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PRECLINICAL RESEARCH TOOL INNOVATION IN RESOURCE-SCARCE
SETTING — A CASE STUDY OF A MOUSE ANXIETY MULTI-TEST
APPARARUS

ABSTRACT

One of the factors responsible for the high prevalence and attendant socio-economic burden
of anxiety disorders is the paucity and slow pace of discovery of new anxiolytic drugs to
complement or replace the existing ones due to high attrition rates and poor translation of
preclinical anxiolytic drug discovery efforts to clinical usage. This scenario is viewed to arise
from certain factors including the inherent anxiety sensitivity idiosyncrasies of most used
individual classical anxiety tests/models when used as single assays. This thrust of this study
is to invent a mouse multi-test that will be devoid of this limitation. Previous attempts to
overcome this limitation by testing and retesting experimental mice on multiple individual
paradigms on different times were soon encumbered by one-trial tolerance phenomenon on
subsequent trials. Although a multi-test apparatus invented by Ramos comprising a light-
dark, plus-, and open-field mazes is largely devoid of the limitations observed with single
anxiety apparatuses, the central area of the elevated plus maze in the middle of the triple
test still retains some ambiguity and errors in the behavioural thus generated. A novel
mouse anxiety multi-test device comprising light-dark maze, zero-maze, and marble-burying
mazes, dubbed U. of A. Mouse Anxiety Multi-test, that would be devoid of the limitations of
the existing mouse single and multi- anxiety tests on one hand, and would potentially exhibit
greater and richer sensitivity to anxiety-related behaviours in the mouse, was
conceptualised. The fabrication of this composite anxiety test tool was made from locally
sourced materials using simple tools requiring minimal space. The new mouse anxiety triple
so generated is cost-effective — costing about 4 percent of the worth of its foreign
counterparts. It is environmentally safe, portable, and operationally simple. Initial
behavioural assessment of the tool indicate it can generate state anxiety in mice. This
innovation is a potential asset to preclinical research in anxiolytic drug discovery. However,
there is the need for its further pharmacological evaluation and automation.
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I INTRODUCTION

The prevalence of anxiety disorders — with their attendant socio-economic burden —
is not only high but on the increase, globally. In contrast, the pace of discovery of new anti-
anxiety agents to replace and/or complement the existing ones in mitigating the high
prevalence and the negative health impact of these disorders has been slow due to, among
other factors, high attrition rate and poor translation of preclinical anxiolytic drug discovery
findings to clinical use [1, 2]. This scenario has restricted anti-anxiety treatment choices to a
few chemical classes — majorly the gamma amino butyric acid (GABA) — and serotonin-linked
anxiolytics — thus, widening the therapeutic gap in the management of these disorders [2].



This calls for renewed efforts in the search for new agents that could augment or improve on
the efficacy and toxicity liabilities of the existing anxiolytic drugs [2].

The weak translational proficiency of preclinical anxiolytic drug discovery research in
generating clinically relevant drugs is viewed to derive from a plethora of factors including
over-reliance on disease classifications based mainly on clinical symptomology as opposed
to those based on combined observable behaviours and underlying neurobiological
mechanisms, wrong experimental subject selection, absent or weak preclinical-clinical
bidirectional research communications, poor experimental design and methodology, and
inherent anxiety-behaviour detecting limitations of individual animal anxiety tests/models
when used as single tools in behavioural trials [2, 3, 4, 5]. The thrust of this study is to
address the last factor by crafting a triple mouse anxiety test comprising the light dark,
elevated zero, and marble-burying mazes — three of the so-called classical animal anxiety
tests - with a view to minimizing/overcoming the highlighted and other limitations of the
stand-alone tests.

Previously, various workers have attempted overcoming the fallouts from the
idiosyncratic anxiety sensitivity failings of individual single tests/assays by recommending
use of test batteries which is encumbered by the need to re-test essentially on different
days, the risk of incurring temporal biases, and the development of the one-trial tolerance
(OTT) [6, 7, 8, 9, 10]. To minimize the number of experimental mice needed for trials and the
temporal bias that may arise from re-tests of experimental animals on different days
Umarudeen et al. (2020) had proposed a quasi-simultaneous serial testing protocol whereby
the animals were manually transferred from the first to the last test apparatus after a 5-
minute interaction of each mouse with each of the apparatuses. Although the objective of
minimizing experimental mice needed may have been achieved, this protocol is challenged
on the negative impact repeated inter-test animal handling may have on the reproducibility
of the data so generated [11]. To overcome the inherent shortcomings in individual single
and battery anxiety tests Ramos. (2008) [12] physically combined elevated light dark (LDM),
plus- (EPM), and open-field (OFM) mazes. Again, although this experimental protocol has
been reported to afford the use of minimal number of experimental subjects and to avoid
the development of OTT following repeated animal testing, the neutral central square of the
EPM in the middle of the set-up still poses a challenge to data harvesting and apportioning
[12, 13, 14, 15].

The proposed mouse anxiety triple test is designed to have light dark (LDM), zero-
(EZM), and marble-burying (MBM) mazes physically joined together with connections
between them in that order. The inclusion of EZM instead of EPM and MBM instead of OFM
in the novel experimental set-up is expected to potentially showcase certain positive
features in addition to the advantages already highlighted for the triple test by Ramos.
(2008). Firstly, the substitution of EPM by EZM in the new proposal is expected to effectively
eliminate the EPM central square-linked ambiguity in data generation and analysis [13].
Secondly, studies have shown the EZM to be resistant to the development of OTT — a major
downside of EPM — on repeated trials [14, 15, 16]. Thirdly, the substitution of open-field test
(OFT) by marble-burying (MBT) is expected to potentially increase the versatility of the novel
mouse anxiety triple test on the ground that the MBT does not only exhibit predictive
sensitivity to both benzodiazepine and serotonergic drugs - the two main classes of



anxiolytics but also to anxiety and obsessive compulsive behaviours in experimental animals
[17, 18, 19].

The overall goal of this study is to generate units of mouse anxiety multi-test tool that will
engender detection of broad repertoires of experimental anxiety-related behaviours that are
likely to enhance the validity, and hence, the translationality of preclinical anxiolytic drug
research.

A huge attraction to the triple test tool being proposed is the economic advantage gained
from the local fabrication of the component test tools. All fabrications were made from
locally available materials thus, saving the scarce foreign exchange that would have been
required to import similar test apparatuses from international markets.

l. MATERIALS AND METHODS

A. Materials

The following items were purchased from various markets in Gwagwalada, Gwagwalada
Area Council, Abuja, Federal Capital Territory, Nigeria. Four and 2 full (4x2 m) sheets of 3-
mm and 2-mm thick China-made plastic glass at N45, 000: 00k and N37, 500: 00k each,
respectively (N255, 000: 00K, 340 USD). 2 full sheets of quarter-inch polished plywood at
N42, 000: 00K (N84, 000: 00K, 112 USD). A bundle of polyvinyl cellulose ceiling sheets (N18,
000: 00K, 24 USD). One full sheet each of 3-mm and 4-mm plywood at N10, 000: 00K and
N12, 500: 00K, respectively (N22, 500: 00K, 30 USD). Two glass cutters at N1500: 00K each
(N3, 000: 00K, 4 USD). Ten pieces of 3/4 x 3-inch polished planks at N500 each (N5, 000: 00K,
7 USD). A jar of multipurpose adhesive gum (N18, 000: 00K, 24 USD). 10 packets of adhesive
4-minute adhesives at N450 each (N4, 500: 00K, 6 USD). 20 lengths of %-inch pipes at
N1700: 00K (N34, 000: 00K), 8 lengths of 1x3 mm flat bar at N2, 800: 00K each (N22, 400:
00K, 30 USD), 10 lengths of 1X3 Angle iron at N2000:00K (N20, 000: 00K, 27 USD), 4 lengths
of 4x4 mm rod at N1500 (N6, 000: 00K, 8 USD) and 6 lengths of %-inch rod at N1500: 00K
(N9000: 00K, 12 USD). 10 tins of black/white car paint at N4, 000: 00K (40, 000: 00K, 53
USD), 2 gallons of Anak paint at N9, 000: 00K (N18, 000: 00K, 24 USD), 4 masking tape at 750
each (N3, 000: 00K, 4 USD). Two soldering devices at N2, 500: 00K (N5,000: 00K, 7 USD), 1
measuring tape (N2500: 00K, 3.5 USD), nails of different sizes (N3, 500: 00K, 4.6 USD),
sandpaper (N1, 500: 00K, 2 USD) and 1 metal file (N1, 400: 00K, 2 USD). Welding labour cost
(N85, 000: 00K, 113 USD), material transportation and fabrication assistant costs for three
weeks (N75, 000: 00K, 100 USD).

B. Construction processes
Light-dark maze

The construction of the starting point (LDM) of the intended mouse anxiety triple test was
initiated by cutting 60 x 40 cm pieces out of the polished %-inch thick white surfaced
plywood (Figures |, I, & lll). Then the sheets of 3-mm plastic glass were next cut into 60 x 30,
40 x 30, and 40 by 28 cm pieces. Next, the lower edges of the plastic glass pieces were
roughed with sandpaper and, with the aid of multipurpose and 4-minute adhesive pastes
applied to the roughened surfaces, the plastic glass pieces were fastened along the lengths
and breadths of the 60 x 40 cm %-inch thick plywood floors in such a way that a 40 x 28 cm
glass piece was inserted at the 40 cm point of the 60 cm long floor to effectively partition
the LDM into the two parts intended to be 40 x 40 cm light and 20 x 40 cm dark portions



(see Figure 1). The fastened plastic glass pieces were allowed to dry and adhere under
applied pressure. The floor of each LDM was divided into sixteen 10 x 10 cm squares by
gridlines using a cutter. A removable wooden roof cap made from % x 3 cm polished wood
and 3-mm plywood was made to cover the dark portion of the maze. A6 x 5 cm aperture
was made at the centre of the middle and last partitions of each LDM to facilitate physical
connections with the next behavioural apparatus in the intended triple test. An elevated
metal platform measuring 41 x 61 cm and 70 cm high was constructed to house the finished
LDM. Finally, the light portion, including the floor were painted white while the dark portion
with its roof cap was painted black. (Figure l).

The Elevated zero-maze

The construction of this maze was initiated by cutting pieces of five (5) cm wide %
inch thick circular runways with a 160-cm outer and 120-cm inner circumference were made
from piled polyvinyl cellulose ceiling sheets (Fig. | & Il). Next, the 40 x 18 cm outer and 30 x
18 cm inner walls of the intended elevated zero-maze (EZM) were cut out of the 2-mm
plastic glass material. These were each carefully cast into the desired curvatures by semi-
melting them at an appropriate distance over a bursen burner flame. The lower edges of the
casts were roughened with sandpaper and were, with the aid of the adhesive gums, fasted
to the edges of the circular way in way that the walled and unwalled spaces were equal
(Figure 3). A 6 x 5 cm aperture was made at the centre of the lower portion of each outer
wall in such a way the first aperture will overlap with the aperture in the LDM and the
second aperture will overlap with the aperture of the third component (marble burying
maze, MBM) of the intended triple test apparatus. A 70 cm high elevated metal platform
was also created to carry the finished EZM. Finally, the walled portions were painted black
and the unwalled portions painted white.

The marble burying maze

This was made by fastening roughened lower edges of 40 x 30 cm 3-mm plastic glass
plates to the sides of 40 x 40 cm %-inch thick, white-surfaced polished plywood pieces by
the aid of adhesives gums (Fig. | & II). A 6 x 5 cm aperture was created at the centres of the
lower edges of one side of the marble burying device to overlap with the aperture in one of
the outer walls of the EZM. The floors of the MBMs were filled with wooden shavings on
which 8 pieces of broken marble were placed. An elevated metal platform measuring 41 x 41
cm was also made to house the MBM. The maze with it floor was painted white.
A one-cm thick 2-cm wide layer of polyurethane (mattress) foam was fastened to the edges
of the outer surfaces of the apertures to obliterate any gap around them between two
adjoining tools in the triple device as well as afford free-flowing inter-tool movements of
mice when the axes of the constituent mazes are perfectly aligned.
The designs of metal platforms supporting of the three apparatuses avoided permanent
welding of their different parts so that they can be collapsed to manage laboratory space
when not in use.



Il. RESULTS

Six sets of novel mouse anxiety triple apparatuses (Fig. |) - each comprising an elevated
light-dark, zero-, and marble burying maze - were generated at a total cost of N936, 400: 00K

(~1000 USD) or about N156, 000 (~ 200 USD) per set.
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Figure I: Sets of U. of A. Mouse Anxiety Triple Test Apparatus



Figure llI: A unit of light-dark maze



Fig. IV: Aerial view of the Triple test with mouse in the marble
burying maze




Figure V: Collapsed components of the Triple test apparatus.

Results

V. DISCUSSION

One of the ways of overcoming the lull in anxiolytic drug discovery over the past few
decades is modification/refinement of the existing behavioural anxiety apparatuses to
increase the functional versatility and animal ethics friendliness of their preclinical anxiety
assays/models. It is the vision of this study to devise a composite rodent anxiety test
paradigm that will not only exhibit robust sensitivity to anxiety-related indices but will also
be devoid of the liabilities of earlier multi-tests or their component test tools as much as
possible. The novel mouse anxiety triple tool being proposed is the first of its kind to
combine elevated light-dark (ELDM), elevated zero- (EZM), and elevated marble-burying
(EMBM) mazes - three of the most reliable classical anxiety tests in one simultaneous
experimental protocol. The mouse anxiety triple tool appears poised to enjoy the trappings
of an improvisation over similar existing animal anxiety test tools on one hand, and of a
purpose-driven appropriate technology on the other. The multi-test seems equipped to
meet the reduction and refinement components of the now widely accepted 3Rs principles
put forward by Bill Russell and Rex Burch over six-decades ago to emphasise the
imperativeness of balancing animal ethics with maximizing research data output using the



minimal number of animals practically feasible (20, 21). The design of this novel multi-test,
just like the triple rodent anxiety protocol by Ramos (2008), affords a quasi-simultaneous
exposure of test animals to the three components this composite tool thus causing a drastic
reduction by two-thirds in the number of experimental animals that would have been
needed for equal number of trials were they to be carried out on the three constituent tools
individually.

Refinement in the context of this study implies upscaling the efficiency and limiting
factors that could potentially have negative impact on the data generated by the novel
multi-test. In this sense, both the replacement of the plus-maze in the middle of the design
of Ramos (2008) by a zero-maze which clearly eliminates the plus maze’s neutral central
square along with its ambiguity on behavioural data and that of the open-field’s boring
environment by a shavings and marbles enriched environment of the MBM should be seen
a refinement to existing similar paradigm that will not only broaden the scope of its anxiety
sensitivity capacity but will also likely enhance and broaden reproducibility, validity and
translational value of its behaioural data output as previously reported [13 - 19]. Initial
ethological evaluations on this novel mouse anxiety tool indicate it can generate anxiety-
related behaviours in mice with appropriate time distribution among its open (aversive) and
closed (safe) portions. The triple apparatus also exhibits the potential for through put as
most mice traversed and explored all the component tools within 22-minute periods of the
trials.

High premium is often placed on an appropriate technological device that is cost-
effective relative to its local environment (22, 23). Compared to the cost of a set of its
foreign counterparts (mouse elevated zero-maze - Stoelting 60190 - $3,020; mouse open-
field maze - Stoelting 60100 - $1, 286; and assuming mouse marble-burying maze - S1,
280) at about $5,500 or N4, 125, 000:00k, that of a set of the mouse anxiety triple of this
report will cost less than - $200 (less than 4%). The 6 sets of the triple test apparatus that
were locally produced from local resource at less than $1,000 would have required about
$33,000 or N24, 750, 000:00k to have similar foreign counterparts imported. This is beside
the costs of shipping and of assembling them into composite anxiety apparatus since this
novelty, within the limits of our literature search, has not been in existence and an order
must be placed for it to be supplied at a much later date.

Another positive feature of this new triple test is the fact that there was need for
sophisticated machinery in its fabrications - simple tools such as saws, cutters, hammers,
paint sprayers, metal files and a medium-size room space were all that were needed. Again,
the apparatus and the entire experimental protocol are simple to operate and can be easily
set-up. The trials can be carried out by personnel with minimal training; once the
experimental animal is gently placed in the first component of the multi-test, the rest of the
trial can be completed with no human interference. The mouse anxiety triple assay -
including its metal stands - can be set up and dissembled after use within ten minutes; can
be easily transferred or be kept at a corner of the laboratory to conserve space.

Other strengths include the fact that the fabrication is a sustainable venture since all the
resources are locally available and comparatively affordable; it poses no health or
environmental risks as most parts are made of materials that are inert and non-toxic. These



properties are desirable for appropriate technology inventions to achieve sustainability (24,
25).

Despite the above highlighted desirable properties of this novel multi-test, the lack of
automatic recording of distances travelled by mice is a present drawback to the device and
the multi-test. Efforts to overcome this challenge is ongoing since automatic audio-visual
recording and transmission of behavioural activities is already in place.

CONCLUSION

The novel U. of A. mouse anxiety multi-test is a cost-effective, safe, and environmentally safe
innovation that has the potential to enhance preclinical research in anxiolytic drug discovery.
However, there is the need for its automation and further pharmacological evaluation.
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Figure VI :Side view of the mouse anxiety triple apparatus



