
International Journal of Environmental Sciences   
ISSN: 2229-7359 
Vol. 11 No. 18s, 2025  
https://www.theaspd.com/ijes.php  
 

2502 

 

The Evalution Of Acetyl-11-Keto-Beta-Boswellic Acid (AKBA)- 
On Induced Autism In A Mice Model 
 
AL-Hasan Waleed Jawad1, Hamid Redha Sadeghnia2 Salman Mohammed Salman3* 
1Medicine college, Babylon University, Iraq  hasanshemary@yahoo.com 
2Medicine College, Mashhad University, Iraq hsadeghnia@gmail.com 
3Medicine College, Babylon University, Iraq med.salman.salman@uobabylon.edu.iq 
 
Abstract 
Background: Autism spectrum disorder (ASD), a neurodevelopmental condition, is characterized by difficulties in social 
interaction and communication that manifest in early childhood. The only authorized medications for the treatment of 
ASD are risperidone and aripiprazole.  
Objectives: The research aims to demonstrate the possible therapeutic effects of acetyl-11-keto-beta-boswellic acid on an 
induced offspring model of autism. Additionally, to assess the influence of AKBA on interleukin-6 (IL-6) and tumor 
necrosis factor-alpha (TNF-α).  
Materials and Methods: We induced the condition in mice by injecting sodium valproate (600 mg/kg) to pregnant 
mice. Prenatal sodium valproate-exposed mice were divided into four distinct groups: two experimental groups received 
AKBA (5mg/kg and 15mg/kg) and risperidone (1mg/kg), while a control group was administered normal saline. 
Behavioral tests, including social interaction tests, were segmented into three phases: habituation, familiarization, and 
testing, each lasting 10 minutes, and were performed on postnatal day 65. Additionally, assessments of anti-inflammatory 
markers such as TNF-α and IL-6 were done on postnatal day 66.  
Results: The study showed AKBA markedly enhanced behavioral abnormalities related to social communication and 
reduced neuro-inflammation in the brain. AKBA treatment significantly improved the cognitive performance of ASD mice 
via modulating neurogenesis, likely linked to the potent antioxidant and anti-inflammatory properties of AKBA. 
Conclusion: AKBA had significant anxiolytic and anti-inflammatory effects that enhanced behavioral activity in the 
mice. These data indicate that AKBA may represent a viable therapeutic option for persons with ASD. 
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INTRODUCTION 
Autism spectrum disorders (ASD) are developmental diseases characterized by deficits in communication, 
social interaction, and rigid behavior, often shown via limited and repetitive activities and reduced 
adaptation to environmental changes [1]. The disease is affected by a combination of epigenetic, 
environmental, and genetic variables throughout early prenatal and postnatal infancy [2].  
At least 70% of individuals with Autism Spectrum Disorder exhibit co-occurring symptoms, making this 
occurrence expected rather than the exception.  
The chemical basis suggests that many brain neurotransmitters, including dopamine (DA), serotonin (5-
HT), gamma-aminobutyric acid (GABA), acetylcholine (ACh), glutamate (Glu), and histamine (HA), have a 
role in the development and evolution of ASD [3].  
The current evidence-based therapy for Autism Spectrum Disorder in children mostly focuses on behavioral 
interventions to alleviate the core symptoms of the disorder. The importance of pharmacological therapies 
escalates with age and mostly addresses comorbid diseases linked to ASD. Risperidone and aripiprazole are 
the only medications approved by the Food and Drug Administration (FDA) for addressing irritability 
associated with Autism Spectrum Disorder (ASD) [4]. We will use the mice model owing to the significant 
evolutionary affinity between mice and humans, International Journal of Environmental Sciences   
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along with their same genetic makeup, biological mechanisms, neurological pathways, and, to some extent, 
behaviors. While ASDs are exclusive to humans, extensive behavioral research on mice may clarify several 
fundamental deficits linked to these diseases [5].  
This investigation used acetyl-11-keto-beta-boswellic acid (AKBA) as a potent neuroprotective drug, since 
previous studies have shown its considerable antioxidant and anti-inflammatory properties in relation to 
neurological disorders. Thus, AKBA demonstrated its use in our investigation.  
ASD includes a range of problems classified into two primary categories:  
Genetic illnesses, characterized by features linked to autism spectrum disorder including fragile X syndrome, 
intellectual disabilities, and tuberous sclerosis complex.  
Idiopathic, indicating that the causes are unidentified. Idiopathic forms of Autism Spectrum Disorder (ASD) 
have been referred to by several labels throughout the years, including persistent developmental problems 
and Asperger syndrome. Regarding gender, there was a significant difference between males and females 
(autistic children) in the concentration of copper in saliva. [6]. 
 
MATERIALS AND METHODS 
Experimental animals 
 This study was conducted on 60 healthy albino mice (40 female and 20 male) weighing 25-40 g and aged 12 
weeks obtained from the Ministry of Science and Tikrit in salah aldeen/ Iraq. They were kept to live in the 
animal house of the College of the Medicine/University of Babylon and kept in typical cages made of plastic 
at a temperature (25±5 °C) at 60±5% humidity and 12 hr. light/dark cycle, and had free access to food pellets 
and water. this study was done in the college from (1/10/2024 to 1/3/2025). 
Mating and vaginal smear 
After a two-week period of accommodation, split the mice into 20 groups, including one male and two females 
in each group for mating purposes. Inspect the female mice for the existence of a vaginal plug to verify that 
mating has occurred after nocturnal mating. Copulatory plugs are essential for sperm viability and ejaculate 
retention. Mice possess a prominent copulatory plug that adheres to the cervix and vaginal canal for 24 to 48 
hours post-ejaculation [7]. Elevate the female mouse by the tail's base to momentarily elevate the hind limbs. 
A cotton-tipped swab may be used to detect the copulatory plug by searching for an off-white seminal 
coagulum next to the vaginal opening. The cotton-tipped swab cannot penetrate the vaginal canal if the 
copulatory plug is present. 
Preparation of animals and induction of autism 
 The pregnant female mice split into two groups on the 12th day of gestation. The control groups, which 
consisted of ten subgroups each one had two pregnant mice were given only saline solution for injection 
intraperitoneally (i.p.). The experimental groups also consisted of ten subgroups each one had two pregnant 
mice, were received a single i.p. injection of sodium valproate at a dosage of 600 mg/kg to establish the 
experimental model of autism [8].  
Preparation of drugs 
  Sodium valproate is used as a powder for injection under the brand name Depakine® from Sanofi company 
at a concentration of 400 mg of Sodium Valproate per 4 ml reconstitution. The powder was dissolved in water 
for injection and given as a single intraperitoneal injection at a concentration of 600 mg/kg body weight after 
dilution with 0.9% sodium chloride solution. 
The resulting powder of AKBA was dissolved in water at strength of 1mg/10mL. The powder was then 
delivered orally at a dosage of 5mg/kg and 15mg/kg body weight for 20 day     
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 Risperidone is used as a solution dosage form under the name Risperdal from Janssen company at a 
concentration of 1mg/ml. The solution was given orally by gavage tube after dilution with distilled water at a 
dosage of 1mg/kg body weight during the course of twenty days. 
 
Experimental design 
The offspring mice were separated from the mothers on the 40th postnatal day and divided into 8 groups, 
each of them consisted of 10 animals: 
Group I (control-saline group): received normal saline orally for 20 days. 
Group 2 (control-AKBA group): received AKBA 5mg/kg orally for 20 days 
Group 3 (control- AKBA group): received AKBA 15 mg/kg orally for 20 days. 
Group 4 (control-risperidone group): received risperidone 1 mg/kg orally for 20 days (Esraa et al., 2022). 
Group 5 (sodium valproate [VPA]-saline group): received normal saline orally for 20 days. 
Group 6 (VPA- AKBA group): received AKBA 5mg/kg orally for 20 days (Suzan et al., 2022). 
Group 7 (VPA- AKBA group): received AKBA 15 mg/kg orally for 20 days. 
Group 8 (VPA-risperidone group): received risperidone 1 mg/kg orally for 20 days (Esraa et al., 2022). 
Social interaction test 
The test was performed in a three-chamber attached in rectangular shape measuring (42 cm × 19 cm × 22 
cm). Each chamber was accessible through one of two apartus, each measuring 10 cm x 8 cm. The test lasted 
for 15 minutes and consisted of three phases each phase continued for 5minute. The starting location for 
each phase is the central chamber.  
 In phase I (adaptation), the test mouse was placed in the central chamber of the apparatus, with the other 
two compartments closed, and given five minutes to investigate their surroundings. 
 In phase II (familiarization), The test mouse was positioned in the center place of the apparatus, and the 
doors to the lateral chamber were opened, with no wire cage or stimulus mouse present during this phase. A 
test mouse was let pass through the three-chambered apparatus freely for 5 minutes, during which the 
frequency of its movements between locations was recorded to provide a baseline for the animal's behavior 
(figure 1). 
 

 
Figure 2: The movement of the mouse from chamber to chamber in social interaction test     
   
Phase III (Sociability), At the midpoint of each lateral chamber, which has a wire cup with a diameter of 10 
cm, an unknown mouse was placed in the wire cup of the right chamber, while the wire cup of the left 
chamber remained vacant. The testing mouse was placed in the central chamber and allowed unrestricted 
access to investigate all three chambers. The experiment seeks to determine if the testing mouse favors a social 
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setting over a non-social one by comparing the duration spent alone in a wire cup chamber to the duration 
spent with an unknown mouse (figure 2). 

 
Figure 3: Experimental mouse spending time with strange mouse in social interaction test 
 
Decapitation of mice and isolation of brain 
After departing 24 hours following the last treatment dose and completion of a series of behavioral tests, mice 
were decapitated. Surgical shears were used to cut off the head from the body. The skull was revealed by 
making a midsagittal scalp incision, pulling back the skin, and then using sharp scissors to open 
the skull's back. Using forceps, the skull was peeled back to reveal the mouse's brain. The brain was carefully 
removed from the skull and then the olfactory bulb and cerebellum were severed taking only two brain's 
hemispheres. Two hemispheres were washed by using phosphate-buffered saline PBS 10% (w/v). The brain 
was then promptly cooled by placing them in eppendorf tube on ice. After which placed in the refrigerator 
and frozen at -20°C. 
Anti-inflammatory assessment 
Using an enzyme-linked immunosorbent assay kit, the IL-6 and TNF-α concentrations in the tissue were 
determined. 
Ethical approval  
The committee of publication ethics in the College of Medicine / University of Babylon in Iraq approved this 
study. According to document no, a local ethics committee agreed on the study protocol, on 1/9/ 2024. 
Statistical analysis 
The 26th edition of the Statistical Package for the Social Sciences (SPSS) was used for data processing, data 
entry, and analysis. The study's results were examined using a one-way analysis of variance (ANOVA) and post 
hoc least significant difference testing. Independent samples t-test was used to compare the mean length of 
the tail between VPA and control groups. The results were shown as (Means ± SEM). The mean rates of tail 
abnormalities were compared between groups using a chi-squared test and the results were shown as 
percentages. P-values of (p≤  0.05( and )p≤  0.001( were used to classify differences as statistically significant 
and highly significant respectively. 
 
RESULTS 

Social interaction test  
A-Number of transitions between chambers 
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The number of transitions between chambers was considerably decreased (p≤ 0.001) in the VPA-saline group 
relative to other groups, whereas it was significantly increased (p≤ 0.001) in both low and high-dose VPA-
AKBA and VPA-risperidone groups compared to the VPA-saline group.  
The number of transitions between chambers was markedly increased (p= 0.039), (p= 0.044), and (p= 0.01) 
in the high-dose control-AKBA group compared to the control-saline, low-dose control-AKBA, and control-
risperidone groups, respectively. 
 (figure 4). 

 
Figure 4: Effect of acetyl-11-keto-beta-boswellic acid and risperidone on the number of transitions between 
chambers in social interaction test. The results expressed as (Means ± SEM). No. of mice = 10 for each group 
 
B-Time spent with strange mice 
The time spent interaction with strange mice was considerably increased (p≤ 0.001) in both low and high-
dose VPA-AKBA and VPA-risperidone groups compared to the VPA-saline group, whereas it was significantly 
reduced (p≤ 0.001) in the VPA-saline group relative to the other groups.  
The time spent  with the strange  mice was markedly increased (p= 0.04) in the high-dose VPA-AKBA group 
relative to the VPA-risperidone group, and significantly increased (P= 0.006) and (p=0.022) in the high-dose 
control-AKBA group compared to the control-saline and control-risperidone groups, respectively. 
(figure 5). 
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Figure 5: Effect of AKBA and risperidone on the time spent with strange mice in social interaction test. The 
results expressed as (Means ± SEM). No. of mice = 10 for each group. 
Anti-inflammatory tests 
A-Tumor necrosis factor alpha (TNF-α) 
The concentration of TNF-α was highly significantly raised (p≤ 0.001) in the VPA-saline group as compared 
with other groups and the concentration of TNF-α was highly significantly reduced (p≤ 0.001) in both low 
and high-dose VPA-AKBA and VPA-risperidone groups as compared with the VPA-saline group. 
     The concentration of TNF-α significantly declined (p= 0.028) and (p= 0.014) in both low and high-dose 
control-AKBA groups respectively as opposed to the control-saline group (figure 6). 

 
Figure 6: Effect of AKBA and risperidone on the concentration of  TNF-α. The results expressed as (Means 
± SEM). No. of mice = 10 for each group.  
 
B-Interleukin-6 (IL-6) 
     The level of IL-6 was highly significantly reduced (p≤ 0.001) in high-dose control-AKBA group in contrast 
to the control-saline group, while the level of IL-6 was significantly decreased (p= 0.024) and (p= 0.018) in 
low-dose control-AKBA and control-risperidone groups respectively as compared with the control-saline 
group. 
     The concentration of IL-6 was highly significantly increased (p≤ 0.001) in the VPA-saline group as opposed 
to other groups and the concentration of IL-6 was highly significantly declined (p≤ 0.001) in VPA-risperidone 
and both high and low dose VPA-AKBA groups as compared with the VPA-saline group (figure 7). 

 
Figure 7: Effect of AKBA and risperidone on the concentration of IL-6. The results expressed as (Means ± 
SEM). No. of mice = 10 for each group.  
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DISCUSSION 
The present investigation is the first to investigate if AKBA has an impact on ASD. By injecting sodium 
valproate into the peritoneal cavity of pregnant mice on gestational day 12, the researchers seek to create an 
animal model of autism. Mice given sodium valproate during prenatal development showed the following 
behavioral changes: (i) decreased sociability and social creativity; (i) increased locomotor activity, including 
higher anxiety scores and decreased explorative action; (ii) increased oxidative stress; and (iv) increased release 
of inflammatory cytokines. In contrast, AKBA and risperidone treatment increased the offspring's behavioral 
difficulties while decreasing oxidative stress and neuroinflammation. 
Effects of AKBA and Risperidone on the Social Interaction Test Results: 
Autism spectrum disorder is a group of neurodevelopmental diseases characterized by social and 
communication issues [9] . The findings of this investigation demonstrate that mice prenatally exposed to 
VPA had a lower preference for social engagement (number of transitions between chambers and time spent 
with stranger animals) compared to controls (figures 3.7, 3.8), which is consistent with prior research. Social 
dysfunction may result from a variety of circumstances, including cognitive deficits necessary for identifying 
and processing socially significant signals, as well as an inability to adjust to changing social contexts .  
Meanwhile, therapy with AKBA and risperidone improved social behavior in VPA prenatally exposed mice. 
These findings are consistent with previous research.  
This study found that AKBA at doses of 5mg/kg and 15mg/kg increased both the duration of time spent 
with unfamiliar mice and the number of transitions between chambers in the ASD mice model, and that the 
high dose 15mg/kg VPA-AKBA increased the duration spent with stranger mice compared to the VPA-
risperidone group.  
In the control groups, the high dose of 15mg/kg control-AKBA resulted in a significant increase in the 
number of transitions between chamber tests compared to the control-saline and control-risperidone groups 
(figure 3.7). These findings suggest that at a dose of 15mg/kg, AKBA has a greater positive effect on social 
behavior than risperidone. Treatment with AKBA plus risperidone improved the poor social interactions of 
VPA-treated mice. 
Anti-inflammatory activity of AKBA and risperidone assessed by TNF-α and IL-6 levels: 
Neuropathology is described by the generation of inflammatory cytokines, such as IL-6 and TNF-a, among 
other inflammatory cytokines. When the values of the VPA-saline group were compared to the values of the 
control group, the results showed that there was a significant rise in the TNF-a and IL-6 levels in the VPA-
saline group's supernatants (figure 3.15) (figure 3.16). This is consistent with the findings of the earlier 
research [10]. 
By the activation of a cascade of events involving chemokines, cytokines, and growth factors, TNF-a is able to 
cause an inflammatory response. Inflammatory reactions can be caused by IL-6 acting as a trigger in the 
nuclear factor kappa B (NF-kB) signal transduction pathway, which stimulates the transcription and releasing 
of subsequent inflammatory mediators. It is possible for pro-inflammatory cytokines to trigger the production 
of reactive oxygen species (ROS), which in turn may activate the transcription factor NF-kB and result in an 
inflammatory response. NF-kB is then moved into the nucleus, where it activates a number of genes involved 
in the inflammatory response [11]. 
The treatment of mice that had been prenatally exposed to VPA with AKBA and risperidone resulted in a 
reduction in the levels of the inflammatory cytokines TNF-a and II-6. The levels of TNF-a and IL-6 were 
reduced in the VPA-risperidone group when compared with the VPA-AKBA groups, and these amounts were 
also significantly decreased in the 15mg/kg AKBA group in comparison with the 5mg/kg AKBA group[12]. 
The level of IL-6 significantly declined in the low-dose control-AKBA and control-risperidone groups and 
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highly significantly declined in the high-dose control-AKBA as opposed to a control-saline group (figures 3.15, 
3.16). These results indicate that both AKBA and risperidone had potent anti-inflammatory activity. 
 
CONCLUSION 
The following can be concluded based on the findings of the current investigation. 
1- The data from the results shows increased in social activity with stranger mouse and number of 
Transition between chambers after treatment with AKBA for 20 days in social interaction test. 
2- AKBA can ameliorate ASD-like symptoms (hyperactivity, anxiety and fearing), so it has potent 
anxiolytic activity in open field test. 
3- According to the results, it could be concluded that AKBA had strong antioxidant and free radical 
scavenger activities as compared with risperidone. At the dose 5mg/kg, AKBA had stronger effect on lipid 
peroxidation (MDA) than risperidone. 
4- AKBA had potent anti-inflammatory effect by decreasing IL-6 and TNF-a in ASD mice, but this effect 
is less as compared with risperidone. 
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