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Abstract 

Schizophrenia is a complex psychiatric disorder characterised by positive and negative symptoms, with current 

pharmacotherapies showing limited efficacy in managing negative symptoms. Hence, the problem of treatment resistance and 

high relapse rates. Ketamine, an N-methyl-D-aspartate (NMDA) receptor antagonist, is frequently used to induce schizophrenia-

like symptoms in rodents. Recent research has highlighted the gut-brain axis as a novel target for mitigating schizophrenia 

disorder, with prebiotics such as inulin demonstrating potential in modulating neurobehavior through antioxidant properties and 

neurotransmitter regulation. Eighty (80) male mice were randomly assigned into eight groups (n=10). Group A received normal 

saline (control), Groups B - D were administered inulin in feed at 2g, 4g, and 8g/kg, Group E received ketamine alone (50 

mg/kg, intraperitoneally), and Groups F, G and H received ketamine followed by inulin supplemented feed. Ketamine and saline 

were administered intraperitoneally for 5 days, while inulin was fed to them for 30 days. Faecal samples were collected weekly 

for Lactobacillus quantification. On day 36, behavioural tests (social interaction and Y-maze) were conducted. On day 37, 

animals were sacrificed for histological (haematoxylin and eosin and cresyl fast violet staining, biochemical analyses including 

lipid peroxidation, total antioxidant capacity and nitric oxide levels. Results revealed that ketamine-treated mice exhibited social 

withdrawal, oxidative stress and evidence of hippocampal neurotoxicity. The administration of Inulin however reversed 

Ketamine induced behavioural and hippocampal alterations. In conclusion this study has demonstrated the benefits of feed-added 

inulin in mitigating ketamine induced schizophrenia-like behaviours and hippocampal neurotoxicity in mice, however more 

studies are required to ascertain its beneficials effects in humans. 
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1. Introduction 

The gut microbiota, which consists of microorganisms which 

are extensively dispersed in the gastrointestinal tract (GIT) of 

animals and humans, is crucial for preserving homeostasis, or 

the balance of the host's metabolic and physiologic processes 

[1, 2]. Each individual’s gut microbiome is quite copious and 

distinct [3]. About a quarter of the entire microbiome 

community is made up of bacteria of Firmicutes and 

Bacteroides phyla [1, 4]. In the last decade or more there has 

been increasing evidence of the beneficial effects of the gut 

microbiome [5]. There is also ample evidence to suggest that 

microbiome-based therapies including the use of synbiotics, 

probiotics and prebiotics could significantly alter current 

management protocols for neurodegeneration [6].  
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Prebiotics are fermented dietary compounds which have been 

shown to promote the activity and growth of beneficial strains 

of gut flora in biological hosts, contributing to improved health 

and wellbeing [7]. Research has shown that fructo-

oligosaccharides [FOS] and galacto-oligosaccharides are the 

two most important groups of prebiotics that have health 

benefits in humans [8]. Fructo-oligosaccharide comprise a 

broad class of oligosaccharides that include short chain FOS, 

Levan oligosaccharides and inulin. Inulin is a naturally 

occurring prebiotic present in various plants including onions, 

chicory root and garlic [9, 10]. Reports from recent studies 

have revealed that prebiotics have beneficial effect on brain in 

health or disease. Galactooligosaccharides were reported to 

mitigate postoperative cognitive dysfunction and 

neuroinflammation through the targeting of the gut-brain axis 

[11]. Bimuno galactooligosaccharide also alters the gut 

microbiota and has benefits on cognitive function in psychosis 

[12]. Inulin has also been shown to exert neuroprotective 

effects including the mitigation of post-stroke depressive like 

behaviour [9] and attenuation of blood-brain barrier 

permeability and behavioural dysfunction [10]. While there is 

ample evidence of its benefits in attenuating brain 

neurodegeneration and depressive disorders, there is a dearth of 

information on its benefits in the management of 

schizophrenia. 

Schizophrenia is a chronic and debilitating neurodevelopmental 

disorder characterised by deficits in cognition, mood, 

perception of reality and interpersonal relationships.  [13-15]. 

Research has demonstrated that the development of 

schizophrenia is influenced by genes and the environment [16, 

17]. The rising schizophrenia burden worldwide has increased 

the need for research into the development   of more efficient 

and less toxic therapies for the management of schizophrenia 

[18]. Also, the search for alternative therapies has become 

increasingly important, as current pharmacological treatments, 

namely first- and second-generation antipsychotics, often fail 

to provide adequate symptom relief [19]. These medications 

have been reported to primarily target positive symptoms 

including hallucinations and delusions showing limited 

efficacy in addressing negative symptoms such as withdrawal, 

anhedonia and cognitive deficits [19]. Moreover, a significant 

proportion of persons on schizophrenia therapy develop 

treatment resistance, with approximately 20–30% of these 

individuals experiencing little to no improvement despite 

adherence to prescribed antipsychotic regimens. These 

limitations underscore the urgent need for novel therapeutic 

strategies, including non-pharmacological and integrative 

approaches, to improve outcomes and quality of life for those 

affected [19, 20]. 

In the last decade or more, increasing awareness of the possible 

impact of gut microbiota-brain interactions in the development 

and progression of schizophrenia [21, 22] has led to 

suggestions that prebiotics like inulin could be beneficial in the 

management of schizophrenia. Therefore, this study examined 

the effect of feed-added inulin on behavioural and 

morphological changes in the hippocampus in a ketamine 

model of schizophrenia in mice. 

2. Materials and Methodology 

2.1 Animals 

A total of 80 male mice weighing between 25-32 g were 

procured from Umarahmarkeen Nigeria Global Ventures, 

Ilorin. They were housed in fenestrated plastic cages and 

allowed to acclimatise for two (2) weeks. The mice were given 

access to clean water at all times and were fed normal rodent 

chow purchased from Ogo-Oluwa feeds, Sango, Ilorin.  

2.2 Experimental Methods  

Eighty (80) male Swiss albino mice, were used in this study. 

Animals were randomly assigned to 8 groups of 10 mice each. 

Group A was the control (CTR), while groups B, C, and D 

received inulin-(IN) in feed at 2g, 4g, and 8g per kg of feed 

respectively. Mice in group E received intraperitoneal injection 

(i.p) of ketamine (KET) alone at 50 mg/kg, while three 

intervention groups (F, G and H) received i.p KET. 

Intraperitoneal injection of saline was administered to mice in 

group A-D while mice in groups E-H received i.p KET for the 

first five days. Standard diet was fed to amice in groups A and 

E, while those in the inulin groups were fed Inulin incorporated 

into standard diet daily for 30 days. Body weight and faecal 

samples were taken weekly. At the end of the treatment period 

mice were exposed to the social interaction and Y-maze 

paradigms. Twenty-four hours after the last behavioural test, 

animals were sacrificed and the hippocampus was removed and 

either homogenised for biochemical assays [oxidative stress 

markers (glutathione [GSH] & nitric oxide [NO]) and brain 

neurotransmitter (dopamine and serotonin) levels] or processed 

for histological study using Cresyl violet   and haematoxylin 

and Eosin stains  

2.3 Body weight 

Body weight of the animals was recorded weekly using a 

sensitive precision weighing balance as previously described 

[23]. 

2.4 Lactobacillus evaluation  

The plate count technique for determining the 

concentration of lactobacillus in mice faecal material was 

used for this research. Briefly, 180mg of stool samples 

were diluted in 1 ml phosphate-buffered saline solution 
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(7.2 pH) to produce homogenous faecal solutions, which 

was spread over the Man Rogosa Sharpe (MRS) agar for 

lactobacillus and incubated for 48 hours at 370C. 

Observable lactobacillus colonies were counted and the 

average number of lactobacillus colonies was multiplied 

by the inverse of the dilution factor and presented as 

colony-forming units (CFU) per millilitre [24, 25]. 

2.5 Neurobehavioral paradigms 

2.5.1 Social interaction (SI) test  

Estimating the amount of time spent interacting socially 

or withdrawing from a “stranger” mouse is an important 

aspect of the social interaction (SI) test. The 3-chamber 

sociability box is used to evaluate social interaction and 

novelty preference in a two-phase test [26T. The three-chamber 

sociability chamber sociability test apparatus consists of a 

centre section and two adjacent chambers [27]. To assess 

sociability, a subject mouse was placed in the centre of a 

three-chambered sociability apparatus and allowed to 

explore freely for three minutes. During this session, the 

number of contacts and the duration of time spent 

interacting with a conspecific mouse in one chamber, 

compared to an empty chamber was recorded. In a 

subsequent session designed to evaluate social memory 

and preference for social novelty, a second unfamiliar 

(novel) mouse was introduced into the previously empty 

chamber. The subject mouse's interactions with both the 

familiar and novel mice were then observed for an 

additional three minutes. The primary parameter 

measured was the frequency of interactions between the 

subject mouse and the unfamiliar conspecifics [26-28]. 

2.5.2 Y-maze test  

The Y-maze test is a spontaneous behavioural test that 

relies on the working memory or natural curiosity of the 

animals. Instead of going back to an arm they have 

already investigated, the animals frequently choose to 

investigate a new one [29 30]. The Y-maze paradigm is Y 

shaped wooden maze consisting of three identical arms 

arranged at 120° angles from each other [29, 30]. The 

experimental animal was placed at the centre of the maze 

and allowed to explore all three arms freely. An 

alternation was defined as the animal entering a different 

arm from the one it had just exited, which was considered 

a correct response. In contrast, re-entering the previously 

visited arm was regarded as an error. Both the total 

number of arm entries and the sequence of entries were 

recorded to calculate the percentage of spontaneous 

alternation.  

2.5.3 Beam Balance test 

The beam apparatus consisted of a one-meter-long 

wooden beam with a flat surface 12 mm wide, supported 

by two poles and elevated 50 cm above the tabletop [31]. 

A black plywood box, positioned at one end of the beam 

and containing nesting material from the home cage, 

served as the goal area to motivate the mouse to complete 

the task. Beginning on day 15 of inulin administration, 

each mouse was trained to traverse the 12 mm-wide beam 

three times per day. After the treatment period concluded, 

each mouse performed a single test trial. During this trial, 

the number of hindlimb slips (hind slides) and the time 

taken to traverse the 80 cm central section of the beam 

were recorded. Video recording, using a mobile device-

mounted camera, began when the mouse’s nose entered 

the central 80 cm portion of the beam and ended when it 

reached the goal box [32]. 

2.6 Tissue Homogenisation  

Sections of the hippocampus were weighed and homogenized 

in phosphate buffered saline (PBS) solution, centrifuged and 

the supernatant was  

2.7 Biochemical tests  

Tissue levels of glutathione, protein, dopamine, and nitric 

oxide were assayed using commercially available ELISA 

Assay (Biovision Incorporated Milpitas, California U.S.A) kits 

and by following the manufacturer's instructions for respective 

tests. 

2.8 Tissue Histology  

Rat brains were dissected, sectioned and fixed in neutral-

buffered formolsaline. The hippocampus was then processed 

for paraffin-embedding, cut at 5 µm and stained with 

haematoxylin and eosin and cresyl fast violet for general 

histological study. 

2.9 Photomicrography  

Histological slides of the cerebral cortex were examined under 

an Olympus binocular light microscope. Images were captured 

using a Canon PowerShot 2500 Digital camera.  
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2.8 Statistical Analysis  

Statistical analysis was done using the Chris Rorden’s 

ezANOVA (V0.985) application and Microsoft Excel for the 

production of charts. Darta analysis was done using One or 

Two factor Analysis of Variance (ANOVA) followed by 

Tukey’s post-hoc test. Results were expressed as mean ± SEM 

and a p-value of   p < 0.05 was considered statistically 

significant 

3.  Results  

 3.1 Effects of inulin on the body weight and feed intake   

Figures 1 and 2 show the effect of inulin on weekly changes in 

mean body weight (figure 1) and weekly changes in mean feed 

intake (figure 2) respectively. Two factor ANOVA of body 

weight data showed a significant effect of treatment [F (7, 432) 

= 134, p < 0.001] and duration of administration (6 weeks) [F 

(5, 432) = 28.80, p < 0.001] and significant interaction between 

treatment and duration of administration [F (35, 432) = 13.70, p 

< 0.001]. Pairwise comparisons revealed a significant decrease 

in body weight in weeks 2, 3, 4, 5 and 6 in the groups 

administered inulin at 4 and 8 g/kg of feed, ketamine (KET), and 

KET with Inulin (IN) at 2, 4 and 8 g/kg of feed compared to 

control. Compared to KET, body weight increased significantly 

in weeks 3, 4, 5 and 6 with KET/IN at 2, 4 and 8 g/kg of feed  

Two factor ANOVA of feed intake data showed a significant 

effect of treatment [F (7, 432) = 112, p < 0.001] and duration of 

administration (6 weeks) [F (5, 432) =13.45, p < 0.001] and 

significant interaction between treatment and duration of 

administration [F (35, 432) = 9.25, p < 0.001]. Pairwise 

comparisons revealed a significant decrease in feed intake in 

weeks 4, 5 and 6 with IN at 8g/kg, KET and KET/IN at 2, 4 and 

8 g/kg of feed compared to control. Compared to KET, feed 

intake increased significantly in weeks 4, 5 and 6 with KET/IN 

at 2, 4 and 8 g/kg of feed respectively. 

3.2 Effects of inulin on faecal lactobacillus count 

Figure 3 shows the effect of inulin on lactobacillus count in 

mice exposed to ketamine. Lactobacillus count increased 

significantly (p<0.05) with IN at 2g and 8g, and with KET/IN at 

2g, 4g and 8g groups while it reduced (p<0.05) with IN at 4g 

and in the KET-only groups compared to control. Compared 

with KET, lactobacillus count increased (p<0.05) in KET/IN at 

2g, 4g, and 8g groups. 

3.3 Effect of Inulin on spatial working memory  

Figure 4 shows the effect of inulin on spatial working memory 

changes in the Y-maze measured as % alternation/5 minutes. 

Pairwise comparisons of spatial working memory data revealed 

a significant [F (5, 72) =8.63, p < 0.001] increase in % 

alternation with IN at 2, 4 and 8, and KET/IN at 2, 4 and 8 g/kg 

of feed and a decrease with KET compared to control. 

Compared to KET, % alternation increased significantly with 

KET/IN at 2, 4 and 8 g/kg of feed. 

  

Figure 1: The effect of inulin on body weight measured as mean 

weekly body weight (g) in ketamine-treated mice. Lines represent 

Mean ± SEM, *p<0.05 compared to the control group, #p<0.05 

compared to the KET group.   IN – Inulin, KET - Ketamine. 

Figure 2: Effect of inulin on change in feed intake. Each bar represents 

Mean ± S.E.M, *p<0.05 vs. normal control, #p<0.05 vs. ketamine 

control, number of mice/group =10, IN: Inulin: KET: Ketamine. 

Figure 3: The effect of inulin on faecal lactobacillus. Each bar represents 

Mean ± SEM, *p<0.05 vs. normal control, #p<0.05 vs. ketamine control, 
number of mice/group =10, IN: Inulin: KET: Ketamine. 
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Figure 6: Effect of inulin on spatial working memory in the Y-maze. 

Each bar represents Mean ± SEM, *p<0.05 compared to the control 

group, #p<0.05 compared to the KET group. Number of mice/groups 

=10. IN – Inulin, KET – Ketamine 

3.4 Effect of Inulin on anxiety-related behaviours  

Figure 5 shows the effect of inulin on time spent in the 

open and closed arms of the elevated plus maze. Pairwise 

comparisons of data from time spent in the open arm 

revealed a significant [F (5, 72) =16.99, p < 0.001] 

increase in time spent in the open arm with IN at 2 and 4, 

and a decrease with KET compared to control. Compared 

to KET, open arm time decreased significantly with 

KET/IN at 2, 4 and 8 g/kg of feed.  Pairwise comparisons 

of data from time spent in the closed arm revealed no 

significant difference in time spent in the closed arm in 

any of the groups compared to control or KET. 

3.5 Effect of Inulin on Marble burying behaviours 

Figure 6 shows the effect of inulin on marble burying 

behaviour. Pairwise comparisons of data from number of 

marbles buried revealed a significant [F (5, 72) =7.00, p < 

0.001] increase in number of marbles buried with IN at 4 and 8 

g/kg, KET and KET/IN at 2, 4 and 8 g/kg of feed compared to 

control. Compared to KET, number of marbles buried 

decreased significantly with KET/IN at 2, 4 and 8 g/kg of feed 

respectively. 

3.6 Effect of Inulin on social interaction phase I 

Figure 7 shows the effect of inulin on social interaction 

behaviour measured as time spent in the stranger or empty 

compartment. Two factor ANOVA of social interaction data 

revealed no significant effect of Treatment [F (7,144) = 1.86 

p<0.081], but a significant effect of chamber (Empty vs 

Stranger) [F (1,144) = 29.2 p<0.001] and significant interaction 

between treatment and chamber [F (7,144) = 8.39 p<0.001]. 

Pairwise comparisons revealed no difference in time spent in 

the empty compartment in any group compared to vehicle 

control or ketamine control. There was however a significant 

increase in time spent in the stranger compartment with IN at 2 

and 8 g/kg and KET/IN at 8 g/kg of feed and a decrease with 

KET compared to control. Compared to KET, time spent in the 

stranger compartment increased significantly with KET/IN at 

2, 4 and 8 g/kg of feed.   

Figure 5: Effect of inulin on time spent in the arms of the 

elevated plus mase /5 minutes. Each bar represents Mean ± 

S.E.M, *p<0.05 vs. normal control, #p<0.05 vs. ketamine 

control, number of mice/group =10, IN: Inulin: KET: 

Ketamine.  

Figure 6: Effect of inulin on marble burying behaviour measured as 

% alternation/5 minutes. Each bar represents Mean ± S.E.M, *p<0.05 

vs. normal control, #p<0.05 vs. ketamine control, number of 

mice/group =10, IN: Inulin: KET: Ketamine. 

3.7 Effect of on Inulin on social interaction Phase 1I 

Figure 8 shows the effect of inulin on social interaction 

behaviour measured as number of contacts with "Stranger 

mouse. Pairwise comparisons revealed a significant [F(7,72) = 

12.4,  p < 0.001] increase in number of contacts with IN at 2, 4 

and 8 g/kg and KET/IN at 2, 4 and 8 g/kg of feed and a 

decrease with KET compared to control. Compared to KET, 

number of contacts with stranger mouse increased significantly 

with KET/IN at 2, 4 and 8 g/kg of feed. 
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3.8 Effect of Inulin on social memory and social novelty 

Figure 9 shows the effect of inulin on social memory and 

novelty measured as duration of time in the chamber with the 

unfamiliar mouse from the sociability phase ("Stranger 1") and 

in the opposite chamber with a new unfamiliar mouse 

("Stranger 2"). Two factor ANOVA of social memory data 

revealed no significant effect of Treatment [F(7,144) = 1.87 

p<0.078], but a significant effect of chamber (Stranger 1 vs 

Stranger 2) [F(1,144) = 0.923 p<0.338] and significant 

interaction between treatment and chamber [F(7,144) = 5.95 

p<0.004]. Pairwise comparisons revealed a significant decrease 

in time spent in contact with the familiar mouse (stranger 1) 

with IN at 4, KET and KET /IN at 2 compared to vehicle 

control. Compared to KET, time spent in contact with stranger 

1 increased significantly with KET/IN at 4 and 8 g/kg of feed. 

There was also a significant increase in time spent in the 

stranger 2 chamber with IN at 4 and 8 g/kg and KET/IN at 4 

and 8 g/kg of feed and a decrease with KET compared to 

control. Compared to KET, time spent in the stranger 2 

compartment increased significantly with KET/IN at 2, 4 and 8 

g/kg of feed.   

Figure 7: Effect of inulin on social interaction measured as time spent 

in the stranger or empty compartment. Each bar represents Mean ± 

S.E.M, *p<0.05 vs. normal control, #p<0.05 vs. ketamine control, 

number of mice/groups =10, IN: Inulin: KET: Ketamine. 

3.7 Effect of Inulin on beam walking behaviours 

Figures 10 and 11 show the effects of inulin on beam walking 

behaviour measured as latency to cross the beam (figure 10) 

and number of hind limb slips (Figure 11). Pairwise 

comparisons of data of latency to cross the beam revealed a 

significant [F (5, 72) =6.00, p < 0.001] decrease in latency to 

cross the beam with IN at 2 g/kg of feed and an increase with 

IN at 8 g/kg of feed, KET and KET/IN 2, 4 and 8 g/kg of feed 

compared to control. Compared to KET, latency to cross the 

beam decreased significantly with KET/IN at 2, 4 and 8 g/kg of 

feed.   

Pairwise comparisons of data of hind limb slips revealed a 

significant [F (5, 72) =12.00, p < 0.001] increase in hind limb 

slips with compared to control. Compared to KET, number of 

hind limb slips decreased significantly with KET/IN at 2, 4 and 

8 g/kg of feed.   

 

Figure 7: Effect of inulin on social interaction/sociability measured as 

number of contacts with "Stranger mouse”. Each bar represents Mean 

± S.E.M, *p<0.05 vs. normal control, #p<0.05 vs. ketamine control, 

number of mice/groups =10, IN: Inulin: KET: Ketamine. 

Figure 9: Effect of inulin on social memory. Each bar represents 

Mean ± S.E.M, *p<0.05 vs. normal control, #p<0.05 vs. ketamine 

control, number of mice/group =10, IN: Inulin: KET: Ketamine. 

Figure 10: Effect of inulin on latency to cross the beam in the Beam 

balance test. Each bar represents Mean ± SEM, *p<0.05 compared to 

the control group, #p<0.05 compared to the KET group. Number of 

mice/groups =10. IN – Inulin, KET – Ketamine.  
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Figure 11: Effect of inulin on number of hind limb slips in the Beam 

balance test. Each bar represents Mean ± SEM, *p<0.05 compared to 

the control group, #p<0.05 compared to the KET group. Number of 

mice/groups =10. IN – Inulin, KET – Ketamine. 

3.8 Effects of inulin on oxidative stress parameters 

  

Table 1 shows the effect of inulin on hippocampal levels of 

malondialdehyde, total antioxidant capacity, glutathione, total 

protein and nitric oxide levels.  Malondialdehyde (MDA) levels 

decreased significantly with IN at 2, 4 and 8 g, KET/IN at 2, 4 

and 8 g respectively and increased with KET compared to 

control. Compared to KET, MDA levels decreased with KET/IN 

at 2, 4 and 8 g respectively. Total antioxidant capacity (TAC) 

decreased significantly with KET and increased with IN at 8 g 

compared to control. Compared to KET, TAC levels increased 

significantly with KET/IN at 2, 4 and 8 g respectively. Nitric 

oxide levels decreased significantly with IN at 8g, KET and 

KET/IN at 2 and 4 g compared to control. Compared to KET, 

nitric oxide levels increased significantly with KET/IN at 4 and 

8 g respectively.  

3.9 Effects of inulin on histomorphology of the Cornus 

Ammonis  

Plates 1 (A - H) and Plate 2(A-H) are representative 

photomicrographs of haematoxylin and eosin and cresyl violet 

stained sections of the mouse hippocampal cornus ammonis-2 

(CA2) region respectively. Examination of the 

photomicrographs revealed well delineated structure of the 

mouse cornus ammonis showing a layer of tightly bound small 

pyramidal neurons (black arrow) and scattered glial cells and 

some blood vessels in the molecular layer in the control (1A, 

2A), and Inulin at 2 (1B, 2B), 4 (1C, 2C) and 8 g (1D, 2D) 

groups. In the groups administered ketamine (1E, 2E) loss of 

pyramidal neurons are observed with sparsity of pyramidal 

neurons in the pyramidal cell layer. Increased cellularity in the 

molecular layer was also observed. However, in the groups 

administered ketamine with increasing concentrations of inulin 

KET/IN at 2 (1F, 2F), 4g (IG, 2G), and 8g (1H, 2H) varying 

degrees of reversal of ketamine induced changes was observed. 

Table 1: Effect of Inulin on hippocampal oxidative stress 

parameters  

Groups MDA (µM) TAC (mM Trolox 

Equivalence) 

Nitric oxide 

(µM) 

Control 0.59±0.10 8.74±0.63 7.07±0.73 

IN 2 0.42±0.08 7.03±0.45 6.12±0.56 

IN  4 0.32 ±0.05* 7.88±0.66 5.74±0.72 

IN  8 0.33±0.24* 6.31±0.47 3.73±0.13* 

KET 1.88±0.05* 4.75±0.30* 3.80±0.46* 

KET/IN 2 0.50±0.09# 8.87±0.74# 4.58±0.22* 

KET/IN 4 0.27 ±0.03*# 6.03±0.28# 5.58±0.23*# 

KET/IN 8 0.25 ±0.08*# 11.65±0.32*# 6.58±0.24# 

Table 1: showing the hippocampal oxidative stress markers in Data 

represented as Mean ± SEM, *p<0.05 compared to the control group, 
#p<0.05 compared to the KET group. Number of mice/groups =10. IN – 

Inulin, KET – Ketamine. 

3.10  Effects of inulin on the histomorphology of the dentate 

gyrus  

Plates 3(A-H) and Plate 4(A-H) are representative 

photomicrographs of haematoxylin and eosin and cresyl violet 

stained sections of the mouse hippocampal dentate gyrus 

respectively. Examination of the photomicrographs of the 

dentate gyrus revealed well delineated granular cell layer with 

tightly packed granule neurons surrounded by the molecular 

layer within which were observed scattered glial cells in the 

control (3A, 4A), and Inulin at 2 (3B, 4B), 4 (3C, 4C) and 8 g 

(3D, 4D) groups. In the groups administered ketamine (3E, 4E) 

loss of granule neurons were observed with sparsity of granule 

neurons in the granule cell layer of the dentate gyrus cell. In the 

groups administered ketamine with increasing 

concentrations of inulin KET/IN at 2 (3F, 4F), 4g (3G, 

4G), and 8g (3H, 4H) varying degrees of reversal of 

ketamine induced changes was observed. 

Discussion 

For decades, research into the aetiopathogenesis of 

schizophrenia has implicated multifactorial factors including 

stressful life experiences, maternal infections, genetics and 

gene–environment interactions. In recent years, research has 

begun to demonstrate the ability of the gut-microbiome brain 

axis to modulate brain function and structure in health and 

disease. There have also been reports suggesting that the gut-

microbiome-brain axis, plays a crucial role in the development 

and progression of schizophrenia [33-35]. 
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Plate 1(A-H): Representative photomicrograph of haematoxylin and Eosin-
stained sections of the mouse hippocampal cornus ammonis region. 

Photomicrographs revealed distinct layers of the cornus ammonis with 

presence of small pyramidal neurons in the pyramidal cell layer with scattered 
glial (g) cells and some blood vessels (bc) in the molecular layer with presence 
Magnification: x160 

Plate 2(A-H): Representative photomicrograph of haematoxylin and Eosin-

stained sections of the mouse hippocampal cornus ammonis region. 
Photomicrographs revealed distinct layers of the cornus ammonis with 

presence of small pyramidal neurons in the pyramidal cell layer Magnification: 
x160. 

Plate 3 (A-H): Representative photomicrographs showing of the dentate gyrus 

of the hippocampus general structure of experimental animals. Stain – 
Haematoxylin and Eosin stain. Magnification – 160x. GCL – granule cell 

layer. 

 
Plate 4 (A-H): Representative photomicrographs showing of the 

dentate gyrus of the hippocampus general structure of experimental 

animals. Stain – Cresyl violet. Magnification – 160x. GCL – granule 

cell layer. 

While studies are beginning to examine the possible beneficial 

effects of prebiotic inulin on schizophrenia pathogenesis, there 

is still a dearth of scientific information on its possible benefits 

as a therapeutic option in schizophrenia management. In this 

study the possible beneficial effects of inulin on behavioural 

and structural changes in the hippocampus in a mouse model of 

ketamine induced schizophrenia was investigated. Ketamine 

was used to model schizophrenia in this study following 

previously published protocols [36-40]. Similar to the previous 

studies animals demonstrated phenotypes synonymous with 

schizophrenia in humans and rodents [37, 40, 41-43].  

The results of this study showed that in healthy mice, feed-

added inulin reduced feed intake and body weight compared to 

control, while in the groups with ketamine induced-

schizophrenia, an increase in feed intake and body weight was 

observed compared to ketamine control. Several studies [44-

48] have examined the impact of prebiotics like inulin on food 

intake and body weight and reported that inulin could be 

beneficial in inducing weight loss and counteracting weight 

gain. In this study feed-added inulin was associated with 

reduced weight gain in health or disease. Weight loss due to 

inulin has been attributed to its ability to increase gut 

concentration of short chain fatty acids which are gut 

microbiota induced fermentation end-products of inulin [45]. 

The effect of inulin on weight could also be linked to its ability 

to reduce feed intake, increase energy expenditure and decrease 

feed conversion ratio and adiposity index [49]. In this study a 

decrease in feed intake was observed across all groups fed 

inulin compared to control. Also observed was a lag in the time 

a reduction in fed intake was observed (weeks 4, 5 and 6) 

compared to the period when a decrease in body weight was 

observed suggesting that inulin first caused weight loss which 

could be attributed to a possible increase in energy expenditure 

and a reduction in feed conversion ratio resulting in weight loss 
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before a decrease in feed intake ensued. The administration of 

ketamine in this study was associated with an initial steady 

non-significant increase in feed intake which could be 

attributed to the acute effects of N-methyl-D-aspartate 

(NMDA) receptor antagonism [50-52], However a significant 

reduction in feed intake was observed towards the end of the 

study. Compared to ketamine’s effect on feed intake, a 

progressive decline in body weight was observed throughout 

the experimental period. These findings are in keeping with the 

results of previous studies [39, 41, 53] which had reported that 

ketamine administration was associated with decreased feed 

intake and weight loss. In the ketamine groups treated with 

feed-added inulin a normalization of these changes in weight 

and feed intake was observed, buttressing the reports that 

prebiotics like inulin had the ability to reverse schizophrenia 

related changes in weight and food intake [54]. 

Behavioural phenotypes observed in this ketamine model of 

schizophrenia in mice included working memory deficits, 

anxiety related behaviours, social isolation and social 

interaction deficits. Also observed were increased repetitive 

behaviours and altered gait. Studies have associated the 

repeated administration of subanaesthetic doses of ketamine in 

rodents with the development of positive symptoms like 

working-memory deficits [55], and negative symptoms like 

social-interaction deficits [37] corroborating the results of this 

study. The ability of ketamine to accentuate repetitive 

behaviours particularly self-grooming has been reported 

severally [37-40]. In this study using the marble burying test 

we observed increased repetitive behaviours. The marble 

burying test has been suggested to be valuable for the 

quantification of repetitive/compulsive behaviours and anxiety 

[56], although it still requires proper validation [57]. In this 

study, compared to vehicle control an increase in marble 

burying behaviour was observed in the group of mice 

administered ketamine alone. Repetitive behaviours have been 

described as one of the behavioural phenotypes in 

schizophrenia [58, 59]. Although initially considered to be rare 

behavioural phenotype in schizophrenia; recent reports are 

beginning to demonstrate its increased prevalence and 

association with poor treatment outcomes [60, 61]. There have 

been suggestions that compulsive behaviours and psychosis 

possibly share common neurotransmitter pathways or loci [61]. 

In this study the administration of inulin was observed to 

reverse the effects due to ketamine on marble burying 

behaviour. Also, the response of inulin when administered 

alone or in a background of ketamine was similar to the 

response observed with grooming (in previous reports from our 

laboratory) suggesting also the possibility that similar 

neurotransmitter circuits modulate repetitive behavioural 

response observed in both tests 

Repeated ketamine administration has also been associated 

with the development of anxiety related behaviours [38, 39], 

Likewise in this study we observed a decrease in time spent in 

the open arm of the elevated plus maze in mice in the group 

administered ketamine. The anxiolytic effects of prebiotic 

inulin have been reported severally [62-64]. However, in this 

study, inulin administered at 2 and 4 g/kg of feed in healthy 

was associated with increased anxiety. In the groups 

administered inulin with ketamine a reversal of ketamine-

induced anxiety response was observed. Several studies have 

examined inulin’s effect on anxiety and reported an anxiolytic 

response contrary to the anxiogenic response observed in this 

study. In the majority of these studies’ inulin effect was 

assessed in a background of ill health [62-66], the anxiolytic 

response which is corroborated in this study with inulin 

reversing ketamine induced anxiogenic response. This would 

suggest that in health the administration of inulin could cause 

mild anxiety with a more beneficial effect in reversing anxiety. 

This is further supported by reports that attribute inulin’s 

ability to reverse anxiety to the reduction of oxidative stress 

which was also observed in this study.  

Historical characterization of behavioural phenotypes in 

schizophrenia had strongly associated the presence of motor 

dysfunctions as an integral part of schizophrenia diagnosis 

however, the advent of treatment relegated this symptom to a 

common side effect of antipsychotics, eventually becoming 

absent from the modern diagnostic criteria [67, 68]. In the last 

few decades, motor dysfunction such as gait and balance 

deficits are emerging as important features in schizophrenia 

diagnosis [69, 70]. In this study, ketamine administration was 

associated with functional immobility measured as an increase 

in latency to cross the balance beam, corroborating the result of 

a few studies that had examined ketamine’s ability to impair 

functional mobility in rodents [71]. In this study, ketamine 

administration increased functional immobility, Inulin on the 

other hand showed a dose related response with lower doses 

showing reduction in time spent crossing the beam and the 

highest does associated with increased latency to cross the 

beam when compared to control. In groups administered 

ketamine with inulin a reversal of ketamine-induced latency to 

cross the beam. Inulin’s positive effects on motor coordination 

observed in this study corroborates the reports of a few studies 

that have also reported inulin’s ability to mitigate repetitive 

behaviours in mice [70].  

Loss of social interaction and social isolation are core negative 

symptoms of schizophrenia [72-74]. In this study, ketamine 

administration was associated with loss of social interaction 

and preference for empty chamber (social isolation). This 

behavioural response corroborates the result of previous studies 

that had demonstrated that deficits in social interaction were 

consistent features in both preclinical and clinical 
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schizophrenia   studies [38, 39, 73, 74]. Feed added inulin on 

the other hand was associated with increased social interaction 

either in groups administered inulin alone or in the ketamine-

inulin groups, corroborating the results of studies that had 

associated inulin use with a reversal of social interaction 

deficits [75, 76]. Inulin, ‘s ability to influence social interaction 

behaviours have been linked to its ability to mitigate stressful 

conditions like anxiety (also observed in this study) and 

modulate the gut microbiome [77]. Deficits in social 

interaction have also been linked to deficits in social cognition    

In this study ketamine was associated with working memory 

deficits [40], however in groups treated with inulin a reversal 

of working memory loss was observed.     Inulin’s ability to 

reverse memory deficits have been linked to its ability to 

restore gut microbial dysbiosis, reduce oxidative stress, 

neuroinflammation, and also increase the levels of brain-

derived neurotrophic factor [78].  

The result of this study also showed that ketamine negatively 

altered lactobacillus count and cause gut microbial dysbiosis. 

While in the groups administered inulin-alone or in 

combination with ketamine increased lactobacillus composition 

was observed. Inulin’s ability to positively impact lactobacillus 

count and by extension modulate gut microbiota composition 

of beneficial bacteria has been reported severally [79. 80]. 

Studies have associated inulin’s effect with the ability to 

increase the growth and survival of lactobacillus [81]. The 

observed changes in the microbiota composition also 

corresponds to the observed effect on weight and feed intake. 

There have been reports that inulin mitigates weight gain 

through its ability to increase lactobacillus count [76]. 

Histopathological examination of hippocampus revealed loss of 

pyramidal neurons in the CA2 region, and loss of granule 

neurons in the dentate gyrus regions of the hippocampus. The 

effects observed with ketamine corroborate the result of an 

earlier study that had reported evidence of neurodegenerative 

changes in the hippocampus following ketamine administration 

[41]. The administration of inulin was associated with 

mitigation of these ketamine induced morphological changes in 

the hippocampus.    

Conclusion 

This study highlights the potential therapeutic benefits of inulin 

in mitigating ketamine-induced schizophrenia-like symptoms. 

The significant improvements noted in gut microbiota 

composition, and hippocampal structural integrity suggest that 

inulin may serve as a viable prebiotic intervention in 

schizophrenia. However, further studies are necessary to 

determine its benefits in humans. 
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