induced :) 100 T
memory deficits. The test latency for apocynin at 10 mg/kg was =
significantly higher than trial 1 with P<0.001 and trial 2, with P<0.01 § 50+
(Figure 2d). The test latency for apocynin at 30 mg/kg was significantly © i
higher than trial 1 and trial 2, with P<0.001 for both (Figure 2e). 0- %
However, for 70 mg/kg the test latency was significantly higher than o P
the first trial, with P<0.001 (Figure 2f). IS, Q@Q' é@}.
The inter group test latencies were also compared and are E \\“& o»
depicted in Figure 3. SCP significantly reduced the escape latency %o‘l YSO Yso
when compared to the control group latency with P<0.001. Apocynin ég\

significantly increased the test latencies at all three doses when
compared with the SCP group, with P<0.001 at all doses. The escape
latency in the vehicle control group was reduced when compared to

Figure 3: Comparison of day 1 test latencies between all the groups with respect to
apocynin. Data expressed as mean +SEM. ###P<0.001, when compared with Control
group, ***P<0.001 when compared with Negative Control group using one-way ANOVA

the latency for control group, but the decrease was not significant. followed by Post hoc Student -Newman Keuls Test (n~12).

Long-Term Memory Retention showed lower escape latencies for all three days, with P<0.05 for day
one when compared to the control group. The vehicle control group
also showed lower escape latency for all three days, but the results were
not significant. Apocynin at all three doses showed improved escape

Our intent was to explore the effect of single dose administration of
both scopolamine and the test entity apocynin on long term memory
retention of the learned response in passive avoidance paradigm. The
latencies compared to the SCP group for day one and day two. Apocynin
at 30 mg/kg showed significantly higher escape latency with P<0.05 on
day 1. On day three the dose of 10 mg/kg showed betterment in the

results are depicted in Figure 4. On day one the fishes in control group
showed the highest escape latency, the observation being persistent
for next two days (day 2 and 3) as well. The negative control group

J Pharmacol Pharm Res, Volume 4(1): 4-8, 2021
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Figure 4: Inter day comparison between all groups with respect to apocynin. Data
expressed as mean +SEM. #P<0.05 when compared with Control group and *P<0.05
when compared to the Negative Control group. Data analyzed by using Two-way ANOVA
followed by Bonferroni test as a post-ANOVA test.

DCF-DA Assay
Apocynin
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kK

2000+

Relative Fluoresence Intensity (RFU)

Figure 5: Effect on levels of ROS (directly proportional to RFU) in different experimental
groups. Data expressed as mean + SEM ###P<0.001 compared with Control group and
***P<0.001 compared with Negative Control group using one-way ANOVA followed by
Post hoc Dunnett’s test (n=2).

Control

Model

latency amongst the three doses, although not significant.

Free Radical Generation (DCF-DA Assay)

The effect of SCP administration on the generation of free radicals
was assessed using the DCF-DA assay and depicted in Figure 5.
SCP administration significantly increased the relative fluorescence
intensity with P<0.001 when compared with the fluorescence
intensities in control group. A similar increase is seen in vehicle
control group, though not significant. Apocynin at all three doses
alleviated the fluorescence intensity significantly with P<0.001 for all
doses when compared with the SCP group.

Histopathological Analysis (H and E Staining)

The effect of SCP treatment on the inflammatory response was
studied and the histopathological changes observed in the zebrafish
brain have been presented in Figures 6 and 7. The control group did
not showcase any glial cell proliferation with the score being zero. The
negative control and vehicle control group exhibited significant glial
cell proliferation with a score of +++, being the severe damage depicted
in Figure 6 (Control, NC, VC) and scored in Table 1. Apocynin at dose
of 10 mg/kg, and 30 mg/kg (Figure 7 AL, AM) showed zero or nil glial
cell proliferation. Apocynin at 70 mg/kg (Figure 7 AH) showcased the
score of ++ denoted as moderate change.

Discussion

Table 1: Histopathological scoring for zebra fish brain images :

Group Scoring
Control Nil
Negative Control (NC) St
Vehicle Control (VC) T+
Apocynin 10mg/kg (AL) 0
Apocynin 30mg/kg (AM) 0
Apocynin 70mg/kg (AH) ++

Note: - += Mild Change; ++= Moderate change/Damage; +++= Severe change /Damage

Figure 6: Histopathological analysis using H and E staining of zebrafish brains for control, negative control SCP 0.025 mg/kg (NC) and vehicle control (VC) group. The lower row indicates
magnified images of the images in the above row, at magnification of 100X. The black circles indicate the glial cell proliferation.

] Pharmacol Pharm Res, Volume 4(1): 5-8, 2021
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Figure 7: Histopathological Analysis using H and E staining of zebrafish brains for Apocynin Low dose 10 mg/kg (AL), Apocynin Medium dose 30 mg/kg (AM) and Apocynin High dose 70
mg/kg (AH) group. The lower row indicates magnified images of the images in the above row, at magnification of 100X. The black circles indicate the glial cell proliferation.

Scopolamine, a non-selective muscarinic receptor antagonist
induces learning deficits in zebrafish is a well-established fact [30]. It
is a centrally acting anti-cholinergic involved in learning and memory
impairment; particularly short-term memory formation [32,33].
Therefore; the memory deficits due to scopolamine are regarded
as cholinergic deficit or ‘cholinergic amnesia’ [34]. Also, zebra fish
has been widely explored as an animal model in AD. In our study,
we examined the above facts for screening apocynin in a passive
avoidance paradigm. Our results demonstrate that scopolamine
hampers the learning process as the latency to cross the partition of
the sliding door reduced significantly in the negative control group as
seen in the individual training result as compared to the control group.
Our data is in accordance with the available literature on rodents and
supports scopolamine’s effect in evaluating memory enhancing drugs
in zebrafish model. The SCP administration has induced memory
deficits as evident with the decreased escape latencies. Apocynin
was capable of ameliorating the effects of SCP, showcased by the
comparison of test latencies for day one. The effect for apocynin
however was not dose dependent as at 70 mg/kg, decrease in the
escape latency is observed. This may attributed to the ceiling effect at
30 mg/kg. A decrease in the test latency for the vehicle control group is
also observed. In the vehicle control group, the vehicle (tween 80) was
administered after SCP administration, thus the decreased test latency
demonstrates the effect of SCP that is responsible for the decrease
in latency. Tween 80 itself does not impart any pharmacological
effect in reversing the memory deficits. It merely acts a vehicle for
administering apocynin. The effect of SCP administration persisted
for 48 hrs indicating the deficit in memory retention due to single
dose of SCP as seen in the negative control group. Since we wanted
to explore the effect of single dose administration of scopolamine
and apocynin on long term memory retention, we did not administer
the drug on daily basis or for 2 consecutive days. Also the training
sessions of three trials was not repeated on day 2 or day 3, only the test.
Apocynin mitigated the effect of SCP and was capable of maintaining

] Pharmacol Pharm Res, Volume 4(1): 6-8, 2021

the effect for 24 hrs (day 2) and 48 hrs (day 3) for 10 mg/kg. SCP
causes memory impairments by affecting cholinergic transmission;
apocynin reversed the memory deficit implying that it works on the
cholinergic neurotransmission pathway [34,35]. Therefore; apocynin
has a potential as an anti-Alzheimer drug and can be explored further
in a rodent model of AD. There is ocean of evidence entailing that
oxidative damage induced due to free radical may play a role in AD
pathogenesis. SCP administration generates free radicals and damages
the anti-oxidant defence mechanism by damaging the anti-oxidant
enzymes [36]. This fact is well established in rodent models [37] as
well as in zebrafish [38]. Our study demonstrates that even single dose
of scopolamine significantly induces the generation of free radicals.
Apocynin being an anti-oxidant reduces the free radical generation
[39]. This reduction however was not dose dependent, the 70 mg/kg
dose showed a slight increase in the fluorescence intensity compare
to the 30 mg/kg dose. This may be due to the ceiling effect at the 30
mg/kg dose. The reduction in free radical formation has undeniably
ameliorated the associated damage to the neuronal environment. Thus
apocynin could help in halting the disease progression by alleviating
the free radical production.

Glial cells are one of the most abundant cells of the brain,
performing various biological functions and play a major role in
inflammation. In acute phase after injury inflammation is tightly
controlled and is a normal and a necessary process maintaining
the homeostasis. However, in chronic phase it is detrimental, as
seen in AD. It may not be the initiating factor but it significantly
contributes to disease progression. Neuroinflammation induces a
complex and dynamic change in glial cell phenotypes. Microglial
cells are the first cell types to respond post injury they retract their
processes and migrate towards the site of injury, where they release
pro-inflammatory cytokines such as interleukin-1f (IL-1p), tumor
necrosis factor- o (TNF-a), and IL-6 [40]. The histopathological data
attests the role of SCP in setting up an inflammatory response capable
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of damaging the neuronal environment. Administration of single dose
of SCP demonstrates the highest score for glial cell proliferation and
hence the severe neuronal damage. The damage was totally reversed
by apocynin 10 mg/kg and 30 mg/kg as evident with nil glial cell
proliferation. The other dose of apocynin 70 mg/kg was effective
compared to the negative control group, but could not completely
reverse the damage. Apocynin thus bestowed neuroprotection by
mitigating the neuronal damage, ultimately maintaining the neuronal
homeostasis against the mulct of scopolamine administration. Our
study reveals and advocates that passive avoidance test in zebrafish
can be used as an acute preliminary in-vivo model to screen
potential anti-Alzheimer entities. Our findings emphasize that the
phytoactive apocynin reversed the memory deficits and retained
the memory hampered by scopolamine administration. Apocynin
thus is a nootropic with the probable mechanism being through
the action on cholinergic transmission pathway. Apocynin being an
anti-oxidant reduced the free radical generation, thus engaging one
of the crucial pathways toward AD pathophysiology. Additionally it
conferred neuroprotection by reducing the glial cell proliferation. In
summary apocynin exhibited multifaceted pharmacological activities
like nootropic, anti-oxidant, and neuroprotective in preventing the
devastatingly progressive nature of Alzheimer disease. The study also
urges for exploring the potential of apocynin in further in-vivo animal
models to warranty its use in clinical trials.
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