Effects of folic acid supplementation on anxiety- and depression-like behaviours, and
locomotion in captive male African Giant rats (Cricetomys gambianus, Waterhouse — 1840)
subjected to chronic physical immobilisation

Abstract

The aim of the study was to evaluate the impact of physical immobilisation and folic acid (FA)
supplementation on neurobehaviour in African Giant rats, AGRs (Cricetomys gambianus,
Waterhouse-1840). Twenty wild adult male captive AGRs were randomly divided into four
groups of five rats each. Group 1 AGRs were neither immobilised nor administered FA. Groups
2 and 3 AGRs were subjected to physical immobilisation, which lasted six hours per day for 21
days. Group 3 AGRs, in addition, received FA-supplemented feed, at the concentration of 3.5
mg/kg feed for 10 consecutive days immediately following the immobilisation protocol. Group 4
AGRs were not immobilised, but received FA-supplemented feed as in group 3 AGRs. All AGRs
were evaluated for anxiety- and depression-like behaviours, and locomotor activity using
Elevated Plus Maze and Open Field Test, respectively. The. results showed that both the
percentage open arm entry and number of squares crossed were significantly (P < 0.05) reduced
in the immobilised AGRs (groups 2 and 3), but the reduction was less (P < 0.05) in those that
received FA post immobilisation (group 3). The percentage open arm exploration was
significantly (P < 0.05) lower, while the rearing activity was significantly (P < 0.05) higher in the
immobilised AGRs that received.no FA supplementation (group 2). In conclusion, the AGRs that
were subjected to chronic physical immobilisation displayed anxiety- and depression-like
behaviours, and performed poorly in the tasks for locomotor functions. Post-immobilisation FA
supplementation ameliorated the effects.
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Introduction

Immobilisation is the forced restriction of movement of all or part of an animal’s body, either by
physical or chemical means. Physical immobilisation methods usually involve traps to restrain
the whole animal, or part of the animal or just the use of direct handling restraint (Verbitsky et
al., 2020). Immobilisation of an undomesticated or anxious animal may cause considerable stress
(Son et al., 2019). When animals are immobilised they may undergo some or all of a series of
acute stressors, including pursuit, restraint, pain, fear and anxiety, all of which are capable of
inducing harmful responses (Son et al., 2019; Espoir et al.,2020; Verbitsky et al., 2020). Chronic
physical immobilisation (CP1) may be associated with impairments in working memory, spatial
learning, neurogenesis, enhanced anxiety-like behaviour, depression and reduced long-term
potentiation (Henn and Vollymayr, 2005; Cordner and Tamashiro, 2016; Han et al., 2016;
Bhagya et al., 2017).



Folate is the naturally occurring form of vitamin By, the active form being known as levomefolic
acid or 5-methyltetrahydrofolate (Patanwala et al., 2014). Folic acid (FA) is a synthetic form of
vitamin By, also known as pteroylmonoglutamic acid. Unlike most folate, the majority of FA is
not converted to the active form of vitamin By in the digestive system. Instead, it is converted in
the liver or other tissues (Wright et al., 2007). Studies have shown that there is a correlation
between mental symptoms, especially depression and cognitive decline, and high incidence of
folate deficiency (Lalonde et al., 1993). Supplementation with FA in brain dysfunction may
improve memory (Singh et al., 2010).

Most frequently, behavioural changes in animal models are learning and memory loss; anxiety,
depression, and motor dysfunction (Pal et al., 2006; Bhagya et al., 2017). A large variety of
rodent behavioural tests are used to evaluate traits such as sensory and motor functions, social
interactions, anxiety-like and depression-like behaviour, substance dependence and various
forms of cognitive functions (Bhagya et al., 2017). Historically, a large variety of species have
been used for behavioural testing (Samoilov, 2007), but rodents have always been widely used
because they are mammals and easy to house and breed. In contrast to common pets, such as cats
and dogs, there may also be a higher acceptance in the general public for the use of rodents in
medical research. Most behavioural tests used to evaluate sensorimotor functions, learning and
memory aim to measure an animal’s ability to solve a task (Pal et al., 2006; Samoilov, 2007).

The AGR (Cricetomys gambianus, Waterhouse-1840) is among the largest muroid rodent species
in the world, used largely for meat in Africa (Ajayi, 1977). It is a popular and highly priced
exotic pet in Europe (Cooper, 2008), used for odour detection of landmines and tuberculosis
(Verhagen et al., 2003; Mahoney et al., 2014). There has been effort to domesticate the AGR
(Ajayi, 1975; Cooper, 2014), but its source remains predominantly from the wild (Dzenda et al.,
2011a, 2011b, 2013, 2015a; 2015b). Thus, trap and capture methods are employed before they
are kept in cages. These methods may exert tremendous stress on the hitherto free-ranging
AGRs, leading to._some mortality in captivity. It was, therefore, worthwhile to investigate the
effects of CPI on some neurobehavioural parameters in the AGR.

Materials-and Methods

Location of Experimental Study

The study was carried out in the Department of Veterinary Physiology, Ahmadu Bello
University, Samaru-Zaria (11°10'N, 07°38'E), located in the Northern Guinea Savannah zone of
Nigeria during the hot-dry season, between March and April, 2019.

Experimental Animals / Management

African Giant rats were trapped and captured from the wild during the preceding rainy (May —
October) and cold-dry (November — February) seasons. Management was carried out as
described by Dzenda et al. (2011a). Briefly, metal live box traps were baited with fruits, peanuts,
maize and ground beans baked cake. The traps were set around suspected AGR burrows and



pathways before dusk and checked at dawn. After capture, adult males (bucks) were separated
and kept individually in steel cages (Cooper 2008, 2014), while females (does) and juveniles
were released back into the wild. The bucks were housed in a well-ventilated animal room and
pre-conditioned for at least two weeks before the commencement of the experiments. They were
given access to dry pellet feed and fresh bottled water ad libitum. The trap, capture, handling and
management methods were performed in conformity with the guidelines of the American Society
of Mammalogists (Gannon and Sikes, 2007).

Ethical Approval
Ethical approval for the experiment was obtained from the Ethical Committee on Animal Use
and Care of Ahmadu Bello University, Zaria, Nigeria (Number: ABUCAUC/2020/60).

Experimental Groups and Design
Twenty AGR bucks were divided into four groups of five AGRs each.

Group 1

The AGRs in this group were not subjected to CPI and remained in their individual spacious
cages. They were fed normal feed without FA supplementation.

Group 2

The AGRs were subjected to CPI in a large metal cage, with partitions measuring 8 cm x 5 cm X
5 cm, for 6 hours per day (between 9:00 —45:00 h, GMT.+1) for 21 days, between 7" and 27" of
March, 2019. The sizes of the cage partitions.were just large enough to allow an AGR to enter
without any extra space to turn. They were fed normal feed without FA supplementation, just
like that for group 1 AGRs.

Group 3

The AGRs were subjected to CPI just as described for group 2 AGRs above. In addition, they
were fed with FA (Cika — folic,-Enugu, Nigeria) supplemented feed at the concentration of 3.5
mg/kg of feed (Li et .al.,.2018) for the 10 days that immediately followed the 21 days of
immobilisation, between 28" March to 7" April, 2019.

Group 4

The AGRs. were not subjected to CPI, just like group 1 AGRs, but they were fed FA-
supplemented feed for 10 days as described for group 3 AGRs above.

Neurobehavioural and Cognitive Studies
These were carried out a day after the CPI and FA supplementation protocol described above.

Evaluation of anxiety- and depression-like behaviour

This was assessed using the Elevated Plus Maze, EPM (Pellow et al., 1985), measuring 50 cm X
25 cm x 100 cm, modified to accommodate the larger body size of the AGR. It consisted of two
open arms (Plate 1) made with plexiglass, in order to prevent the AGRs from escaping, and
crossed with two similar closed arms. The arms were connected so that the maze had a look of



plus sign. The entire maze was then elevated above the ground level and placed in a quiet and
dimly lit room. An AGR was then placed in the centre of the maze facing the closed arms. The
following parameters were measured: the number of open arm entries and time spent in the open
arms, and similar observations were made for the closed arms. The percentage of open arm
entries were calculated as open arm entries divided by the total number of entries in both open
and closed arms. The open-arm exploration, which is time spent in open arm divided by total
time spent in both arms, was also calculated.

Evaluation of locomotor activity.

This was carried out using the Open Field Test (OFT). This test was also used to measure anxiety
and depression-like behaviours in addition to the locomotor activity. The open. field apparatus
was modified for AGRs, but with the same conformation with the description of Zhu et al.
(2001) for laboratory rats. The locomotor activity was assessed by placing an AGR in the box
and allowing it to roam freely for 3 minutes to familiarise itself with the environment (Ambali
and Aliyu, 2012). The number of squares crossed (Plate 11) with all-the paws during the next 2
minutes was recorded. The rearing activity was also measured by recording the number of times
an animal stood on its hind-limb trying to peep out of the box in the next 2 minutes.

Plate I: African Giant Rat (Cricetomys gambianus) in the Open Arm of Elevated Plus Maze



Plate 11. Open Field Apparatus containing African Giant Rat (Cricetomys gambianus),
showing squares used for measuring locomotor activity

Results

Neurobehavioural Studies
Percentage open arm entry

Results of the percentage open arm entry by AGRs are shown in Figure 1. The results showed
that the mean percentage open arm entry by AGRs was significantly (P < 0.05) lower in AGRs of
both groups 2 (13.00 = 1.31 %) and 3 (24.62 + 2.37 %) that were subjected to chronic physical
immobilisation (CPI), compared-to that in groups 1 (40.93 = 2.05 %) and 4 (51.71 + 4.75 %),
which were not immaobilised. Secondly, of the groups subjected to CPI, the value of the
percentage entry recorded. for group 2 AGRs was significantly (P < 0.05) lower than that
obtained for.group 3 AGRs, which had received FA supplementation post immobilisation.
Thirdly, of the groups.of AGRs that were not subjected to CPI, the value of the percentage entry
recorded for.group L AGRs was non-significantly (P > 0.05) lower than that obtained for group 4
AGRs, which had received FA supplementation.

Percentage open arm exploration

Results of the percentage open arm exploration by the AGRs are presented in Figure 2. The
percentage open arm exploration was significantly (P < 0.05) lower in group 2 AGRs (2.23 +
2.07 %) that were immobilised with no FA supplementation, compared to the values recorded in
groups 1 (18.86 + 1.30 %), 3 (10.43 £ 4.73 %) and 4 (19.71 + 6.50 %). There was no significant
(P > 0.05) difference in the percentages obtained between groups 1, 3 and 4 AGRs, although the
value for group 3 was relatively lower.



Number of squares crossed

Results of the number of squares crossed within 2 minutes by AGRs in the open field apparatus
are presented in Figure 3. The number of squares crossed by the AGRs was significantly (P <
0.05) lower in AGRs of both groups 2 (20.00 £ 1.05) and 3 (26.00 £ 1.90), compared to the
numbers in groups 1 (33.20 = 1.97) and 4 (32.60 + 1.81), and the value in group 3 was
significantly (P < 0.05) higher than that in group 2.

Rearing

The numbers of rearing within 2 minutes by AGRs in the Open Field Apparatus are shown in
Figure 4. The rearing activity was significantly (P < 0.05) higher in group 2 AGRs (23.40 + 1.72)
than those in groups 1 (11.40 = 1.29), 3 (12.60 = 0.81) and 4 (13.40.% 1.21). The rearing of
AGRs was not significantly (P > 0.05) different between groups 1, 3 and 4.

Data Analysis

Data were analysed using one way Analysis of variance (ANOVA) implemented in R car
(version 3.0-2) package (Fox and Weisberg, 2011). Significant differences were separated using
Tukey test (o =0.05) for multiple comparisons through R least square means (version 2.30-0).

Discussion

The results show that FA supplementation alleviated the effects of chronic physical
immobilisation (CPI) on anxiety, depression and locomotion, for the first time, in male AGRs,
using the Elevated Plus Maze and Open Field apparatus. The percentages of open arm entry and
open arm exploration by AGRs in the EPM were recorded as indices of anxiety and depression,
while the numbers of squares crossed and rearing in 2 minutes were obtained as manifestations
of motor and sensory functions (locomotor activity).

The results showed that the percentages of open arm entry and open arm exploration, as well as
the number of squares crossed were markedly lower, while the number of rearing was
pronouncedly higher in the AGRs that underwent CPI with no FA supplementation after CPI
induction.. The results demonstrate that CPl-induced anxiety and depression, and affected motor
and sensory. functions in the AGRs. The findings agree with those of Bhagya et al. (2017),
Guedri et al. (2017) and Jiao et al. (2019), who reported that CPI induces neurobehavioural
alterations in the laboratory rat as a result of chronic stress-induced impaired hippocampal
synaptic plasticity, anxiety and memory deficits. In the present study, there was a significant (P <
0.05) decline in the time spent in the open arms and, consequently, a corresponding increase in
the time spent in the closed arms by the immobilised AGRs, compared to the control AGRs. The
results show a marked increase in anxiety and depression in the immobilised AGRs, which may
be due to decreased neurotransmission and neuronal activity (Guedri et al., 2017) caused by the
reduction of monoamine neurotransmitters such as 5-hydroxytryptamine and noradrenaline in the
central and peripheral nervous system (Jiao et al., 2019). The results also agree with the works of
Qin et al. (2011), Chiba et al. (2012), Bhagya et al. (2017), Guedri et al. (2017), Salehi et al.
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(2018), Zain et al. (2018) and Jiao et al. (2019), but disagree with that of Gregus et al. (2005),
who reported that repeated restraint stress has no significant effect on anxiety- or depression-like
behaviour in male rats. The disagreement could result from differences in the type of behavioural
task used as well as species variation. However, Hibicke et al. (2017) reported that chronic
restraint stress caused depression-, but not anxiety-like behaviour in adolescent female rats.

The results of the current study also show that post-CPI feed supplementation with FA
ameliorated the CPI-induced anxiety, depression and sensory-motor dysfunctions:in the AGRs,
evidenced by the significantly improved percentages of open arm entry and open arm
exploration, as well as the number of squares crossed. However, the number of rearing was
lowered to levels comparable to those of AGRs that were not subjected to CPI. The finding
suggests that feed supplementation with FA was beneficial in accelerating the recovery of AGRs
from the neurobehavioural effects of CPI. This may be because FA'is an essential vitamin for the
development of the central nervous system (Fouda, 2011), beneficial in central nervous system
functions and development at all ages (Reynolds, 2006). Sepehrmanesh et al. (2016) obtained
similar results while using FA supplementation as augmentation therapy in a major depressive
order treatment. The current findings, however, disagree with those of Lewis et al. (2012) in
pregnant women, de Koning et al. (2016) in older adults, and Okereke et al. (2018) in older
women, who showed that long-term supplementation with FA had no appreciable effect on
anxiety and depression in these groups. The difference in the findings may be due to the fact that
all the works were carried out on human subjects, who were not subjected to CPI. The later
assertion is, apparently, supported by the current observation that FA supplementation in AGRs
that were not previously subjected to CPI did not improve their neurobehavioural indices
compared to those of the control AGRs.

The results of the effects of CPI and FA supplementation on basic motor and sensory functions
(locomotor activity) evaluated using. the open field apparatus show that CPI profoundly affected
motor and sensory functions in. AGRs by decreasing the number of squares crossed, and
increasing the ‘number. of.rearing by the AGRs. This finding may be due to the effect of
immobilisation stress on neuronal activity in several forebrain systems, including limbic
structures and the prefrontal cortex (Dagnino-subiabre et al., 2005), compromising normal motor
function and accelerating neuronal degeneration (Smith et al., 2008) and loss (Puga et al., 2015).
The present findings agree with the works of Metz et al. (2005), Smith et al. (2008) and Puga et
al. (2015), that stress modulates motor function in different rat models.

The result showed that post-CPI feed supplementation with FA exerted positive effects on motor
and sensory functions in the AGRs since there was marked improvement in the number of
squares crossed and complete reversal in the number of rearing to control levels. The results
support the finding of Fouda (2011) that parenteral FA produces up to 10-fold dose-dependent
improvement in in vivo regeneration of motor nerves. The FA supplementation could have also
suppressed any post-immobilised elevation of plasma total homocysteine (Mahmood, 2014;



Kvestad et al., 2015), thus reducing/preventing neuronal vulnerability, and dysfunction
(Shooshtari et al., 2012) in the AGRs. It is also conceivable that the FA reversed CPI-induced
reduction by enhancing the propagation of action potentials, leading to improvement in motor
and sensory functions (Kennedy, 2016). The present findings agree with those of Fouda (2011),
Shooshtari et al. (2012), Kvestad et al. (2015), Wang et al. (2018a; 2018b) and Li et al. (2018)
that FA improves motor and sensory functions.This study's limitation is that it only includes
behavioral experiments; in order to determine the process of how folic acid directly affects nerve
transmission, it would be essential to look at biochemical data and other evidence of brain
regeneration.

Conclusion

Chronic physical immobilisation caused anxiety- and depression:=like, behaviour, and reduced
locomotor activity in male AGRs, while post-immobilisation feed supplementation with FA
enhanced recovery. More studies with combination of drugs with folic acid should be carried out
to justify the novelty of the research.

References

Ajayi, S.S. (1975). Observation on the biology, demestication and reproductive performance of
the African Giant rat (Cricetomys gambianus, Waterhouse) in Nigeria. Mammalia, 39:
343-364.

Ajayi, S.S. (1977). Live and carcass weights of Giant rat (Cricetomys gambianus, Waterhouse)
and domestic rabbit (Oryetolagus cuniculus L). African Journal of Ecology, 15: 223-227.

Ambali, S.F. and Aliyu, M:B: (2012). Short-term sensorimotor and cognitive changes
induced by acute. chlorpyrifos exposure: Ameliorative effects of vitamin-E.
Pharmacologia, 3(2): 31-38.

Bhagya, V.R., Srikunar, B:N.,~Veena, J. and Shankaranarayana Rao, B.S. (2017). Short term
exposure to enriched environment rescues chronic stress-induced impaired hippocampal
synaptic plasticity, anxiety, and memory deficits. Journal of Neuroscience Research,
95:1602-1610.

Chiba, S., Numakawa, T., Ninonmiya, M., Richard M.C., Wakabayashi, C. and Kunungi, H.
(2022). Chronic restraint stress causes anxiety— and depression-like behaviours, down
regulates glucocorticoid receptor expression, and attenuates glutamate release induced by
brain-derived neurotrophic factor in the prefrontal cortex. Progress in Neuro-
psychopharmacology and Biological Psychiatry, 39 (1): 112-1109.

Cooper, R.G. (2008). Care, husbandry and diseases of the African Giant rat (Cricetomys
gambianus). Journal of the South African Veterinary Medical Association, 79(2): 62-66.



Cooper, R.G. (2014). The African Giant/Pouched Rat (Cricetomys gambianus) — Its Physiology,
Ecology, Care and Taming. Lulu Press, 1% edition, 440 pp.

Cordner, Z.A. and Tamashiro, K.L. (2016). Effects of chronic variable stress on cognition and
Bacel expression among wild-type mice. Translation Psychiatry, 6.E854.

Dagnino-Subiabre, A., Terreros, G., Carmona-Fortaine, C., Zaoeda, R., Orellana, J.A., Diaz-
veliz, G., Mora, S. and Aboitiz, F. (2005). Chronic stress impairs acoustic conditioning
more than vitual conditioning in rats: morphological and behavioural evidence. Journal
of Neuroscience. 135: 1067-1074.

de Koning, E.J. Van dar Zwaluw, N.L., van Wijngaardene, J.P., Sohl, E., Brower — Brolsma,
E.M., Van Marwij, K, HW., Enneman, AW., Swart, K.M., Van Dijk., Sc., Ham,
A.C.,Van der Velde, N., Uitterlinden, A.G., Penninx, B.W., Elders, P.J., Lips, P.,
Dhonukshe-Rutten, R.A., Van Schoor, N.M. and de Groot.L.C. (2016). Rutten of two-
year vitamin B, and folic acid supplementation on depressive symptoms and quality of
life in older adults with elevated homocysteine concentrations: Additional results from
the B-Proof study. Nutrients, 8(11): 748. doi: 10.3390/nu8110748.

Dzenda, T., Ayo, J.O., Lakpini, C.A.M. and Adelaiye, A.B. (2011a). Diurnal, seasonal and sex
variations in rectal temperature of African Giant rats (Cricetomys gambianus,
Waterhouse). Journal of Thermal Biology, 36(5): 255-263.

Dzenda, T., Ayo, J.O., Lakpini, C.A.M. and Adelaiye, A.B. (2011b). Seasonal and sex variations
in live weights of captive African Giant rats (Cricetomys gambianus, Waterhouse) in the
Northern Guinea Savannah zone of Nigeria. International Journal of Zoological
Research, 7(1):49-58.

Dzenda, T., Ayo; J.0., Lakpini,rC.A.M. and Adelaiye, A.B. (2013). Seasonal, sex and live
weight variations in-feed and water consumptions of adult captive African Giant rats
(Cricetomys gambianus, Waterhouse — 1840) kept individually in cages. Journal of
Animal Physiology and Animal Nutrition, 97: 465-474.

Dzenda, T.,;Ayo; J.O., Lakpini C.A.M. and Adelaiye, A.B. (2015a). Diurnal, seasonal and sex
influences on respiratory rate of African Giant rats (Cricetomys gambianus, Waterhouse)
in a tropical Savannah. Wulfenia Journal, 22: 475-485.

Dzenda, T., Ayo, J.O., Sinkalu, V.O and Yaqub, L.S. (2015b). Diurnal, seasonal, and sex
patterns of heart rate in grip-restrained African Giant rats (Cricetomys gambianus,
Waterhouse). Physiological Reports, 3(10): el2581. doi: 10.14814/phy2.12581.

Espoir, A.M.R., Antoine, K.K., Clarisse, M.O.F., Didier, N.L., Linda, D.S.S. and Theophile, D.
(2020). Effects of the hydroalcoholic extract of passiflora edulis on anxiety induced by

9



sub-acute immobilisation stress. Journal of Advances in Medicine and Medical Research,
32(5): 159-169.

Fouda, A. A. (2011). Effect of folic acid administration on in vivo motor nerves regeneration.
Journal of American Science, 7(12): 11-19.

Fox, J., and Weisberg, S. (2011). An R Companion to Applied Regression, Second Edition,
ThousandOaks CA: Sage.

Gannon, W. and Sikes, R.S. (2007). The animal care and use committee of the American Society
of Mammalogists. Guidelines of the American Society of Mammologists for:the use of
wild mammals in research. Journal of Mammalogy, 88: 809-823.

Gregus, A., Wintink, AJ., Davis, A.C. and Kalynchuk, L.E. (2005). Effect of repeated
corticosterone injections and restraint stress on anxiety- and depression-like behaviour in
male rats. Behaviour Brain Research, 156 (1): 105-114.

Guedri, K., Fri H. H., Chettoum, A. and Rovabhi, R. (2017). Chronic restraint stress induced
neurobehavioural alterations and histological  changes in rat. Toxicology and
Environmental Health Sciences Journal, 9(2): 123-129.

Han, B., Yu, L., Geng, Y., Shen, L, Wang, H., Wang, Y., Wang, J. and Wang, M. (2016).
Chronic stress aggravates cognitive impairment and suppresses insulin associated
signaling pathway in APP/PS1. mice. Journal of Alzheimers Disease, 53: 1539-1552.

Henn, F.A. and Vollymayr, B. (2005). Stress models of depression: forming genetically
vulnerable strains. Neuroscience Behaviour Review, 29: 799-804.

Hibicke, M., Graham, M:A., and Hayslett, R.L. (2017). Adolescent chronic restraint stress
(ACRS) eliats: rebust depressive-like behaviour in freely cycling, adult female rats
without increasing ~ anxiety-like  behaviours.  Experimental and  Clinical
Psychopharmacology, 22(2): 74-83.

Jiao, H., Yan, Z., Ma, Q., Li, X., Jiang, Y., Liu, Y. and Chen, J. (2019). Influence of xiaoyaosan
on depressive-like behaviours in chronic stress-depressed rats through regulating
tryptophan metabolism in hippocampus. Neuropsychiatric Disease and Treatment, 15:
21-31.

Kennedy, D.O. (2016). B vitamins and the brain: Mechanisms, dose and efficacy — a review.
Nutrients, 8: 68. doi:10.3390/nu8020068.

Kvestad, I., Taneja, S., Kumar T., Hysing, M., Refsum, H. and Yajnik, C.S. (2015). Vitamin B,
and folic acid improve gross motor and problem solving skills in young north Indian

10



children: A randomised placebo-controlled trail. Plos One, 10 (6): e0129915.
https://doi.org/10.1371/journal.pone.0129915.

Lalonde, R., Joyal, C.C. and Botex, M.Il. (1993). Effects of folic acid and folinic acid on
cognitive and motor behaviours in 20-month-old rats. Pharmacology and Biochemistry
Behaviour, 44(3): 703-707.

Lewis, S.J., Araya, R., Leary, S., Smith, D.G. and Ness, A. (2012). Folic acid supplementation
during pregnancy may protect against depression 21 months after pregnancy, an effect
modified by MTHFRC677T genotype. European Journal of Clinical Nutrition, 66: 57-
104.

Mahmood, L. (2014). The metabolism process of folic acid and vitamin Biz deficiency. Journal
of Health Research and Reviews, 1(1): 5-9.

Mahoney, A., Edwards, T. L., La Londe, K., Beyene, N., Cox, C., Weetjens, B. J. and Poling, A.
(2014). Pouched rats’ (Cricetomys gambianus) detection of Salmonella in horse faeces.
Journal of Veterinary Behaviour, 9: 124-126.

Metz, G.A., Jadavji, N.M. and Smith, L.K (2005). Modulation of motor function by stress a
novel concept of the effect of stress and corticosterone on behaviour. European Journal
of Neuroscience, 22: 1190-1200.

Okereke, O.1., Cook, N.R., Albert, C.M: and van Denburgh, M. (2018). Effect of long-term
supplementation with folic acid and B-vitamins on risk of depression in older women.
The British Journal-of Psychiatry, 206(4): 324-331.

Pal, R., Gulati, K., Charaborti, A., Banergee, B. and Ray, A. (2006). Role of free radicals in
stress-induced neurobehavioural changes in rats. Indian Journal of Experimental Biology,
44: 816-820.

Patanwala, 1., King, M.J., Barrett, D.A., Rose, J., Jackson, R., Hudson, M., Philo, M.,
Dainty, J.R., Wright, A.J., Finglas, P.M. and Jones, D.E. (2014). Folic acid handling by
the -.human gut: implications for food fortification and supplementation. American
Journal of Clinical Nutrition. 100(2): 593-599.

Pellow, S., Chopin, S.E., File, S.E. and Briley, M. (1985). Validation of open : closed arm entries
in an elevated plus-maze as a measure of anxiety in the rat. Journal of Neuroscience
Methods, 14:149-167.

Puga, D.A., Tovar, C.A., Guan, Z., Gensel, J.C., Lyman M.S., Dana, M.l. and Popovich, P.G.
(2015). Stress exacerbates neurone loss and microglia proliferation in rat of excitotoxic
lower motor neurone injury. Brain Behaviour and Immunology, 49: 246-254.

11



Qin, M., Xia, Z., Huang, T. and Smith, C.B. (2011). Effects of chronic immobilisation stress on
anxiety-like behaviour basolateral amygdala morphology in Fmrl knockout mice.
Neuroscience, 194: 282-290.

Reynolds, E. (2006). Vitamin Bi,, folic acid, and the nervous system. Lancet Neurology, 5:
949-960.

Salehi, A., Rabiei, Z and Sertoki, M. (2018). Effect of gallic acid on chronic restraint stress in
induced anxiety and memory loss in male BALB/C mice. Iranian Journal of Basic
Medical Science, 21(12): 1232-1237.

Samoilov, V. O. (2007). Ivan Petrovich Pavlov (1849 - 1936). Journal wof Historical
Neuroscience, 16: 74-809.

Sepehrmanesh, Z., Omidi, A. and Gholampoor, N. (2016). Foelic:acid supplementation in major
depressive order treatment: A double blind randomised clinical trial. Iranian Red
Crescent Medical Journal, 19(2): e33243.

Shooshtari, M.K., Moazedi, A.A. and Parham, G.A. (2012). Memory and motor coordination
improvement by folic acid supplementation in healthy adult male rats. Iranian Journal of
Basic Medical science, 15 (6): 1173-1179.

Singh, R., Kanwan, S.S. and Sood, P.K. (2010). Genetical effects of folic acid on enhancement
of memory and antioxidant status in ‘aged rat brain. Cellular and Molecular
Neurobiology, 31 (1):88-91.

Smith, L.K., Jadavji, N.M., Colwell, K.L., Peterhudoff, S.K. and Metz, G.A. (2008). Stress
accelerates neural degeneration and exaffarates motor system in a rat model of
Parkinson’s disease. European Journal of Neuroscience, 27 (8): 2133-2146.

Son, H,, Yang, J.H., Kim, HJ. and Lee, D.K. (2019). A chronic immobilisation stress protocol
for inducing depression-like behaviour in mice. Journal of Visualised Experiments,147:
€59546. doi: 10.3791/59546.

Verbitsky, A.; Dopfel, D. and Zhang, N. (2020). Rodent models of post-traumatic stress disorder:
behavioural assessment. Translational Psychiatry, 10: 132.
https://doi.org/10.1038/541398-020-0806-X.

Verhagen, R., Cox, C., Machangu, R., Weetjens, B. and Billet, M. (2003). Preliminary results on
the use of Cricetomys rats as indicators of buried explosives in field conditions. In.
Mclearn 1.G. (Editor), Mine Detection Dogs: Training, Operations and Odour Detection.
Geneva International Centre for Humanitarian Demining, Geneva, Switzerland. Pp. 175-

12



193. Available at: https://www.apopo.org/files/pagesfrom MDDbook.pdf. Accessed on
July 15, 2010.

Wang, X., Li, W., Li, S., Ma, Y., Yan, J., Wilson, J.X. and Huang, G. (2018a). Maternal folic
acid supplementation during pregnancy promotes neurogene and synaptogenesis in
neonatal rat offspring. Cerebral Cortex, 29(8): 3390-3397.

Wang, X., Li, W., Li, S., Yan, J., Wilson, J.X. and Huang, G. (2018b). Maternal folic acid
supplementation during pregnancy improves neurobehavioural development in rat
offspring. Molecular Neurobiology, 55 (3): 2676-2634.

Li, W, Li, Z, Li, S., Wang, X., Wilson, J.X. and Huang, G. (2018). Periconceptional folic acid
supplementation benefit to development of early sensory-maotor function through increase
DNA methylation in rat offspring. Nutrients, 10(3): 292.
https://doi.org/10.3390/nu10030292.

Wright, A.J., Dainty, J.R. and Finglas, P.M. (2007). Folic acid metabolism in human subjects
revisited: potential implications for proposed mandatory folic acid fortification in the UK.
British Journal of Nutrition, 98(4): 667-675.

Zain, M.A., Pandy V., Majeed, A.B.,, Wong W.F.. and Mohamed, Z. (2018). Chronic
restraint stress impairs sociability but not social recognition and spatial memory in
C57BL/6J mice. Experimental Animals, 68 (1): 113-124.

Zhu, H., Robin, W., Rockhold, R.W., Bakerd, R.C., Kramedr, R.E. and Ho, I.K. (2001). Effects
of single or repeated dermal exposure to methylparathion on behaviour and blood
cholinesterase in rat. Journal of Biomedical Science, 80: 467-474.

13



60.00
50.00
40.00
30.00
20.00
10.00

0.00

% open arm entry

\

Group 1 (No Group 2 (Stress) Group 3 (Stress

stress)

[

i

+ folic acid)

-

Group 4 (No
stress + folic
acid)

14



Figure 1:

% open arm exploration

Effects of chronic physical immabilisation (stress) and folic acid supplementation on Percentage
Open Arm Entry of African Giant rats (Cricetomys gambianus) in the Elevated Plus Maze. Mean
(= SEM) values with different letters (a,b,c) are significantly (P < 0.05) different; n = 5 male
AGRs per group.
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Figure 2:  Effects of chronic physical immobilisation (stress) and folic acid supplementation on Percentage Open
Arm Exploration by African Giant rats (Cricetomys gambianus) in the Elevated Plus Maze. Mean (£
SEM) values with different letters:(a,b) are significantly (P < 0.05) different; n =5 AGRs per group

Number of squares crossed / 2minutes

40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00

0.00

ar
\

Group 1 (No
stress)

by
\

Group 2
(Stress)

\

Group 3

ﬁ\

Group 4 (No

(Stress + folic  stress + folic

acid)

acid)

15



Figure 3: Effects of chronic physical immobilisation (stress) and folic acid supplementation on the mean
number of squares crossed in two minutes by African Giant rats (Cricetomys gambianus) in the
Open Field Apparatus. Mean (x SEM) values with different letters (a,b,c) are significantly (P <
0.05)different; n = 5 male AGRs per group.
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Figure 4:  Effects of chronic physical immobilisation (stress) andfelic acid supplementation on the mean number
of rearing in two minutes by African Giant-Rats (Cricetomys gambianus) in the Open Field Apparatus.
Mean (£ SEM) values with different letters (a;b,c) are significantly (P < 0.05) different; n =5 per group
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