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Abstract

Early life stress (ELS) disrupts neurodevelopment and stress regulation, leading to persistent
stimulation of hypothalamic-pituitary-adrenal (HPA) axis activity and increased vulnerability to
neuropsychiatric and metabolic disorders. Phenobarbital (PB), a GABAergic agonist, may influence
HPA axis function, but its role in mitigating ELS-induced dysregulation remains unclear. This study
investigates PB’s effects on HPA axis activity in ELS-exposed Wistar rats by assessing locomotor
behavior, adrenocorticotropic hormone (ACTH), and corticosterone levels. Findings may reveal
PB’s potential in restoring neuroendocrine balance and improving stress-related outcomes. Rats
were divided into five groups, including ELS and PB-treated groups receiving low (10 mg/kg),
medium (30 mg/kg), or high (50 mg/kg) doses for 90 days. HPA activity was assessed using the
open field test and hormonal analysis of ACTH and corticosterone levels. Data were analyzed using
mixed model ANOVA, with significance set at p < 0.05. Ethical approval was obtained from the
Kabarak University Research and Ethics Committee (REF — KUREC 060424). Open field test results
showed reduced locomotor activity in the ELS group, with PB treatment improving movement in
a dose-dependent manner. ACTH and corticosterone levels were significantly elevated in the ELS
group but decreased with PB administration, with high-dose PB (HDPB) showing the most
improvement. Statistical analyses confirmed significant effects of the intervention and time on
hormone levels. These findings suggest PB may help normalize HPA axis activity in stress-related
conditions. ELS led to increased ACTH and corticosterone levels, along with reduced locomotor
activity. PB treatment reduced these effects in a dose-dependent manner, with high-dose PB
(HDPB) showing the greatest improvement. Findings suggest PB enhances GABAergic inhibition to
restore HPA axis balance. Further research is needed to assess long-term effects and underlying
molecular mechanisms.
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1.0 Introduction

Early life stress (ELS) has been recognized as a critical factor influencing long-term physiological
and behavioral outcomes, with profound effects on neurodevelopment, stress regulation, and
overall health (Maniam et al., 2014). Exposure to ELS, such as maternal separation, childhood
neglect, or early adverse experiences, has been strongly linked to heightened vulnerability to
neuropsychiatric disorders, including anxiety, depression, and cognitive impairments (Shin et al.,
2023). One of the primary physiological consequences of ELS is hyperactivity of the hypothalamus-
pituitary-adrenal (HPA) axis, which leads to sustained dysregulation of stress hormone levels. In
humans, this manifests as excessive cortisol secretion, while in rodents, corticosterone (CORT)
serves as the primary glucocorticoid involved in stress regulation (Essex et al., 2011). Persistent
HPA axis dysregulation contributes to altered emotional processing, increased anxiety-like
behavior, and metabolic disturbances such as insulin resistance and obesity (Hsu et al., 2021).

The HPA axis is tightly regulated by a negative feedback loop, in which circulating cortisol or
corticosterone binds to glucocorticoid receptors (GR) in the hippocampus and other brain regions
(Sheng et al., 2021). This activation of GRs enhances inhibitory GABAergic signaling, reducing
corticotropin-releasing hormone (CRH) secretion from the hypothalamic paraventricular nucleus
(PVN) (Dixon et al., 2019). Lower CRH levels subsequently lead to decreased adrenocorticotropic
hormone (ACTH) release from the pituitary gland and reduced CORT secretion from the adrenal
cortex (Charmandari et al.,, 2005). Chronic ELS can impair this feedback mechanism by
downregulating hippocampal GR expression, leading to GABAergic neuronal degeneration and
diminished inhibition of CRH release. This results in prolonged HPA axis hyperactivity, exacerbating
stress-related pathologies (Dixon et al., 2019).

Phenobarbital (PB), a long-acting barbiturate, is widely used for its sedative, anticonvulsant, and
neuroprotective properties (Reddy et al., 2020). It acts primarily by enhancing GABAergic
transmission, thereby promoting neuronal inhibition (Chen et al.,, 2012). Beyond its classical
pharmacological effects, recent studies suggest that PB may also modulate neuroendocrine
functions, including HPA axis activity (Faruk et al., 2022). However, the potential role of PB in
mitigating ELS-induced HPA axis hyperactivity remains largely unexplored. This study investigated
PB’s potential to normalize HPA axis function and mitigate stress-related disorders. This study
aimed to evaluate the ameliorative effects of phenobarbital on ELS-induced hyperactivity of the
HPA axis in adult Wistar rats. By assessing both behavioral responses and hormonal fluctuations,
the study sought to determine whether PB administration can effectively modulate stress-related
alterations in locomotor activity and normalize ACTH and corticosterone levels. These findings may
have broader implications for developing novel interventions for individuals exposed to early life
stress.
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2.0 Materials and methods

2.1 Experimental animals

The current study adopted a laboratory based experimental design and utilized Wistar rats as the
experimental subjects. Primiparous rats, aged 8-10 weeks, were obtained from the institutional
breeding facility—Small Animal Facility for Research and Innovation (SAFARI). Breeding was carried
out using a harem mating protocol to obtain offspring. Twenty pups were subsequently assigned
to five experimental groups (N=4): Normal, Early life stress (ELS), Low Dose Phenobarbital (LDPB),
Medium Dose Phenobarbital (MDPB) and High Dose Phenobarbital (HDPB).

2.2 Experimental protocol
Experimental groups were subjected to various intervention as indicated below:
e Normal Control (NC): Rats without Early Life Stress (ELS) and no treatment.
e ELS Group (ELS): Rats subjected to ELS without phenobarbital treatment.
e Low-Dose Phenobarbital Group (LDPB): ELS rats receiving 10 mg/kg of phenobarbital.
e Medium-Dose Phenobarbital Group (MDPB): ELS rats receiving 30 mg/kg of phenobarbital.
e High-Dose Phenobarbital Group (HDPB): ELS rats receiving 50 mg/kg of phenobarbital

Early life stress was induced between postnatal day (PND) 2 and PND 21 by separating pups from
their dams (maternal separation) for 4 hours daily. After weaning, all animals were housed under
standard laboratory conditions with a 12-hour light-dark cycle, controlled temperature, and ad
libitum access to food and water. At eight weeks of age and for 90 days, phenobarbital was
administered daily to LDPB, MDPB and HDPB groups via intraperitoneal injection. The normal and
ELS groups received vehicle treatment.

2.3 Assessment of HPA hyperreactivity

The hyperreactivity of the HPA axis was evaluated using open field test (OFT) and hormonal assay.
Hormones assayed include the ACTH and Corticosterone. The measurements were done on day O,
30, 60 and 90 of PB administration

2.4 Open Field Test

To perform Open Field Test (OFT), rats were placed in a square open-field arena, and their
movements were recorded for 10 minutes using a video recorder. The total distance traveled by
the experimental animal was estimated. Reduced locomotion were considered sign of HPA axis
hyperactivity (Faruk et al., 2022).

2.5 Hormonal Analysis

To perform hormonal analysis blood samples were collected at baseline (0 days), 30, 60, and 90
days after the start of phenobarbital administration. Plasma adrenocorticotropic hormone (ACTH)
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and corticosterone (CORT) concentrations were measured using direct enzyme-linked
immunosorbent assay (ELISA) using commercial ELISA kits (Elabscience®).

2.6 Statistical analysis

Comparison across groups and time points was done using two-way ANOVA with repeated
measures. Post hoc statistical analysis with Tukey was performed to identify where the differences
lie. Results were expressed as mean * standard deviation, and significance was determined at a p-
value < 0. 05

2.7 Ethical consideration

Ethical conduct was observed throughout the course of this study. All protocols in this study were
designed to meet the set standards for the use of animals in research. Ethical approval was sought
from the Kabarak University Research and Ethics committee (REF — KUREC 060424).

3.0 Results

3.1 Open field test

A two-way ANOVA was conducted to assess the effects of experimental group and time on
locomotor activity (distance covered in cm) during Open filed test. There was a statistically
significant main effect of group, F (4, 60) = 91.77, p < .001, indicating that locomotor activity
differed significantly among the experimental groups. However, the interaction effect between
group and time was not statistically significant, F (12, 60) = 1.152, p = .338, indicating that the effect
of group on locomotor activity did not vary across time points. Additionally, there was no significant
main effect of time, F (3, 60) = 1.381, p = .257, suggesting that locomotor activity remained
relatively stable over the 90-day period. Post hoc comparisons revealed that the normal (Norm)
group covered significantly more distance than the early life stress (ELS) group at all time points (p
< .001). Further, the phenobarbital-treated groups (LDPB, MDPB, HDPB) demonstrated
improvements compared to the ELS group, with the high-dose phenobarbital (HDPB) group
exhibiting the most substantial recovery in locomotor activity. These findings are presented in
Figure 1
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Figure 1: Distance covered in the open field test across experimental groups over time.
Note: Open field test showing the distance covered (cm) by different groups over time (0, 30, 60,
and 90 days). The normal (Norm) group exhibited the highest locomotor activity, while the early life
stress (ELS) group showed significantly reduced movement. Phenobarbital treatment (LDPB, MDPB,
HDPB) improved locomotor activity in a dose-dependent manner, with HDPB showing the most
recovery. Statistical significance: ns = not significant, *p <.05, **p < .01, *** p <.001.

3.2 ACTH concentration

A two-way ANOVA was conducted to examine the effects of group and time on
adrenocorticotropic hormone (ACTH) levels (pg/mL). The interaction effect between group and
time was statistically significant, F (12, 60) = 2.499, p = .010, indicating that the effect of group on
ACTH levels varied across time points. Additionally, there was a significant main effect of time, F
(3, 60) =14.91, p < .001, suggesting that ACTH levels changed over the 90-day period. There was
also a significant main effect of group, F (4, 60) = 76.59, p < .001, indicating that ACTH levels
differed among the experimental groups. Post hoc comparisons revealed that the early life stress
(ELS) group exhibited significantly higher ACTH levels compared to the normal (Norm) group at all
time points (p < .001). The phenobarbital-treated groups (LDPB, MDPB, HDPB) demonstrated a
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reduction in ACTH levels over time, with the high-dose phenobarbital (HDPB) group showing the
most pronounced decrease. However, at certain time points (e.g., 60 and 90 days), differences
between treatment groups were not always statistically significant. These findings are shown in
Figure 2.
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Figure 2: Adrenocorticotropic hormone (ACTH) levels across experimental groups over time.
Note: ACTH levels (pg/mL) were significantly elevated in the early life stress (ELS) group compared
to the normal (Norm) group at all time points. Phenobarbital treatment (LDPB, MDPB, HDPB)
reduced ACTH levels over time, with the high-dose (HDPB) group showing the most improvement.
Statistical significance: ns = not significant, *p < .05, **p < .01, *** p <.001.

3.3 Corticosterone concentration

A two-way ANOVA was conducted to assess the effects of group and time on corticosterone (CORT)
concentration (ng/mL). The interaction effect between group and time was statistically significant,
F (12, 60) = 5.185, p < .001, indicating that the effect of group on CORT levels varied over time.
Additionally, there was a significant main effect of time, F (3, 60) = 9.652, p < .001, suggesting that
CORT levels changed significantly over the 90-day period. A highly significant main effect of group
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was observed, F (4, 60) = 101.3, p < .001, indicating substantial differences in CORT levels among
the experimental groups. Post hoc comparisons revealed that the early life stress (ELS) group had
significantly higher CORT concentrations compared to the normal (Norm) group at all time points
(p < .001). The phenobarbital-treated groups (LDPB, MDPB, HDPB) showed reductions in CORT
levels compared to the ELS group, with the high-dose phenobarbital (HDPB) group exhibiting the
most pronounced decrease. However, at later time points (30, 60, and 90 days), differences
between the treatment groups were not always statistically significant. These findings are shown
in Figure 3.
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Figure 3: Corticosterone (CORT) concentration across experimental groups over time.
Note: CORT levels (ng/mL) were significantly elevated in the early life stress (ELS) group compared
to the normal (Norm) group at all time points. Phenobarbital treatment (LDPB, MDPB, HDPB)
progressively reduced CORT levels, with high-dose phenobarbital (HDPB) showing the greatest
reduction. Statistical significance: ns = not significant, *p <.05, **p < .01, *** p <.001

4.0 Discussion

The present study investigated the ameliorative effects of phenobarbital on early life stress (ELS)-
induced hyperactivity of the hypothalamus-pituitary-adrenal (HPA) axis in adult Wistar rats. The
findings demonstrated that ELS led to significant increase in HPA axis activity, as evidenced by
increased adrenocorticotropic hormone (ACTH) and corticosterone (CORT) levels, as well as
reduced locomotor activity. However, phenobarbital administration mitigated these effects in a
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dose-dependent manner, with the high-dose group (HDPB) exhibiting the most pronounced
improvements.

Our results align with previous research demonstrating the long-term impact of early life stress on
HPA axis hyperactivity. Studies have reported that ELS leads to persistent elevation of stress
hormones, contributing to anxiety-like behaviors and metabolic dysfunctions in adulthood
(Peterfalvi et al., 2019) (Murphy et al., 2022). The observed increase in ACTH and CORT in the ELS
group supports the notion that early stress exposure impairs glucocorticoid receptor (GR)-
mediated negative feedback, leading to prolonged HPA axis activation. This mechanism is
consistent with findings from Murphy et al.(2022) who reported that maternal separation results
in reduced hippocampal GR expression, leading to sustained CRH secretion from the hypothalamic
paraventricular nucleus (PVN).

Our findings also align with previous studies that explored the role of GABAergic modulation in
regulating HPA axis activity. It has been established that gamma-aminobutyric acid (GABA) plays a
crucial role in stress regulation by inhibiting CRH secretion through hippocampal feedback loops
(Pelkey et al., 2017). The observed reduction in ACTH and CORT levels following phenobarbital
administration is in agreement with studies showing that pharmacological enhancement of
GABAergic activity can restore HPA axis homeostasis (Charmandari et al., 2005). While the overall
findings support the role of phenobarbital in modulating stress hormone levels, some
discrepancies exist when comparing our results with previous research. Some studies suggest that
prolonged barbiturate use can lead to HPA axis suppression rather than restoration (Rivier & Vale,
2008). In contrast, our study demonstrated a dose-dependent ameliorative effect rather than
outright suppression. The difference may be attributed to the chronic nature of phenobarbital
administration in our study, which could have allowed for gradual neuroadaptation and
restoration of GABAergic tone rather than immediate suppression of HPA function.

The findings from this study provide further evidence that phenobarbital’s ability to enhance
GABAergic signaling plays a role in normalizing HPA axis function. Given that phenobarbital is a
positive allosteric modulator of GABA_A receptors, its effect on reducing ACTH and CORT levels
likely occurs through enhanced inhibition of CRH release from the hypothalamus. This is in line
with prior evidence suggesting that increased GABAergic inhibition can counteract the excitatory
drive responsible for sustained HPA hyperactivity (Strac et al., 2014).

Future research should explore whether the observed effects of phenobarbital are reversible upon
withdrawal and whether prolonged use could lead to adaptive changes in HPA axis function.
Additionally, molecular studies assessing hippocampal GR expression and CRH mRNA levels would
provide more direct evidence of phenobarbital’s regulatory effects on stress-related
neurocircuitry.
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5.0 Conclusion

This study demonstrates that phenobarbital exerts a dose-dependent ameliorative effect on ELS-
induced HPA axis hyperactivity in Wistar rats. The findings suggest that enhancing GABAergic
inhibition via phenobarbital administration can effectively reduce stress hormone levels and
restore normal locomotor activity. These results support the potential of phenobarbital as a
therapeutic agent for stress-related HPA axis dysfunctions, though further research is needed to
elucidate its long-term effects and mechanisms of action.
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