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ABSTRACT

Background. Anxiety and depression are becoming increasingly prevalent today and are often aggravated by day-to-
day stresses. Because current management strategies are usually accompanied by unpleasant side effects, there is a 
need to look into alternative treatment regimens - such as prebiotics - that may provide equally effective anxiolytic 
and antidepressant effects.

Objective. Therefore, the study aims to determine the effect of a combined fructooligosaccharide (FOS) and 
galactooligosaccharide (GOS) supplemented diet on anxiety and depression levels in mice subjected to Unpredictable 
Chronic Mild Stress (UCMS).

Methods. Forty male BALB/C mice were subjected to UCMS under a pretest-posttest control group design where 
the treatment group received prebiotic supplementation throughout the study. Repeated measures ANOVA was run 
to evaluate between, within, and time interactions of the measured anxiety parameters using the light-dark box test, 
and depression parameter using the fur coat state assessment.

Results. Results show that (1) the FOS + GOS treatment did not give the treatment group an advantage over the 
control group during UCMS, (2) both groups grew more anxious and depressed over time, and (3) the treatment group 
grew more anxious with time in relation to control in terms of the total time spent in the light side.

Conclusion. These imply that the UCMS protocol was successful in inducing stress in mice, but the FOS + GOS 
regimen failed to provide anxiolytic and antidepressant effects on male BALB/C mice exposed to UCMS.
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INTRODUCTION

Depression and anxiety are pervasive and prevalent 
problems worldwide.1-3 Global Health Estimates in 2015 
report 3.30 million and 3.08 million Filipinos affected by 
depressive and anxiety disorders, respectively.2 Chronic 
stress is an important risk factor for the development of 
these disorders.4-5 Stress is a circumstance that disturbs the 
normal physiological and psychological functioning of a 
person.6 While short term responses to stress are adaptive 
and beneficial, it also has the potential to cause chronic or 
mood anxiety disorders when neurologic and behavioral 
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responses become maladaptive.4 This causality is important 
to note, as stress-related disorders have their roots in 
nuanced interactions between genetic and environmental 
risk factors, wherein the cumulative physiological effect 
of stressors causes the dysregulation of multiple systems.7 
The Gut-Brain Axis is a system of highly integrated 
and regulated complex pathways by which the nervous 
system and the gastrointestinal system are interconnected.8 
These pathways include the Enteric Nervous System, 
Autonomic Nervous System, Hypothalamus-Pituitary 
Axis, and the Central Nervous System. In recent decades, 
the gut microbiota has shown a bidirectional interaction 
with the brain, where dysbiosis has been associated with 
neurological changes.8 An example of this is the expression 
of depressive symptoms in patients with Inflammatory 
Bowel Disease.9 Given this relationship, influencing the gut 
microbiota using prebiotics and probiotics has become an 
interesting strategy to generate new treatments for mental 
health disorders (e.g., anxiety and depression), cognitive 
deficits, neurodegenerative disorders, and neuropsychiatric 
disorders.7,10-13 A recent meta-analysis of human trials 
showed that probiotics conferred significant anxiolytic and 
antidepressant effects, while taking fructooligosachharide 
(FOS) or galactooligo-saccharide (GOS) did not confer a 
significant effect when compared to placebo.14 In contrast, 
Burokas et al. (2017) found that using a combination of 
both FOS and GOS on mice models showed significant 
anxiolytic and antidepressant effects.12 This contrast then 
suggests that using a combination of FOS and GOS may 
provide more potent anxiolytic and antidepressant effects 
when compared to using these separately. Prebiotics work by 
stimulating the growth and activity of beneficial bacteria in 
the gastrointestinal tract, thus using prebiotics in combination 
may stimulate a broader genera of bacteria causing more 
profound effects.15-18 Considering that the Philippines has 
local and affordable dietary sources of prebiotics such as 
bananas and onions, the discovery of possible anxiolytic and 
antidepressant effects of a FOS + GOS based prebiotic may 
allow Filipino mental health practitioners to integrate diet 
modification and/or supplementation into their treatment 
plan for anxiety and depression patients. 

Therefore, this present study will clarify previously 
reported anxiolytic and antidepressant effects of a combined 
FOS + GOS regimen using a more stress-sensitive mice 
strain (i.e., BALB/C) and by using a stress protocol that more 
closely approximates human stresses (i.e., Unpredictable 
Chronic and Mild Stress).12 Specifically, the study aims to (1) 
compare anxiety levels of mice supplemented with prebiotics 
against mice on standard diet, before and after UCMS, via 
light dark box test, (2) compare depression levels of mice 
supplemented with prebiotics against mice on standard 
diet, before and after UCMS, via fur coat assessment, (3) 
determine changes in anxiety levels through time, and (4) 
determine changes in depression levels through time. 

MATERIALS AND METHODS

Preparation and Handling of Test Animals
Forty male BALB/C mice (aged 2-3 months old) 

were obtained from St. Luke’s Quezon City Research and 
Development division where they were fed commercially 
available Rabbit Pellets by Bantrade Pellet Feeds 
Manufacturing Company (contains yellow corn, corn by-
products, copra meal, distiller’s dried grains with solubles, ipil, 
rice bran, sorghum, wheat pollard, yeast, limestone, tricalcium 
phosphate, vitamins, and minerals). Sample size for repeated 
measures ANOVA was calculated by the College of Public 
Health using the G* power software where power was set 
at 0.8, and number of groups and measurements were both 
set to 2. Sample size was adjusted to account for expected 
mortality. All researchers were certified to be adequately 
trained in mice handling and feeding by the National 
Institute of Health in order to minimize performance bias. 
The population was equally and randomly divided into two 
groups. The control group was on standard diet while with 
the treatment group received prebiotic supplementation 
of 0.5g of FOS and GOS on a daily basis by dissolving 
the appropriate concentration in their drinking water as 
prescribed by Burokas et al. (2017).12 Standard diet refers to 
the same Rabbit Pellets used by the supplier. Both groups 
were acclimatized for a total of 1 month, but the treatment 
group started receiving prebiotic supplementation after 1 
week of acclimatization until posttest. After acclimatization, 
baseline anxiety and depression levels were determined, then 
both groups were subjected to the UCMS protocol for 4 
weeks. After which posttest anxiety and depression levels 
were measured. Data was then analyzed using repeated 
measures ANOVA. 

Ethical Considerations
The researchers strictly adhered to the standard of 

animal care required by the Institutional Animal Care 
and Use Committee (IACUC)-UP Manila. The study was 
designated the protocol number: 2018-037. Mice were 
individually housed in 14 x 7 x 8 plastic cages in the animal 
room of the Paz Mendoza building, College of Medicine, 
University of the Philippines-Manila. Housing conditions 
were maintained at: 25 ± 2°C, humidity at 20%–25% and 
photoperiod of 12:12 with lights on at 6:00 AM. Mice were 
fed commercially available mice feeds once a day throughout 
the study. Distilled water for the control and prebiotic-
supplemented water were made available for the mice ad 
libitum. Fructooligosaccharides and galactooligosaccharides 
were obtained from BENEO-Orafti and Vision Ingredients 
Asia, respectively. Mice bedding were replaced 2-3 times a 
week. The present study subjected the mice to the UCMS 
protocol with pretest and posttest assessments. Aside from 
UCMS, no other stressors were deliberately induced by the 
researchers. Additionally, the pretest and posttest assessments 
using the light dark box test and fur coat assessment were non-
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invasive and merely observational in nature. On the last day 
of the study, all mice were euthanized by cervical dislocation 
performed by the laboratory’s animal caretaking personnel.

Experimental Study Design 

Unpredictable Chronic Mild Stress (UCMS)
The UCMS protocol was conducted for 4 weeks. The 

mice population was stressed via several stressors (Table 1).  

Two randomly selected stressors were performed on the 
population daily. It was ensured that no stressor was 
conducted two days in a row to prevent habituation. 

Light Dark Box Test
The dimension of the box was 46 x 27 x 30 cm, one-

third of which was the dark compartment while the 
remaining two-thirds was for the light compartment. There 
was a middle partition between compartments with a square 
opening of not more than 7 x 7 cm to allow crossing20 
(Figure 2). The ceiling of the light compartment box was left 
uncovered while blue cellophane was placed over the dark 
compartment. This was done in order to allow observation 
of mouse behavior while keeping in accordance with the 
recommended illuminance in the light dark box test protocol. 
The illuminance, measured in lux, was measured to be 5 or 
less lux in the dark compartment and from 200-400 lux in the 
light compartment as prescribed by Serchov et al. (2016).21

Anxiety Assessment
Evaluation of the anxious behavior was based on the 

modified light dark box test used by Hascoët and Bourin 
(1998).22 The mice were initially placed in the center of the 
white portion of the light dark apparatus and allowed to 
roam for 5 minutes. During this time, the researchers were 
predominantly absent from the testing site and a video-
recording device was placed above each compartment such 
that the entire compartment was visible. The mice were 
removed from the apparatus at the end of 5 minutes after 
which the apparatus was cleaned with 70% unscented ethanol 
to remove urine and fecal material. There was a waiting 
period of 5 minutes in between tests to allow evaporation 
of the alcohol. 

Four parameters were measured through video: (1) total 
time in light, which is the cumulative measured time in 
seconds spent in the light compartment, (2) the transitions 
from one compartment to the other, which occurs once all 
four paws have entered the adjacent compartment, (3) latency 
time, or the time in seconds that the mouse spends in the 
light compartment before initially transitioning into the dark 

40 Male BALB/C Mice

Pretest (Light Dark Box Test, Fur Coat Assessment)

Posttest (Light Dark Box Test, Fur Coat Assessment)

Statistical Analysis (Repeated Measures ANOVA)

20 Control

3 Weeks Standard Diet

1 Month UCMS

1 Week Acclimatization

20 Treatment

3 Weeks Standard Diet + 
Prebiotic Supplementation

1 Month UCMS + 
Prebiotic Supplementation

1 Week Acclimatization

Figure 1. The study utilizes a pretest-posttest control group 
design. Pretest and posttest levels of anxiety and 
depression were measured for both groups via the 
light dark box test for anxiety and fur coat state 
assessment for depression. Pretest measures were 
obtained prior to the UCMS protocol, while posttest 
measures were obtained after. Furthermore, pretest 
and posttest measures were analyzed for within and 
between differences, and interaction of treatment 
with time via repeated measures ANOVA (α = 0.05).

Table 1. Stressors with description of their respective metho-
dologies in accordance with the UCMS protocol19

Stressor Description
Cage change Each mouse was temprarily placed in a cage 

previously occupied by another mouse and 
returned to its original cage after 3 hours.

Without sawdust Sawdust was removed from cages for 1 hour.
Damp sawdust 125 ml of water was poured into each cage to 

soak the sawdust for 1 hour.
Bath Sawdust of each cage was removed and 

replaced with 125 ml of water for 30 minutes.
Cage tilting Cages were tilted at 45° for 1 hour.
Rat feces Sawdust in each cage was replaced with ~60 ml 

of sawdust containing rat feces for 1-2 hours.
Restraint stress Each mouse was restrained separately in 

closed and ventilated 50 ml falcon tubes for 
15-30 minutes.

Predator sounds Predator sounds of birds of prey were played 
for 10 minutes in front of the mice cages.

Cycle disturbances Change of light/dark cycle (e.g., reversal of 
light/dark cycle).

Figure 2. Light Dark Box.

VOL. 56 NO. 7 202266

A Comparative study on Depression and Anxiety of Mice



compartment, and (4) exploratory rears, defined as “directed 
sniffing with the forepaws directed vertically upon the sides 
of the chamber”20 (Figure 3). 

Fur Coat Assessment
The fur coat state assessment used was a 0, 0.5 and 1 

scoring system to measure depressive behavior. The lowest 
score possible, 0 (good), is given for smooth and shiny fur, 
without spiky and tousled patches, while the highest score, 
1 (bad), is given to fluffy, spiky, dirty, or stained fur. An 
intermediate value of 0.5 is given when the fur is slightly 
fluffy with spiky patches.23 The 7 regions – head, neck, 
forepaws, dorsal coat, ventral coat, hind paws, and tails – are 
to be examined by blinded evaluators, then scored using the 
parameters above. Thus, the maximum score for each mouse 
is 7. This assessment is correlated to the unhygienic behavior 
often observed in persons with depression.23 Fur coat state 
of each mouse is a mean of independent assessments by two 
blinded evaluators. 

Maneuvers to Minimize Systemic Errors
Each mouse was initially assigned a number from 1 to 40. 

A numbered list from 1- 40 was then randomly rearranged 
using an online list randomizer. The mice corresponding to 
the first 20 items on the randomized list were assigned to the 
control group while the remaining 20 mice were assigned to 
the treatment group. Following random allocation, each mice 
was rearranged in order by number and finally designated a 
control number. A-1 to A-20 were assigned to mice of the 
control group while B-1 to B-20 were assigned to mice of 
the treatment group. 

Immediately prior to assessment, each mouse was 
randomly assigned an additional control number in order to 

avoid measurement bias. The mice were divided into three 
groups corresponding to the three unblinded chaperones 
who were tasked with delivering their assigned mice to the 
assessment areas. 

Individual strips of paper labeled from A-1 to A-20 and 
from B-1 to B-20 were placed together in a bag. A chaperone 
tasked with delivering a mouse to the assessment area 
would randomly pick out a strip of paper from the bag. The 
mouse corresponding to the control number obtained by the 
chaperone was then assigned its additional control number 
and brought to the assessment area. The first mouse obtained 
by the first chaperone was assigned a control number of 
C1M1, C1 referring to the first chaperone and M1 referring 
to the first mouse obtained by the first chaperone, while 
control numbers for mice obtained by the second and third 
chaperones followed the same format. The first chaperone 
was assigned to 14 mice, the second chaperone was assigned 
to 13 mice, and the third chaperone was assigned to 13 mice. 

During the assessment proper, one mouse at a time was 
delivered by a chaperone from their cages to an evaluator 
handling the light dark box. The light dark box test was 
facilitated by the evaluator, after which the mouse was 
brought by the chaperone to a second evaluator responsible 
for the fur coat state assessment. There were a total of three 
chaperones, three evaluators for the light dark box, and two 
evaluators for the fur coat state analysis. In order to avoid 
measurement bias, only the chaperones were aware of the 
original group classification of each mouse. All evaluators 
were blinded and were only informed of the chaperone-
based control numbers. Only evaluators for their respective 
assessment tests and mice handled were tasked with measuring 
their respective parameters. Evaluators for the light dark 
box test measured the exploratory behavior through video, 

Figure 3. Exploratory rearing. Figure 4. Areas of mouse fur assessed as indicators of depressive behavior.23

A B
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while evaluators for the fur coat state assessment scored the 
depressive state through pictures taken during assessment. 

Statistical Analysis
Data was encoded in the Microsoft Excel program during 

each data collection period. Collected data was composed 
of pretest and posttest values of four anxiety parameters 
(e.g., total time in light, time before first transition, number 
of transitions and number of rears) and one depression 
parameter (e.g., fur coat state). Stata® software for statistics 
was used to perform repeated measures ANOVA (between 
and within means) to identify the effect of treatment between 
the groups, to determine the effect of treatment across time 
(i.e., pretest versus posttest measurements), and to determine 
if there is an interaction between treatment and time. 
Shapiro-Wilk W test for normality and the Breusch-Pagan/
Cook-Weisberg test for heteroskedasticity was performed 
to evaluate the adherence of the analyzed parameters to the 
assumptions of repeated measures ANOVA. Additionally, 
the epsilon measure for violation of sphericity was 
obtained to direct the choice of p-values obtained after 
correction factors have been applied. Parameters that show 
significant time-treatment interaction was visualized on a 
contrasts of marginal linear predictions plot to determine 
the difference of means between groups on pretest and  
posttest measurements. 

RESULTS

Repeated measures ANOVA was run to evaluate (1) the 
difference between groups through time (i.e., comparison of 
pretest-posttest difference of both groups), (2) the difference 
within groups (i.e., comparison of mean pretest with 
mean posttest), and (3) the interaction of group with time 
(i.e., correlation of group with time). 

In between groups comparison, there was no sufficient 
evidence to say that the treatment group was significantly 
different from control through time in the following 
parameters: total time in light F(1,3.78)=0.0593,p<0.05; 
time before first transition F(1,3.48)=0.0700, p<0.05; total 
number of transitions F(1,0.47)=0.4967, p<0.05; and fur 
coat state F(1,0.00)=0.9575, p<0.05 (Figures 5.1-5.3). In 
contrast, there was a significant difference between both 
groups in terms of total number of rears F(1,6.20)=0.0173, 
p<0.05 where the control group significantly exhibited more 
rears than the treatment through time (Figure 5.4).

Additionally, there is no sufficient evidence to say that 
there is a significant difference within groups in the following 
parameters: total time in light F(1,2.86)=0.0993, p<0.05; 
and total number of rears F(1,2.25)=0.1425, p<0.05 (Figures 
5.1 and 5.4). This means that there is no change in anxiety 
level over time in terms of these parameters. In contrast, 
there is a significant difference within groups in time before 
first transition F(1,18.05)=0.001, p<0.05; and fur coat state 
measures F(1,34.25)=0.00, p<0.05 (Figures 5.2 and 6). This 

implies that there is a change in anxiety and depression 
levels over time in terms of these two parameters. 

Furthermore, there is a significant interaction between 
group and time in the total time in light parameter (Figure 
5.1) F(1,5.43)=0.0254, p<0.05, while no group-time 
interaction was found in the remaining parameters (Figures 
5.2 to 6): time before first transition F(1,3.17)=0.0831, 
p<0.05; number of transitions F(1,0.14)=0.7082, p<0.05; 
total number of rears F(1,0.65)=0.4238, p<0.05; and fur coat 
state F(1,0.40)=0.5318, p<0.05. Since there is a significant 
interaction between group and time for the total time in 
light parameter, a contrast of marginal linear predictions 
plot shows that during the pretest, the treatment was 
significantly different from the control (p=0.004), but during 
posttest, the treatment group showed a decrease in total time 
spent in light closer to the control group’s posttest value, with 
no significant difference (p=0.826). This implies that the 
treatment group significantly grew more anxious with time 
while the control group’s anxiety level remained constant 
with respect to this parameter. 

In summary, it was found that the treatment group did 
not have significantly different anxiety and depression levels 
when compared to control (in 4 of 5 parameters) but there was 
a significant change in anxiety and depression levels in both 
groups over time (in 2 of 5 parameters) which is in agreement 
with the observed increased anxiety of the treatment group 
over time (in 1 of 5 parameters). Interpretation of these 
findings suggest that (1) the FOS + GOS treatment did 
not give the treatment group an advantage over the control 
group in four of five parameters (2) both groups grew more 
anxious and depressed over time in two of five parameters 
and (3) the treatment group’s anxiety level increased with 
time while the control group’s anxiety level remained constant 
in context of total time spent in light. 

DISCUSSION

In a meta-analysis of human trials by Liu et al. (2019), 
the use of either FOS or GOS did not show a significant 
anxiolytic or antidepressant effect.14 Meanwhile, Burokas 
et al. (2017) reported that using FOS and GOS either 
individually or in combination showed anxiolytic and 
antidepressant effects in male C57BL/6J mice. But it was 
observed that using FOS and GOS in combination had 
superior anxiolytic and antidepressant effect when compared 
to administering them individually. This is in contradiction 
with our current findings where we did not observe anxiolytic 
and antidepressant effect when using a combined FOS 
+ GOS prebiotic solution as a dietary supplement in male 
BALB/C mice when exposed to unpredictable chronic mild 
stress (UCMS). 

Prebiotics modulate the gut microbiota by influencing 
the growth of certain microbial taxa over others.13-14,24-26 
The FOS + GOS treatment has been found to increase the 
abundance of Bifidobacteria and Lactobacilli over others.18,26 
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Thus, for prebiotics to take effect, there must be an initial 
population of its target microbes. Xiao et al. (2015) created a 
comprehensive gut bacterial gene catalog created from mice 
of diverse genetic backgrounds, housing locations and diet.27 
The catalog ranks the 20 most abundant bacterial genera 
across all samples. Lactobacilli were among the top 20 core 
genera in mice, while the omnipresence of Bifidobacteria 
cannot be established. Therefore, the expected anxiolytic 
and antidepressant effects of the FOS + GOS treatment 
may have been negatively affected with only one of its two 
targets most likely present in the mice of the current study. 
Aside from this, Collins & Reid (2016) showed that the 
relative abundance of gut microbes also plays as a factor 
in the prebiotic effect.24 Thus, a baseline assessment of gut 
microbiota composition may have accurately determined 
the initial gut community composition and microbe relative 
abundance in the present study, however, this was beyond 
the scope of the present study. 

Figure 6. Mean fur coat state assessment scores of both 
groups during pretest and posttest.

Figure 5.1. Mean total time in light (s) of both groups during 
pretest and posttest, measured using the light dark 
box test.

Figure 5.3. Mean number of transitions of both groups during 
pretest and posttest, measured using the light dark 
box test.

Figure 5.2. Mean time spent in light side before first transition 
(s) of both groups during pretest and posttest, 
measured using the light dark box test.

Figure 5.4. Total number of rears of both groups during pretest 
and posttest, measured using the light dark box test.
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In addition, recent studies state that gut microbial 
composition is dependent on supplier, housing, diet, feeding 
pattern, gender, and strain.27-29 This dependence on strain 
may explain the contradiction between the present findings 
to that of Burokas et al. (2017), while the single mice source, 
uniform housing and diet in the current study contributes to 
the accuracy of present findings.12 

Various mice strains exist for varying purposes. It is worth 
noting that this is the first study to evaluate the use of FOS 
+ GOS on male BALB/C mice exposed to UCMS. Male 
BALB/C mice were found to be significantly more sensitive 
to the UCMS protocol when compared to C57BL/6J and 
DBA/2J mice.30 This apparent hyperreactivity of BALB/C 
mice to UCMS was the present study’s primary reason for 
choosing the said strain. This move is supported in Savignac 
et al. (2015) which states that the BALB/C mice strain is 
the ideal model in investigating stress-related disorders due 
to their innate sensitivity to stress.10 It is therefore suggested 
that the hypersensitivity of BALB/C to UCMS would 
elucidate and clarify the anxiolytic and antidepressant effects 
of the FOS + GOS treatment demonstrated by Burokas 
et al. (2017) who used C57BL/6J mice.12 Present findings 
showed that both groups grew more anxious and depressive 
by the end of UCMS, and the treatment did not show any 
marked difference from the control. Aside from the previous 
discussion on how initial gut microbiota is dependent on 
mice vendor and strain which may eventually translate into a 
differential effect of prebiotics, the apparent hyperreactivity of 
BALB/C mice may have played a confounding role in estab-
lishing the therapeutic effects of the FOS + GOS treatment. 

The exact composition and administration of FOS + 
GOS may also be responsible for the study’s contradicting 
findings with that of previous works. The study by Burokas et 
al. (2017) only provided the supplier (Healy Group, Ireland), 
but did not provide specific technical product details for 
either the FOS or the GOS used. While it might be surmised 
that there are similar characteristics across the different 
products marketed as FOS and GOS (as a result of their 
synthesis and degrees of polymerization) evidenced by the 
GRAS studies by ChromaDex Spherix Consulting (2017) 
and Heimbach (2011), the exact composition of the actual 
product might differ (for example, the FOS in our study is 
composed of 93.2-95.8% oligofructose).31-32 Additionally, 
Burokas et al., (2017) utilized a combination of FOS and 
GOS dissolved in drinking water for 0.3-0.4 g/mouse/day 
without specifying the exact ratio. It may only be speculated 
that each prebiotic contributed half (0.15-0.2 g/mouse/day). 
In contrast, our study utilized 0.5 g/mouse/day in a fixed 1:1 
ratio of 0.25g FOS and 0.25g GOS. Given this difference 
in the administered amount and coupled with uncertainty 
about the technical specifics of the FOS and GOS used by 
Burokas et al. (2017), the absence of a significant effect may 
be attributed to these differences.

It is unlikely that the observed absence of a neuroprotective 
effect of the prebiotics may be attributed to its handling by 

the researchers. According to Charalampopoulos and Rastall 
(2012), GOS is extremely stable, much so that heating 
a solution to 100°C at pH = 2 degrades only 5%; and that 
GOS is stable for several months when stored at 37°C at pH 
= 2. FOS on the other hand was reported to be less stable. 
Heating a FOS solution to 145°C at pH = 3.5 for only 10 
seconds resulted in the hydrolyzation of approximately 10%, 
while exposure to 85°C for 30 minutes causes a significant 
reduction in its prebiotic activity score.33 Despite the lack of 
certain environmental controls such as measurement of room 
temperature, it is unlikely that the storage and handling of the 
prebiotics have approximated the aforementioned conditions 
mostly related to the pasteurization process.30 Given that the 
prebiotics and the prebiotic solution were stored in an air-
conditioned room, it is unlikely that these have degraded so 
much as to nullify its efficacy and render them without effect. 

The UCMS protocol published by Mineur (2003) 
was utilized by this study. However, although the protocol 
enumerates a list of stressors from which the researchers 
can choose, Willner (2005) stated that proximal stressors, 
which are stressors performed within the cage (cage change, 
sawdust change, without sawdust, damp sawdust, “bath,” 
cage tilting, rat feces, and restraint stress) were more potent 
in eliciting behavioral changes than distal stressors (predator 
sounds and cycle disturbances).19,34 In our study, more 
proximal stressors were used, with predator sounds done only 
five times and cycle disturbance done only once during the 
whole 4-week stressing period. While this is demonstrably 
effective in stressing the mice and inducing anxiety and 
depression over time, it might be that the extensive use of 
proximal stressors on a highly susceptible strain might have 
further contributed to the masking effect on the probable 
efficacy of FOS + GOS.10 

The physical setup of the laboratory might have also 
contributed to the results of the study. According to Porsolt 
and Papp (1998), it is important to keep stressed animals and 
controls in different holding rooms and minimize excessive 
ventilation in these rooms.35 Alario et al. (1986) also report 
that chronic noise stimulus is moderate stress to mice, such 
that it was able to increase corticosterone levels but not affect 
their adrenal morphology.36 Given that the mice used in this 
study were housed in a room exposed to construction noise, 
shared by other mice and rats of other research groups, and 
both the control and treatment groups had to be placed next 
to each other, these factors may have contributed additional 
stress to the mice, which may explain both the increased initial 
levels of stress, as well as masking in the effect of FOS + GOS.

Lastly, the observed decreasing trend in total time spent 
in the light side of the treatment group might imply that 
the treatment group grew more anxious than the control 
group. But, if we look at all the other 3 anxiety parameters, 
this finding may be considered as an outlier. Furthermore, 
even if there was an apparent decreasing trend, the treatment 
group was still not significantly different from the control in 
this parameter. 
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