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ABSTRACT 

Major depressive disorder is a reality to an increasing number of individuals worldwide, yet, it 

is still poorly understood and its treatment remains lackluster. Due to the subpar success rates 

of traditional monoaminergic pharmacotherapy, new targets have been explored. Here, the 

behavioral effects of a single dose of moxidectin (MOX) (1,5 mg/kg, 0,1 mL/10g, s.c.), a drug 

capable of allosterically modulating GABAA channels, was evaluated in male Swiss mice by 

the tail suspension (TST), splash (SPT), open field and elevated plus maze tests between 24 

and 48 h post injection. MOX  was capable of significantly decreasing the immobility time in 

TST and increasing grooming time in SPT, suggesting an antidepressant effect. To further 

explain the molecular pathways underlying MOX's observed behavioral changes, neurotrophic 

factors and oxidative stress biomarkers were identified. An increase in brain-derived 

neurotrophic factor (Bdnf) mRNA was observed, possibly explaining the behavioral changes. 

An increase in total antioxidant capacity and glutathione S-transferase (GST) in the prefrontal 

cortex and a decrease of GST in the hippocampus of MOX-treated animals may have also 

contributed to these results. To our knowledge, this is the first study demonstrating the 

antidepressant-like effect of MOX in mice. While these results are preliminary, they’re 

promising. The utilization of GABAA modulators is an emerging and interesting new avenue 

to be explored in the treatment of neuropsychiatric ailments. 

Keywords: depression, antiparasitic, BDNF, GABAA, behavioral testing 

INTRODUCTION 

 

Depression affects around 5% of the world’s adult population1. According to the DSM-

5-TR, Major Depressive Disorder (MDD) is characterized by a depressed mood and/or 

anhedonia plus five other criteria that involve changes in weight, sleep, energy levels, low self-

http://dx.doi.org/10.21527/2176-7114.2026.51.16605
https://paperpile.com/c/xrrzed/NVZO
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esteem, suicidal ideation, and others in a manner that disturbs or interferes with the person’s 

day to day life. Data on the overall efficacy of antidepressants is highly variable. One of the 

most complete and extensive studies to date relates a rate of remission of 36.8% on the first 

treatment attempt, with subsequent attempts reaching lower success rates, with an overall 

cumulative remission rate of 67%, leaving 33% of patients with unsatisfactory outcomes. Even 

when remission is achieved, MDD has very high relapse and recurrence rates2–4.  

Given the still unelucidated pathophysiology of MDD and the current lackluster 

performance of the monoaminergic therapy for its low success rates, various side effects, 

delayed onset, and limited efficacy, new targets have been explored, such as the NMDA 

receptor and its antagonist esketamine, which as already been approved as an antidepressant 

by the FDA5. Another promising target is the GABA receptor, namely via allopregnanolone 

(Allo). Allo is an endogenous neuroactive steroid, a progesterone metabolite, capable of 

positive allosteric modulation of the GABAA receptor. It has been observed that Allo levels are 

lower in patients with MDD, both in serum and cerebrospinal fluid in a symptom-related ratio, 

with levels rescued after successful treatment6. Two compounds derived from Allo, 

brexanolone and zuranolone, have already been approved by the FDA as treatments for 

postpartum depression (PPD)7. Another positive allosteric modulator of GABAA is moxidectin 

(MOX), an originally antiparasitic compound widely used in veterinary medicine8,9, which 

recently has been shown to possess antidepressant effects in rats10. 

This paper aims to investigate the antidepressant potential of a single dose of MOX in 

male mice as well as identify some molecular pathways underlying it, including neurotrophic 

factors and oxidative stress biomarkers. 

METHODOLOGY 

Animals:  

36 male Swiss mice, aged between 6 and 8 weeks old, weighing 30 to 40 g were utilized. 

Animals were purchased from Universidade Federal de Santa Maria’s (UFSM) central 

vivarium. The animals were allowed to acclimatize to our vivarium for 6 days before the 

beginning of the experimental protocol.  Animals were housed in standard shoebox cages with 

wood chip bedding, food and water ad libitum without any environmental enrichment. Standard 

vivarium humidity and temperature conditions with 12-hour light/dark cycle. All 

https://paperpile.com/c/xrrzed/DXiAg+lOnd+j4n6
https://paperpile.com/c/xrrzed/OwUUa
https://paperpile.com/c/xrrzed/lvl3y
https://paperpile.com/c/xrrzed/SUel
https://paperpile.com/c/xrrzed/SCRat+BKtRi
https://paperpile.com/c/xrrzed/movgx
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administrations, manipulations and tests were performed under the light cycle, between 13:00 

and 17:00 h. The animals were manipulated as little as possible. 

 

Experimental design:  

Animals were divided, at random, in 3 groups of 12 animals. This number was chosen 

based on similar literature11,12. Groups consisted of MOX, fluoxetine (FLX) (positive control), 

or control (naïve). 24 hours after administering the compounds, the open field test (OFT) and 

splash test (SPT) were carried out. On the following day, elevated plus maze test (EPM) and 

tail suspension test (TST), the last behavioral tests, were performed. On the next day, 72 h post 

injection, the animals were euthanized. 

 

Drugs:  

The MOX utilized was Cydectin 1% (Part.: 007/21, Zoetis, Brazil). It was diluted in 

10% hydroalcoholic solution in a concentration that allowed the administration of 0,1 mL of 

solution for every 10 g of weight. Animals received 1,5 mg/kg of body weight, s.c. This dose 

is adapted from a previous study on rats10.  The FLX utilized was Daforin 20 mg/mL (L2R9960, 

EMS, Brazil), diluted in saline in a concentration that allowed the administration of 0,1 mL of 

solution for every 10 g of weight. Animals received 10 mg/kg of body weight via gavage 11,12. 

Mice from the control group did not receive any administration. 

Euthanasia was performed by isoflurane sedation followed by exsanguination via 

intraventricular blood draw. The animals were then decapitated, the prefrontal cortex and 

hippocampus were collected and frozen at -80 ºC until analysis. The entire protocol was 

approved and overseen by our institution’s Committee of Ethics on Animal Experimentation 

(CEUA/UFSM: 3435310322). All possible measures were taken to minimize animal suffering. 

 

Behavioral tests: 

The OFT was performed for 5 min, in which animals were recorded while alone in a 

room inside a circular 30 cm diameter apparatus13. The time spent in the middle of the apparatus 

or in the external zone was determined by ANY-Maze software. The inner 15 cm diameter was 

considered the central zone, the following 5 cm, a neutral zone, and the outer 5 cm, the 

periphery zone. The software was configured to account for the entire body with a head bias. 

https://paperpile.com/c/xrrzed/GDji+Zg4e
https://paperpile.com/c/xrrzed/movgx
https://paperpile.com/c/xrrzed/Zg4e+GDji
https://paperpile.com/c/xrrzed/PyUpj
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Immediately after, each animal underwent the SPT14. Animals were picked up, their 

back fur brushed with a finger, against the grain, once and a solution of 10% sucrose at room 

temperature was sprayed, with a standard cleaning spray nozzle, on their backs four times. This 

was done to ensure the animals were properly soaked, given the hydrophobic nature of mice 

fur. They were reallocated to the same apparatus in which they underwent the OFT and were 

again left alone in the room while being recorded for 5 min. The time spent grooming was 

determined manually. After the test, the animals were gently washed with warm water and 

towel-dried before being returned to their cages. We adopted this protocol for the SPT so that 

the animals were already familiar with the environment and would spend less time exploring. 

After the SPT, the apparatus was cleaned with ethanol 30% before receiving the next animal. 

The EPM test15 was performed in a standard, custom made, mice elevated plus maze, 

each arm measuring 30 cm, in which the animals were left alone in a room while being 

recorded. Checks in the middle of the  5 min were quickly performed to ensure no animal had 

jumped from the apparatus. ANY-Maze software evaluated the total distance traveled, time 

spent in the neutral zone, open arms or closed arms, and number of entries in each zone. After 

the test ended the apparatus was cleaned with ethanol 30% to receive the next animal. 

After all animals underwent the EPM, the TST was carried out16. Animals were hung 

by their tails in a horizontal wooden rod using adhesive tape leaving 1 to 2 cm of tail above the 

tape. They were recorded while alone in a room, with a quick check in the middle to ensure no 

animal had fallen or climbed their tail. Animals who had, were repositioned and the clock 

restarted. The test lasted 6 min, with the first two minutes being disregarded. Total immobility 

time was evaluated manually. 

 

Assays: 

Thiobarbituric acid reactive substances (TBARS) determination was performed by 

homogenizing tissue samples with ice-cold 1.1% phosphoric acid and centrifuging at 1000 g 

for 5 min at 4 °C. The supernatants were used in the assay. It was performed by the addition of 

sample aliquots to tubes containing 7% phosphoric acid and a solution composed of 0.4% 

thiobarbituric acid, 20 mM NaOH, and 40 μM butylated hydroxytoluene. The tubes were 

heated in a boiling-water bath for 45 min. They were rapidly cooled on ice and then butanol 

was added. Finally, the tubes were vortexed and centrifuged at 1000 g for 5 min at room 

temperature. The organic layer was removed and placed in a cuvette. The absorbance was 

https://paperpile.com/c/xrrzed/PRbTb
https://paperpile.com/c/xrrzed/16VqT
https://paperpile.com/c/xrrzed/ie3ZI
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measured at 532 nm. The TBARS levels are expressed as nmol/g tissue using ε = 156 mM−1 

cm−117. 

For the total antioxidant capacity (TAC) evaluation, a solution containing 5 mM 2,2′-

azobis (2-amidinopropane) dihydrochloride (AAPH) and 0.15 mM 2,2′-azino-bis (3-

ethylbenzothiazoline-6-sulfonic acid) (ABTS) in 20 mM phosphate buffer pH 7.0 was 

incubated for 50 min at 45 °C. The resulting solution was afterwards rapidly cooled on ice and 

kept at 4 °C until use. The assay was carried out by the addition of sample aliquots to plates 

containing the ABTS/APPH solution at 22 °C. The absorbance was recorded at 734 nm for 1 

min. TAC was calibrated against ascorbic acid standards and expressed as μmol/g tissue18. 

Glutathione S-transferase (GST) was measured according to Habig et al., (1974). 

Results are expressed as nmol/min/g tissue. 

 

Nucleic acid extraction and qRT-PCR: 

Prefrontal cortex and hippocampus samples were collected, immersed in TRIzol 

(ThermoFisher), and frozen at -80 ºC until analysis. All cited products were utilized as 

instructed by the manufacturer. The samples were extracted in TRIzol, followed by 

purification utilizing PureLink RNA MiniKit. Sample quality and quantity was analyzed by 

the NanoDrop-1000 Spectrophotometer (Thermo Scientific). Invitrogen’s Superscript III was 

utilized for cDNA synthesis. Real-time qPCR was performed using SYBR fluorophore 

GoTaq1 Green Master Mix (Promega Corporation). All samples were run in duplicates with 

negative controls. Housekeeping genes utilized were β-actin19 and HPRT20. The gene tested 

was brain-derived neurotrophic factor (Bdnf)21. β-actin was chosen as the control gene. 

 

Statistical Analysis: 

All data is expressed as mean ± SEM and were analyzed and graphed using GraphPad 

Prism (version 9.0.0, San Diego, USA). The Shapiro-Wilk normality test was utilized, and 

points considered non-normal were removed. All data was analyzed using one-way ANOVA 

followed by Dunnett’s post hoc test, with p < 0.05 considered significant. 

 

 

https://paperpile.com/c/xrrzed/WLk86
https://paperpile.com/c/xrrzed/NJPvB
https://paperpile.com/c/xrrzed/PmsO5
https://paperpile.com/c/xrrzed/Ey7Pi
https://paperpile.com/c/xrrzed/Co8E3
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RESULTS 

Behavioral Tests: 

Single Moxidectin dose’s Effect on Mice Behavior: 

The behavioral response of mice exposed to MOX in the OFT demonstrated that in both 

groups, MOX and FLX, mice spent less time in the center (Fig. 1B), with p values of 0,0100 

and 0,0430, respectively. No difference was observed in the total distance traveled (Fig. 1A) 

nor time spent in the peripheral zone (Fig. 1C) when compared to the CON group. Regarding 

the SPT, MOX and FLX-treated animals spent significantly more time grooming than the CON 

group, with p values of 0,0441 and 0,0158 respectively (Fig. 2A) Moreover, MOX decreased 

the immobility time in the TST, with a p-value of 0,0130, whereas FLX had no effect on it (p 

value of 0,3377) (Fig. 2B). Finally, in EPM, no significant changes were observed in relation 

to the CON group (Fig. 3). 

 

Figure 1 

 

Open Field test. Results are presented as mean ± SEM, n = 8~11/group, * p < 0,05. (A) Total 

distance traveled; (B) Time spent in the central zone (C) Time spent in the periphery. FLX 

was used as positive control. Abbreviations: CON, control group; FLX, fluoxetine; MOX, 

moxidectin. 
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Figure 2  

 

Results are presented as mean ± SEM, n = 8~11/group, * p < 0,05. (A) Time spent grooming 

on the SPT; (B) Time spent immobile in the TST.  FLX was used as positive control. 

Abbreviations: CON, control group; FLX, fluoxetine; MOX, moxidectin; SPT, splash test; 

TST, tail suspension test. 

 

Figure 3  

 

Elevated Plus Maze test. Results are presented as mean ± SEM, n = 8~11/group, * p < 0,05. 

(A) Time spent in closed arms; (B) Time spent in open arms. FLX was used as positive 

control. Abbreviations: CON, control group; FLX, fluoxetine; MOX, moxidectin.   

 

Single Moxidectin Dose’s Effect on Oxidative Stress Biomarkers in the CNS: 

Regarding the prefrontal cortex, no significant changes were observed in TBARS 

levels between groups (MOX p = 0,1430, FLX p = 0,4109) (Fig 4A). Furthermore, MOX 

increased TAC levels (p = 0,0300) (Fig 4B) and GST activity (p = 0,0192) (Fig 4C)  FLX-
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treated animals exhibited no significant changes in any of the analyzed biomarkers when 

compared to the CON group. 

 In the hippocampus,  TBARS levels did not differ in any of the treated groups (MOX 

p = 0.4699, FLX p = 0,2685) (Fig 4D). Moreover, neither MOX (p = 0,6322) nor FLX (p = 

0,0617) changed TAC levels (Fig 4E); treatment with either compound was linked to the 

decrease of GST activity in the hippocampus (MOX p = 0,0226, FLX p = 0,0130) (Fig. 4F).  

 

Figure 4 

 

Oxidative Stress biomarkers. Results are presented as mean ± SEM, n = 4~5/group, * p < 

0,05. FLX was used as positive control. Abbreviations: CON, control group; FLX, fluoxetine; 

GST, glutathione S-transferase; MOX, moxidectin; TAC, total antioxidant capacity; TBARS, 

thiobarbituric acid reactive substances. 
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Single Moxidectin dose’s Effect on mRNA levels of Bdnf:  

Bdnf mRNA levels were upregulated in the prefrontal cortex of the MOX-treated mice 

(p = 0,015) (Fig 5). Its levels did not change significantly in the FLX group when compared 

to the CON group (p = 0,8811). No changes were seen in Bdnf mRNA levels in the 

hippocampus (MOX p = 0,8745, FLX p = 0,7698) (Fig 5). 

Figure 5 

 

Results are presented as mean ± SEM, n = 3~5/group, * p < 0,05. FLX was used as positive 

control. Abbreviations: Bdnf, brain-derived neurotrophic factor; CON, control group; FLX, 

fluoxetine; MOX, moxidectin.  

 

DISCUSSION 

 

The current treatment of depressive disorders consists of psychotherapy and 

pharmacotherapy with compounds such as selective serotonin reuptake inhibitors (SSRIs) and 

serotonin-norepinephrine reuptake inhibitors, molecules that intervene with the metabolism of 

serotonin and other biogenic amines22,23. Even with the myriad of available compounds, 

treatment success rates are unsatisfactory, with up to 33% of patients not responding to four 

different treatment options2,3. 

This could perhaps be due to the still unelucidated pathophysiology of depressive 

disorders, which have been long theorized to be associated with a depletion of biogenic amines, 

https://paperpile.com/c/xrrzed/tL7Cq+2Iw7
https://paperpile.com/c/xrrzed/DXiAg+lOnd
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but this notion has been recently called into question, with some authors stating that there is no 

direct correlation between depressive disorders and serotonin24. Therefore, new targets have 

been explored. One of which is the recently approved compound for the treatment of PPD 

brexanolone, a GABAA positive allosteric modulator25,26 

A compound that acts as a positive allosteric modulator of GABAA is MOX. Originally 

an antiparasitic, it was first marketed as an injectable for cattle in 1990, but nowadays it is 

widely utilized in most species in veterinary medicine8 and is approved for human use by the 

FDA for onchocerciasis27. It acts by targeting the parasite’s glutamate-activated chloride 

channels, leading to paralysis and eventual death. These channels are not found in mammals, 

however, which contributes to little to no side-effects in its users. In doses above the standard 

endectocidal, however, the compound can interact with mammalian ionotropic channels, such 

as the aforementioned  GABAA
8. MOX has also shown promise in animal models of alcohol 

abuse disorder28. 

In this paper, we show that a single dose of MOX was able to significantly decrease the 

immobility time in the TST and increase grooming time in the SPT, suggesting an 

antidepressant effect.  

The TST is useful for assessing the behavioral effects of antidepressant compounds and 

other pharmacological and genetic manipulations relevant to depression29. Higher immobility 

times are associated with a depressed mood, where this immobility may be analogous to the 

clinical observations that depressed patients often lack sustained expenditure of effort30. 

Therefore, decreased immobility time may insinuate a compound's antidepressant potential. 

MOX, in a single dose of 1,5 mg/kg, significantly decreased the immobility time in the TST. 

Our findings are congruent with data published by Getachew10, which demonstrated that MOX 

in a single dose induced a 30% decrease in immobility in the forced swim test in rats at the 

dose of 2,5 mg/kg. 

Anhedonia is a behavior defined as the inability to feel pleasure or the lack of pleasure-

seeking behaviors, a hallmark of depressive disorders. In animals, this behavior can be 

evaluated by the SPT. The number of sprays, test location, time of testing, or even variable 

analyzed in the splash test is not always consistent throughout the literature, but the consensus 

is that decreased number of grooming bouts and/or decreased total grooming time in rodents is 

correlated with anhedonic behavior31,32. Our results show that a single dose of MOX could 

lower the anhedonic behavior of mice within 24 h. We observed increased grooming time for 

https://paperpile.com/c/xrrzed/dpyt1
https://paperpile.com/c/xrrzed/ozLmp+iLqg
https://paperpile.com/c/xrrzed/SCRat
https://paperpile.com/c/xrrzed/rtId
https://paperpile.com/c/xrrzed/SCRat
https://paperpile.com/c/xrrzed/VsNm2
https://paperpile.com/c/xrrzed/LxNXI
https://paperpile.com/c/xrrzed/ryxse
https://paperpile.com/c/xrrzed/movgx
https://paperpile.com/c/xrrzed/5CLLF+DMUhU
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both compounds, corroborating literature where FLX has been reported as capable of 

increasing grooming in mice33.  

Depressive disorders are often accompanied by anxiety. Therefore, the EPM test was 

performed to evaluate the anxiety levels of the treated animals. Albeit no significance was 

reached on either group, both showed tendencies to spend less time in open arms and more 

time in closed arms, an indication of anxiety. A review showed that FLX administration on 

naïve animals can have an anxiogenic effect, often shown by decreased time spent in open arms 

in the EPM34.  

The OFT is another popular test to measure animal anxiety-like behavior. Our results 

showed that both compounds were anxiogenic. MOX has been tested in rats in the OFT, but 

only the locomotor activity was reported as unchanged10, this corroborates our findings. 

Changes in locomotion, observed as increased total travel distance and/or number of crossings 

in the open field test, can indicate altered neurological processes or abnormal brain function35, 

therefore, the unaltered results found in the MOX group indicate no deleterious effects on the 

observed mice. FLX has been shown consistently as having little to no effect on locomotion in 

mice34. Even though there are no reports of MOX’s effect on the time spent on each zone in 

the OFT, there is weak evidence that allopregnanolone, another positive allosteric modulator 

of GABAA, can cause an increase in anxious behavior in the OFT36. 

To our knowledge, this is the first work of literature that evaluates animal response to 

MOX in the SPT, TST and EPM and the first to evaluate time spent in different zones in the 

OFT. As shown, MOX had similar effects to FLX in most behavioral parameters. The increased 

grooming time in the splash tests appoints to diminished anhedonia and therefore diminished 

depressive-like behavior, as does the decreased immobility time in the tail suspension test. 

These findings agree with the reports of Getachew (2019) in the forced swim test in Wistar-

Kyoto rats. With the intent of exploring the molecular basis of this behavioral change, 

Getachew also reported increased levels of BDNF in the central nervous system of these 

animals via Western Blot.  

BDNF is one of the main proteins of the neurotrophin family. Neurotrophins are 

proteins synthesized by neurons and glial cells, responsible for modulating cellular and 

synaptic replication, maturation, and survival, vital processes for memory and learning37,38. 

 Animal and human studies show a positive correlation between BDNF levels and mood 

scores, mainly in the cortex and hippocampus39. Furthermore, BDNF mRNA abundance is 
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modulated by stress, therefore, this seems to be a molecule with an important role in MDD40. 

Stress causes a decrease in BDNF levels and interferes with the intracellular pathways activated 

by this neurotrophin, thus contributing to the atrophy and reduced activity of limbic 

structures41. 

 The present study shows that MOX increases mRNA levels of Bdnf in the prefrontal 

cortex, but not hippocampus, of treated mice 72 h after administration. Getachew10 showed, 

via Western Blot, that a single MOX dose (2,5 mg/kg) was capable of increasing the BDNF 

protein levels in the frontal cortex and hippocampus of rats at the 24 h mark. This rapid effect 

of MOX may constitute an important mechanism for fast-acting antidepressants, a current 

weakness of traditional treatments. 

Another factor involved in neuropsychiatric disorders is oxidative stress. Oxidative 

stress is defined as the biologically damaging effects of free radicals such as reactive oxygen 

species (ROS). The presence of these molecules is normal and necessary for proper cellular 

functioning. However, when found in excess they may lead to cellular damage and even cellular 

death42,43. Mitochondrial dysfunction has been observed in many disorders, some of which are 

neuropsychiatric44. 

Some neuroactive compounds increase oxidative stress markers in the Central Nervous 

System45 while others, such as FLX and other antidepressants, tend to decrease it46–48. 

Therefore, we sought to evaluate the oxidative stress biomarkers in prefrontal cortex and 

hippocampus of mice treated with MOX to further analyze its potential as a neuromodulator. 

TBARS, is widely utilized as a generic metric of lipid peroxidation in biological fluids, 

often considered a good indicator of the levels of oxidative stress within a biological sample49. 

The non-significant results found in both tissues are a positive result, since they indicate that 

the compounds did not negatively affect the CNS of the animals. Another commonly utilized 

tool in the evaluation of the antioxidant capacity of tissues is TAC50. Our results showed MOX 

as capable of increasing the TAC of the mice’s prefrontal cortex.  

We observed a MOX-induced increase in cortical GST levels. The GSTs are a protein 

family of antioxidant enzymes that regulate stress-induced signaling pathways51. An isoform 

of GST, GST Mu, was found to be significantly decreased in the cortex of postmortem patients 

with MDD, schizophrenia and untreated bipolar disorder52, the MOX-induced increase found 

in our animals may be an early indicator of a potential drug candidate for the treatment of these 
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ailments. Once more, to our knowledge, these are the first reported effects of MOX on the 

oxidative stress parameters in the CNS of mice. 

The utilization of FLX, a well-established compound in the treatment of MDD, as a 

positive control, gives these results a more solid basis for understanding the behavioral effects 

of MOX. Albeit most behavioral results were similar, the mechanism of action of these 

compounds differs greatly. While FLX is a SSRI53, this effect has not been demonstrated for 

MOX. MOX is a potent GABAA positive allosteric modulator8, as well as a P2X4R 

modulator28.  

Looking to further understand MOX’s role in behavior, it is important to note that the 

dysregulation of the hippocampus-pituitary-adrenal (HPA) axis has been implicated to play a 

crucial role in the pathophysiology of MDD. Changes in basal levels and in the pattern of 

release of corticosterone secondary to stress appear to be highly correlated with the 

susceptibility or resilience to depressive-like behaviors in mice54. Excess glucocorticoids have 

been shown to be neurotoxic, especially in the hippocampus, where apoptosis can be triggered 

by the activation of glucocorticoid receptors55. These events can contribute to the loss of 

hippocampal volume observed in MDD56,57. 

The corticotropin releasing hormone neurons receive input from a myriad of brain 

regions, with their activity ultimately regulated by GABAergic inhibition58, it is estimated that 

a third of all inputs to that region are GABAergic59. In practice, microinjections of GABA 

antagonists into that area have shown to activate the HPA axis, while agonists decrease the 

circulating levels of stress hormones60,61. 

Furthermore, as commented previously, GABAA receptors are allosterically modulated 

by endogenous neurosteroids, such as allopregnanolone (Allo), a progesterone metabolite. 

Reduced levels of Allo and other neurosteroids have been observed and implicated to play a 

role in the pathophysiology of MDD, anxiety, Post Traumatic Stress Disorder and other 

neuropsychiatric ailments, while successful SSRI treatment rescues endogenous Allo 

levels62,63. Direct GABAA modulation is an emerging field in the treatment of neuropsychiatric 

disorders. It has gained traction mostly as a treatment for PPD with representatives such as 

brexanolone, the first FDA approved treatment specific for PPD25,64. 

Limitations of this study include the lack of monitoring of corticosterone levels, which 

could potentially confirm if MOX is capable of interfering with this pathway, and the use of 
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only male mice. Future studies should address these limitations and explore the effects of MOX 

in female mice and other neuropsychiatric disease models.  

CONCLUSION 

 In summary, the administration of a single dose of MOX resulted in diminished 

depressive-type behaviors in the tested animals, demonstrated by decreased immobility time in 

TST and increased grooming time in the SPT. MOX also increased the antioxidant capacity in 

the prefrontal cortex and increased Bdnf mRNA levels, again indicating a potential 

antidepressant action with rapid onset. Albeit preliminary, these results are promising. More 

studies are necessary to further explore MOX’s mechanism of action in a 

neuropsychopharmacological setting, as well as its efficacy in different paradigms, with the 

intention of confirming if this compound possesses clinical relevance. 

 

REFERENCES 

1.  World Health Organization (Depression) [Internet]. [cited 2024 Jun 2]. Available from: 

https://www.who.int/news-room/fact-sheets/detail/depression 

2.  Rush AJ, Trivedi MH, Wisniewski SR, Nierenberg AA, Stewart JW, Warden D, et al. 

Acute and longer-term outcomes in depressed outpatients requiring one or several 

treatment steps: a STAR*D report. Am J Psychiatry [Internet]. 2006 Nov;163(11):1905–

17. Available from: http://dx.doi.org/10.1176/ajp.2006.163.11.1905 

3.  Cui L, Li S, Wang S, Wu X, Liu Y, Yu W, et al. Major depressive disorder: hypothesis, 

mechanism, prevention and treatment. Signal Transduction and Targeted Therapy 

[Internet]. 2024 Feb 9 [cited 2025 May 27];9(1):1–32. Available from: 

https://www.nature.com/articles/s41392-024-01738-y 

4.  Liu Q, He H, Yang J, Feng X, Zhao F, Lyu J. Changes in the global burden of depression 

from 1990 to 2017: Findings from the Global Burden of Disease study. Journal of 

Psychiatric Research [Internet]. 2020 Jul 1 [cited 2025 May 27];126:134–40. Available 

from: http://dx.doi.org/10.1016/j.jpsychires.2019.08.002 

5.  Food and Drug Administration. FDA approves first treatment for post-partum depression 

[Internet]. U.S. Food and Drug Administration. FDA; 2020 [cited 2024 Sep 17]. Available 

from: https://www.fda.gov/news-events/press-announcements/fda-approves-first-

treatment-post-partum-depression 

6.  Zorumski CF, Paul SM, Izumi Y, Covey DF, Mennerick S. Neurosteroids, stress and 

depression: potential therapeutic opportunities. Neurosci Biobehav Rev [Internet]. 2013 

Jan;37(1):109–22. Available from: http://dx.doi.org/10.1016/j.neubiorev.2012.10.005 

http://paperpile.com/b/xrrzed/NVZO
http://paperpile.com/b/xrrzed/NVZO
http://paperpile.com/b/xrrzed/NVZO
http://paperpile.com/b/xrrzed/NVZO
https://www.who.int/news-room/fact-sheets/detail/depression
http://paperpile.com/b/xrrzed/DXiAg
http://paperpile.com/b/xrrzed/DXiAg
http://paperpile.com/b/xrrzed/DXiAg
http://paperpile.com/b/xrrzed/DXiAg
http://dx.doi.org/10.1176/ajp.2006.163.11.1905
http://paperpile.com/b/xrrzed/lOnd
http://paperpile.com/b/xrrzed/lOnd
http://paperpile.com/b/xrrzed/lOnd
http://paperpile.com/b/xrrzed/lOnd
https://www.nature.com/articles/s41392-024-01738-y
http://paperpile.com/b/xrrzed/j4n6
http://paperpile.com/b/xrrzed/j4n6
http://paperpile.com/b/xrrzed/j4n6
http://paperpile.com/b/xrrzed/j4n6
http://dx.doi.org/10.1016/j.jpsychires.2019.08.002
http://paperpile.com/b/xrrzed/lvl3y
http://paperpile.com/b/xrrzed/lvl3y
http://paperpile.com/b/xrrzed/lvl3y
http://paperpile.com/b/xrrzed/lvl3y


 

16 

 

ANTIDEPRESSANT EXPLORATION OF MOXIDECTIN: EFFECTS ON BEHAVIOR, 

NEUROTROPHIC FACTORS AND OXIDATIVE STRESS BIOMARKERS IN MICE 

 

Revista Contexto & Saúde - Editora Unijuí – ISSN 2176-7114 – V. 26 – N. 51 – 2026 – e16605 

 

7.  Food and Drug Administration. FDA approves first treatment for post-partum depression 

[Internet]. U.S. Food and Drug Administration. FDA; 2020 [cited 2024 Sep 17]. Available 

from: https://www.fda.gov/news-events/press-announcements/fda-approves-first-

treatment-post-partum-depression 

8.  Spampanato J, Gibson A, Dudek FE. The antihelminthic moxidectin enhances tonic 

GABA currents in rodent hippocampal pyramidal neurons. J Neurophysiol [Internet]. 

2018 May 1;119(5):1693–8. Available from: http://dx.doi.org/10.1152/jn.00587.2017 

9.  Ménez C, Sutra JF, Prichard R, Lespine A. Relative neurotoxicity of ivermectin and 

moxidectin in Mdr1ab (-/-) mice and effects on mammalian GABA(A) channel activity. 

PLoS Negl Trop Dis [Internet]. 2012 Nov 1;6(11):e1883. Available from: 

http://dx.doi.org/10.1371/journal.pntd.0001883 

10.  Getachew B, Tizabi Y. Antidepressant effects of moxidectin, an antiparasitic drug, in a 

rat model of depression. Behav Brain Res [Internet]. 2019 Dec 30;376:112220. Available 

from: http://dx.doi.org/10.1016/j.bbr.2019.112220 

11.  Jiang CY, Qin XY, Yuan MM, Lu GJ, Cheng Y. 2,3,5,4 ′-Tetrahydroxystilbene-2-O-beta-

D-glucoside Reverses Stress-Induced Depression via Inflammatory and Oxidative Stress 

Pathways. Oxidative Medicine and Cellular Longevity [Internet]. 2018 Jan 1 [cited 2025 

May 27];2018(1):9501427. Available from: 

https://onlinelibrary.wiley.com/doi/abs/10.1155/2018/9501427 

12.  Neis VB, et al. Single administration of agmatine reverses the depressive-like behavior 

induced by corticosterone in mice: Comparison with ketamine and fluoxetine. 

Pharmacology Biochemistry and Behavior [Internet]. 2018 Oct 1 [cited 2025 May 

27];173:44–50. Available from: http://dx.doi.org/10.1016/j.pbb.2018.08.005 

13.  Prut L, Belzung C. The open field as a paradigm to measure the effects of drugs on 

anxiety-like behaviors: a review. Eur J Pharmacol [Internet]. 2003 Feb 28;463(1-3):3–33. 

Available from: http://dx.doi.org/10.1016/s0014-2999(03)01272-x 

14.  Haj-Mirzaian A, Amiri S, Kordjazy N, Rahimi-Balaei M, Haj-Mirzaian A, Marzban H, et 

al. Blockade of NMDA receptors reverses the depressant, but not anxiogenic effect of 

adolescence social isolation in mice. Eur J Pharmacol [Internet]. 2015 Mar 5;750:160–6. 

Available from: http://dx.doi.org/10.1016/j.ejphar.2015.01.006 

15.  Donatti AF, Soriano RN, Leite-Panissi CRA, Branco LGS, de Souza AS. Anxiolytic-like 

effect of hydrogen sulfide (H2S) in rats exposed and re-exposed to the elevated plus-maze 

and open field tests. Neurosci Lett [Internet]. 2017 Mar 6;642:77–85. Available from: 

http://dx.doi.org/10.1016/j.neulet.2017.01.059 

16.  Steru L, Chermat R, Thierry B, Simon P. The tail suspension test: a new method for 

screening antidepressants in mice. Psychopharmacology [Internet]. 1985; 85(3):367–70. 

Available from: http://dx.doi.org/10.1007/BF00428203 

17.  Hermes-Lima M, Willmore WG, Storey KB. Quantification of lipid peroxidation in tissue 

http://paperpile.com/b/xrrzed/SUel
http://paperpile.com/b/xrrzed/SUel
http://paperpile.com/b/xrrzed/SUel
http://paperpile.com/b/xrrzed/SUel
https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-post-partum-depression
http://paperpile.com/b/xrrzed/SCRat
http://paperpile.com/b/xrrzed/SCRat
http://paperpile.com/b/xrrzed/SCRat
http://paperpile.com/b/xrrzed/SCRat
http://paperpile.com/b/xrrzed/BKtRi
http://paperpile.com/b/xrrzed/BKtRi
http://paperpile.com/b/xrrzed/BKtRi
http://paperpile.com/b/xrrzed/BKtRi
http://dx.doi.org/10.1371/journal.pntd.0001883
http://paperpile.com/b/xrrzed/movgx
http://paperpile.com/b/xrrzed/movgx
http://paperpile.com/b/xrrzed/movgx
http://paperpile.com/b/xrrzed/movgx
http://paperpile.com/b/xrrzed/GDji
http://paperpile.com/b/xrrzed/GDji
http://paperpile.com/b/xrrzed/GDji
http://paperpile.com/b/xrrzed/GDji
https://onlinelibrary.wiley.com/doi/abs/10.1155/2018/9501427
http://paperpile.com/b/xrrzed/Zg4e
http://paperpile.com/b/xrrzed/Zg4e
http://paperpile.com/b/xrrzed/Zg4e
http://paperpile.com/b/xrrzed/Zg4e
http://dx.doi.org/10.1016/j.pbb.2018.08.005
http://paperpile.com/b/xrrzed/PyUpj
http://paperpile.com/b/xrrzed/PyUpj
http://paperpile.com/b/xrrzed/PyUpj
http://paperpile.com/b/xrrzed/PyUpj
http://paperpile.com/b/xrrzed/PRbTb
http://paperpile.com/b/xrrzed/PRbTb
http://paperpile.com/b/xrrzed/PRbTb
http://paperpile.com/b/xrrzed/PRbTb
http://dx.doi.org/10.1016/j.ejphar.2015.01.006
http://paperpile.com/b/xrrzed/16VqT
http://paperpile.com/b/xrrzed/16VqT
http://paperpile.com/b/xrrzed/16VqT
http://paperpile.com/b/xrrzed/16VqT
http://dx.doi.org/10.1016/j.neulet.2017.01.059
http://paperpile.com/b/xrrzed/ie3ZI
http://paperpile.com/b/xrrzed/ie3ZI
http://paperpile.com/b/xrrzed/ie3ZI
http://paperpile.com/b/xrrzed/ie3ZI
http://paperpile.com/b/xrrzed/WLk86


 

17 

 

ANTIDEPRESSANT EXPLORATION OF MOXIDECTIN: EFFECTS ON BEHAVIOR, 

NEUROTROPHIC FACTORS AND OXIDATIVE STRESS BIOMARKERS IN MICE 

 

Revista Contexto & Saúde - Editora Unijuí – ISSN 2176-7114 – V. 26 – N. 51 – 2026 – e16605 

 

extracts based on Fe(III)xylenol orange complex formation. Free Radic Biol Med 

[Internet]. 1995 Sep;19(3):271–80. Available from: http://dx.doi.org/10.1016/0891-

5849(95)00020-x 

18.  Cao G, Prior RL. Comparison of different analytical methods for assessing total 

antioxidant capacity of human serum. Clin Chem [Internet]. 1998 Jun;44(6 Pt 1):1309–

15. Available from: https://www.ncbi.nlm.nih.gov/pubmed/9625058 

19.  Li T, Liu Y, Zhao J, Miao S, Xu Y, Liu K, et al. Aggravation of acute kidney injury by 

mPGES-2 down regulation is associated with autophagy inhibition and enhanced 

apoptosis. Sci Rep [Internet]. 2017 Aug 31;7(1):10247. Available from: 

http://dx.doi.org/10.1038/s41598-017-10271-8 

20.  Peres DS, Theisen MC, Fialho MFP, Dalenogare DP, Rodrigues P, Kudsi SQ, et al. 

TRPA1 involvement in depression- and anxiety-like behaviors in a progressive multiple 

sclerosis model in mice. Brain Res Bull [Internet]. 2021 Oct;175:1–15. Available from: 

http://dx.doi.org/10.1016/j.brainresbull.2021.07.011 

21.  Ubhi K, Inglis C, Mante M, Patrick C, Adame A, Spencer B, et al. Fluoxetine ameliorates 

behavioral and neuropathological deficits in a transgenic model mouse of α-

synucleinopathy. Exp Neurol [Internet]. 2012 Apr;234(2):405–16. Available from: 

http://dx.doi.org/10.1016/j.expneurol.2012.01.008 

22.  Park LT, Zarate CA Jr. Depression in the Primary Care Setting. N Engl J Med [Internet]. 

2019 Feb 7;380(6):559–68. Available from: http://dx.doi.org/10.1056/NEJMcp1712493 

23.  Chen T, Cheng L, Ma J, Yuan J, Pi C, Xiong L, et al. Molecular mechanisms of rapid-

acting antidepressants: New perspectives for developing antidepressants. Pharmacol Res 

[Internet]. 2023 Aug;194:106837. Available from: 

http://dx.doi.org/10.1016/j.phrs.2023.106837 

24.  Moncrieff J, Cooper RE, Stockmann T, Amendola S, Hengartner MP, Horowitz MA. The 

serotonin theory of depression: a systematic umbrella review of the evidence. Mol 

Psychiatry [Internet]. 2023 Aug;28(8):3243–56. Available from: 

http://dx.doi.org/10.1038/s41380-022-01661-0 

25.  Patterson R, Balan I, Morrow AL, Meltzer-Brody S. Novel neurosteroid therapeutics for 

post-partum depression: perspectives on clinical trials, program development, active 

research, and future directions. Neuropsychopharmacology [Internet]. 2024 Jan;49(1):67–

72. Available from: http://dx.doi.org/10.1038/s41386-023-01721-1 

26.  Patatanian E, Nguyen DR. Brexanolone: A Novel Drug for the Treatment of Postpartum 

Depression. Journal of Pharmacy Practice [Internet]. 2022 [cited 2025 May 27]; Available 

from: https://journals.sagepub.com/doi/10.1177/0897190020979627 

27.  Food and Drug Administration. (Moxidectin) [Internet]. [cited 2024 Sep 17]. Available 

from: https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/210867lbl.pdf 

28.  Huynh N, Arabian N, Naito A, Louie S, Jakowec MW, Asatryan L, et al. Preclinical 

http://paperpile.com/b/xrrzed/WLk86
http://paperpile.com/b/xrrzed/WLk86
http://dx.doi.org/10.1016/0891-5849(95)00020-x
http://dx.doi.org/10.1016/0891-5849(95)00020-x
http://paperpile.com/b/xrrzed/NJPvB
http://paperpile.com/b/xrrzed/NJPvB
http://paperpile.com/b/xrrzed/NJPvB
http://paperpile.com/b/xrrzed/NJPvB
http://paperpile.com/b/xrrzed/PmsO5
http://paperpile.com/b/xrrzed/PmsO5
http://paperpile.com/b/xrrzed/PmsO5
http://paperpile.com/b/xrrzed/PmsO5
http://dx.doi.org/10.1038/s41598-017-10271-8
http://paperpile.com/b/xrrzed/Ey7Pi
http://paperpile.com/b/xrrzed/Ey7Pi
http://paperpile.com/b/xrrzed/Ey7Pi
http://paperpile.com/b/xrrzed/Ey7Pi
http://dx.doi.org/10.1016/j.brainresbull.2021.07.011
http://paperpile.com/b/xrrzed/Co8E3
http://paperpile.com/b/xrrzed/Co8E3
http://paperpile.com/b/xrrzed/Co8E3
http://paperpile.com/b/xrrzed/Co8E3
http://dx.doi.org/10.1016/j.expneurol.2012.01.008
http://paperpile.com/b/xrrzed/tL7Cq
http://paperpile.com/b/xrrzed/tL7Cq
http://dx.doi.org/10.1056/NEJMcp1712493
http://paperpile.com/b/xrrzed/2Iw7
http://paperpile.com/b/xrrzed/2Iw7
http://paperpile.com/b/xrrzed/2Iw7
http://paperpile.com/b/xrrzed/2Iw7
http://dx.doi.org/10.1016/j.phrs.2023.106837
http://paperpile.com/b/xrrzed/dpyt1
http://paperpile.com/b/xrrzed/dpyt1
http://paperpile.com/b/xrrzed/dpyt1
http://paperpile.com/b/xrrzed/dpyt1
http://dx.doi.org/10.1038/s41380-022-01661-0
http://paperpile.com/b/xrrzed/ozLmp
http://paperpile.com/b/xrrzed/ozLmp
http://paperpile.com/b/xrrzed/ozLmp
http://paperpile.com/b/xrrzed/ozLmp
http://dx.doi.org/10.1038/s41386-023-01721-1
http://paperpile.com/b/xrrzed/iLqg
http://paperpile.com/b/xrrzed/iLqg
http://paperpile.com/b/xrrzed/iLqg
http://paperpile.com/b/xrrzed/iLqg
http://paperpile.com/b/xrrzed/VsNm2


 

18 

 

ANTIDEPRESSANT EXPLORATION OF MOXIDECTIN: EFFECTS ON BEHAVIOR, 

NEUROTROPHIC FACTORS AND OXIDATIVE STRESS BIOMARKERS IN MICE 

 

Revista Contexto & Saúde - Editora Unijuí – ISSN 2176-7114 – V. 26 – N. 51 – 2026 – e16605 

 

development of moxidectin as a novel therapeutic for alcohol use disorder. 

Neuropharmacology [Internet]. 2017 Feb;113(Pt A):60–70. Available from: 

http://dx.doi.org/10.1016/j.neuropharm.2016.09.016 

29.  Cryan JF, Mombereau C, Vassout A. The tail suspension test as a model for assessing 

antidepressant activity: review of pharmacological and genetic studies in mice. Neurosci 

Biobehav Rev [Internet]. 2005; 29(4-5):571–625. Available from: 

http://dx.doi.org/10.1016/j.neubiorev.2005.03.009 

30.  Weingartner H, Silberman E. Models of cognitive impairment: cognitive changes in 

depression. Psychopharmacol Bull [Internet]. 1982 Apr;18(2):27–42. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/7111602 

31.  Bijani S, Kashfi FS, Zahedi-Vanjani S, Nedaei K, Sharafi A, Kalantari-Hesari A, et al. 

The role of gender differences in the outcome of juvenile social isolation: Emphasis on 

changes in behavioral, biochemical and expression of nitric oxide synthase genes 

alteration. Heliyon [Internet]. 2024 Apr 15;10(7):e28964. Available from: 

http://dx.doi.org/10.1016/j.heliyon.2024.e28964 

32.  Kalueff AV, Tuohimaa P. The grooming analysis algorithm discriminates between 

different levels of anxiety in rats: potential utility for neurobehavioural stress research. J 

Neurosci Methods [Internet]. 2005 Apr 30;143(2):169–77. Available from: 

http://dx.doi.org/10.1016/j.jneumeth.2004.10.001 

33.  Isingrini E, Camus V, Le Guisquet AM, Pingaud M, Devers S, Belzung C. Association 

between repeated unpredictable chronic mild stress (UCMS) procedures with a high fat 

diet: a model of fluoxetine resistance in mice. PLoS One [Internet]. 2010 Apr 

28;5(4):e10404. Available from: http://dx.doi.org/10.1371/journal.pone.0010404 

34.  Kryst J, Majcher-Maślanka I, Chocyk A. Effects of chronic fluoxetine treatment on 

anxiety- and depressive-like behaviors in adolescent rodents - systematic review and 

meta-analysis. Pharmacol Rep [Internet]. 2022 Oct;74(5):920–46. Available from: 

http://dx.doi.org/10.1007/s43440-022-00420-w 

35.  Kraeuter AK, Guest PC, Sarnyai Z. The Open Field Test for Measuring Locomotor 

Activity and Anxiety-Like Behavior. Methods Mol Biol [Internet]. 2019; 1916:99–103. 

Available from: http://dx.doi.org/10.1007/978-1-4939-8994-2_9 

36.  Czlonkowska AI, Sienkiewicz-Jarosz H, Siemia\tkowski M, Bidziński A, Plaźnik A. The 

Effects of Neurosteroids on Rat Behavior and 3H-Muscimol Binding in the Brain. 

Pharmacol Biochem Behav [Internet]. 1999 Aug 1;63(4):639–46. Available from: 

https://www.sciencedirect.com/science/article/pii/S0091305799000301 

37.  Allen SJ, Watson JJ, Shoemark DK, Barua NU, Patel NK. GDNF, NGF and BDNF as 

therapeutic options for neurodegeneration. Pharmacol Ther [Internet]. 2013 

May;138(2):155–75. Available from: http://dx.doi.org/10.1016/j.pharmthera.2013.01.004 

38.  Wang CS, Kavalali ET, Monteggia LM. BDNF signaling in context: From synaptic 

http://paperpile.com/b/xrrzed/VsNm2
http://paperpile.com/b/xrrzed/VsNm2
http://dx.doi.org/10.1016/j.neuropharm.2016.09.016
http://paperpile.com/b/xrrzed/LxNXI
http://paperpile.com/b/xrrzed/LxNXI
http://paperpile.com/b/xrrzed/LxNXI
http://paperpile.com/b/xrrzed/LxNXI
http://dx.doi.org/10.1016/j.neubiorev.2005.03.009
http://paperpile.com/b/xrrzed/ryxse
http://paperpile.com/b/xrrzed/ryxse
https://www.ncbi.nlm.nih.gov/pubmed/7111602
http://paperpile.com/b/xrrzed/5CLLF
http://paperpile.com/b/xrrzed/5CLLF
http://paperpile.com/b/xrrzed/5CLLF
http://paperpile.com/b/xrrzed/5CLLF
http://dx.doi.org/10.1016/j.heliyon.2024.e28964
http://paperpile.com/b/xrrzed/DMUhU
http://paperpile.com/b/xrrzed/DMUhU
http://paperpile.com/b/xrrzed/DMUhU
http://paperpile.com/b/xrrzed/DMUhU
http://dx.doi.org/10.1016/j.jneumeth.2004.10.001
http://paperpile.com/b/xrrzed/6U1Wi
http://paperpile.com/b/xrrzed/6U1Wi
http://paperpile.com/b/xrrzed/6U1Wi
http://paperpile.com/b/xrrzed/6U1Wi
http://dx.doi.org/10.1371/journal.pone.0010404
http://paperpile.com/b/xrrzed/ZzWIk
http://paperpile.com/b/xrrzed/ZzWIk
http://paperpile.com/b/xrrzed/ZzWIk
http://paperpile.com/b/xrrzed/ZzWIk
http://dx.doi.org/10.1007/s43440-022-00420-w
http://paperpile.com/b/xrrzed/WVvEA
http://paperpile.com/b/xrrzed/WVvEA
http://paperpile.com/b/xrrzed/WVvEA
http://paperpile.com/b/xrrzed/WVvEA
http://paperpile.com/b/xrrzed/g3zvR
http://paperpile.com/b/xrrzed/g3zvR
http://paperpile.com/b/xrrzed/g3zvR
http://paperpile.com/b/xrrzed/g3zvR
https://www.sciencedirect.com/science/article/pii/S0091305799000301
http://paperpile.com/b/xrrzed/0hDR0
http://paperpile.com/b/xrrzed/0hDR0
http://paperpile.com/b/xrrzed/0hDR0
http://paperpile.com/b/xrrzed/0hDR0
http://paperpile.com/b/xrrzed/euBL


 

19 

 

ANTIDEPRESSANT EXPLORATION OF MOXIDECTIN: EFFECTS ON BEHAVIOR, 

NEUROTROPHIC FACTORS AND OXIDATIVE STRESS BIOMARKERS IN MICE 

 

Revista Contexto & Saúde - Editora Unijuí – ISSN 2176-7114 – V. 26 – N. 51 – 2026 – e16605 

 

regulation to psychiatric disorders. Cell [Internet]. 2022 Jan 6;185(1):62–76. Available 

from: http://dx.doi.org/10.1016/j.cell.2021.12.003 

39.  Yu H, Chen ZY. The role of BDNF in depression on the basis of its location in the neural 

circuitry. Acta Pharmacol Sin [Internet]. 2011 Jan;32(1):3–11. Available from: 

http://dx.doi.org/10.1038/aps.2010.184 

40.  Kaufman J, Yang BZ, Douglas-Palumberi H, Grasso D, Lipschitz D, Houshyar S, et al. 

Brain-derived neurotrophic factor-5-HTTLPR gene interactions and environmental 

modifiers of depression in children. Biol Psychiatry [Internet]. 2006 Apr 15;59(8):673–

80. Available from: http://dx.doi.org/10.1016/j.biopsych.2005.10.026 

41.  Castrén E, Rantamäki T. The role of BDNF and its receptors in depression and 

antidepressant drug action: Reactivation of developmental plasticity. Dev Neurobiol 

[Internet]. 2010 Apr;70(5):289–97. Available from: http://dx.doi.org/10.1002/dneu.20758 

42.  Valko M, Leibfritz D, Moncol J, Cronin MTD, Mazur M, Telser J. Free radicals and 

antioxidants in normal physiological functions and human disease. Int J Biochem Cell 

Biol [Internet]. 2007; 39(1):44–84. Available from: 

http://dx.doi.org/10.1016/j.biocel.2006.07.001 

43.  Hassamal S. Chronic stress, neuroinflammation, and depression: an overview of 

pathophysiological mechanisms and emerging anti-inflammatories. Front Psychiatry 

[Internet]. 2023 May 11;14:1130989. Available from: 

http://dx.doi.org/10.3389/fpsyt.2023.1130989 

44.  Black CN, Bot M, Scheffer PG, Cuijpers P, Penninx BWJH. Is depression associated with 

increased oxidative stress? A systematic review and meta-analysis. 

Psychoneuroendocrinology [Internet]. 2015 Jan;51:164–75. Available from: 

http://dx.doi.org/10.1016/j.psyneuen.2014.09.025 

45.  Malacarne IT, De Souza DV, Rosario BDA, Viana MDB, Pereira CDS, Estadella D, et al. 

Genotoxicity, oxidative stress, and inflammatory response induced by crack-cocaine: 

relevance to carcinogenesis. Environ Sci Pollut Res Int [Internet]. 2021 

Mar;28(12):14285–92. Available from: http://dx.doi.org/10.1007/s11356-021-12617-2 

46.  Chakraborty S, Dasgupta A, Das HN, Singh OP, Mandal AK, Mandal N. Study of 

oxidative stress in obsessive compulsive disorder in response to treatment with 

Fluoxetine. Indian J Clin Biochem [Internet]. 2009 Apr;24(2):194–7. Available from: 

http://dx.doi.org/10.1007/s12291-009-0035-9 

47.  da Silva AI, Monteiro Galindo LC, Nascimento L, Moura Freitas C, Manhaes-de-Castro 

R, Lagranha CJ, et al. Fluoxetine treatment of rat neonates significantly reduces oxidative 

stress in the hippocampus and in behavioral indicators of anxiety later in postnatal life. 

Can J Physiol Pharmacol [Internet]. 2014 Apr;92(4):330–7. Available from: 

http://dx.doi.org/10.1139/cjpp-2013-0321 

48.  Abdel Salam OME, Mohammed NA, Sleem AA, Farrag AR. The effect of antidepressant 

http://paperpile.com/b/xrrzed/euBL
http://paperpile.com/b/xrrzed/euBL
http://dx.doi.org/10.1016/j.cell.2021.12.003
http://paperpile.com/b/xrrzed/fxz49
http://paperpile.com/b/xrrzed/fxz49
http://dx.doi.org/10.1038/aps.2010.184
http://paperpile.com/b/xrrzed/kh2ge
http://paperpile.com/b/xrrzed/kh2ge
http://paperpile.com/b/xrrzed/kh2ge
http://paperpile.com/b/xrrzed/kh2ge
http://dx.doi.org/10.1016/j.biopsych.2005.10.026
http://paperpile.com/b/xrrzed/IBMfz
http://paperpile.com/b/xrrzed/IBMfz
http://paperpile.com/b/xrrzed/IBMfz
http://paperpile.com/b/xrrzed/IBMfz
http://paperpile.com/b/xrrzed/s8wwB
http://paperpile.com/b/xrrzed/s8wwB
http://paperpile.com/b/xrrzed/s8wwB
http://paperpile.com/b/xrrzed/s8wwB
http://dx.doi.org/10.1016/j.biocel.2006.07.001
http://paperpile.com/b/xrrzed/tF3I
http://paperpile.com/b/xrrzed/tF3I
http://paperpile.com/b/xrrzed/tF3I
http://paperpile.com/b/xrrzed/tF3I
http://dx.doi.org/10.3389/fpsyt.2023.1130989
http://paperpile.com/b/xrrzed/07uPy
http://paperpile.com/b/xrrzed/07uPy
http://paperpile.com/b/xrrzed/07uPy
http://paperpile.com/b/xrrzed/07uPy
http://dx.doi.org/10.1016/j.psyneuen.2014.09.025
http://paperpile.com/b/xrrzed/xyskT
http://paperpile.com/b/xrrzed/xyskT
http://paperpile.com/b/xrrzed/xyskT
http://paperpile.com/b/xrrzed/xyskT
http://dx.doi.org/10.1007/s11356-021-12617-2
http://paperpile.com/b/xrrzed/t0y2n
http://paperpile.com/b/xrrzed/t0y2n
http://paperpile.com/b/xrrzed/t0y2n
http://paperpile.com/b/xrrzed/t0y2n
http://dx.doi.org/10.1007/s12291-009-0035-9
http://paperpile.com/b/xrrzed/jkbQU
http://paperpile.com/b/xrrzed/jkbQU
http://paperpile.com/b/xrrzed/jkbQU
http://paperpile.com/b/xrrzed/jkbQU
http://dx.doi.org/10.1139/cjpp-2013-0321
http://paperpile.com/b/xrrzed/jGNfT


 

20 

 

ANTIDEPRESSANT EXPLORATION OF MOXIDECTIN: EFFECTS ON BEHAVIOR, 

NEUROTROPHIC FACTORS AND OXIDATIVE STRESS BIOMARKERS IN MICE 

 

Revista Contexto & Saúde - Editora Unijuí – ISSN 2176-7114 – V. 26 – N. 51 – 2026 – e16605 

 

drugs on thioacetamide-induced oxidative stress. Eur Rev Med Pharmacol Sci [Internet]. 

2013 Mar;17(6):735–44. Available from: 

https://www.ncbi.nlm.nih.gov/pubmed/23609356 

49.  Aguilar Diaz De Leon J, Borges CR. Evaluation of Oxidative Stress in Biological Samples 

Using the Thiobarbituric Acid Reactive Substances Assay. J Vis Exp [Internet]. 2020 May 

12;(159). Available from: http://dx.doi.org/10.3791/61122 

50.  Pellegrini, N., Vitaglione, P., Granato, D. and Fogliano, V. Twenty-five years of total 

antioxidant capacity measurement of foods and biological fluids: merits and limitations. 

J. Sci. Food Agric., 2020 100: 5064-5078. https://doi.org/10.1002/jsfa.9550 

51.  Singh RR, Reindl KM. Glutathione S-Transferases in Cancer. Antioxidants (Basel) 

[Internet]. 2021 Apr 29;10(5). Available from: http://dx.doi.org/10.3390/antiox10050701 

52.  Gawryluk JW, Wang JF, Andreazza AC, Shao L, Yatham LN, Young LT. Prefrontal 

cortex glutathione S-transferase levels in patients with bipolar disorder, major depression 

and schizophrenia. Int J Neuropsychopharmacol [Internet]. 2011 Sep;14(8):1069–74. 

Available from: http://dx.doi.org/10.1017/S1461145711000617 

53.  Gram L. Fluoxetine. N Engl J Med [Internet]. 1994 Nov 17;331(20):1354–61. Available 

from: http://dx.doi.org/10.1056/NEJM199411173312008 

54.  Kim JG, Jung HS, Kim KJ, Min SS, Yoon BJ. Basal blood corticosterone level is 

correlated with susceptibility to chronic restraint stress in mice. Neurosci Lett [Internet]. 

2013 Oct 25;555:137–42. Available from: http://dx.doi.org/10.1016/j.neulet.2013.09.031 

55.  Crochemore C, Lu J, Wu Y, Liposits Z, Sousa N, Holsboer F, et al. Direct targeting of 

hippocampal neurons for apoptosis by glucocorticoids is reversible by mineralocorticoid 

receptor activation. Mol Psychiatry [Internet]. 2005 Aug;10(8):790–8. Available from: 

http://dx.doi.org/10.1038/sj.mp.4001679 

56.  Chopra K, Kumar B, Kuhad A. Pathobiological targets of depression. Expert Opin Ther 

Targets [Internet]. 2011 Apr;15(4):379–400. Available from: 

http://dx.doi.org/10.1517/14728222.2011.553603 

57.  Cheiran Pereira G, Piton E, Moreira Dos Santos B, Ramanzini LG, Muniz Camargo LF, 

Menezes da Silva R, et al. Microglia and HPA axis in depression: An overview of 

participation and relationship. World J Biol Psychiatry [Internet]. 2022 Mar;23(3):165–

82. Available from: http://dx.doi.org/10.1080/15622975.2021.1939154 

58.  Mody I, Maguire J. The reciprocal regulation of stress hormones and GABA(A) receptors. 

Front Cell Neurosci [Internet]. 2011 Jan;6:4. Available from: 

http://dx.doi.org/10.3389/fncel.2012.00004 

59.  Miklós IH, Kovács KJ. GABAergic innervation of corticotropin-releasing hormone 

(CRH)-secreting parvocellular neurons and its plasticity as demonstrated by quantitative 

immunoelectron microscopy. Neuroscience [Internet]. 2002 ;113(3):581–92. Available 

from: http://dx.doi.org/10.1016/s0306-4522(02)00147-1 

http://paperpile.com/b/xrrzed/jGNfT
http://paperpile.com/b/xrrzed/jGNfT
https://www.ncbi.nlm.nih.gov/pubmed/23609356
http://paperpile.com/b/xrrzed/G2n5v
http://paperpile.com/b/xrrzed/G2n5v
http://paperpile.com/b/xrrzed/G2n5v
http://paperpile.com/b/xrrzed/G2n5v
http://paperpile.com/b/xrrzed/556A4
http://paperpile.com/b/xrrzed/556A4
http://dx.doi.org/10.3390/antiox10050701
http://paperpile.com/b/xrrzed/mwvy8
http://paperpile.com/b/xrrzed/mwvy8
http://paperpile.com/b/xrrzed/mwvy8
http://paperpile.com/b/xrrzed/mwvy8
http://dx.doi.org/10.1017/S1461145711000617
http://paperpile.com/b/xrrzed/OrRoC
http://paperpile.com/b/xrrzed/OrRoC
http://dx.doi.org/10.1056/NEJM199411173312008
http://paperpile.com/b/xrrzed/nP7lk
http://paperpile.com/b/xrrzed/nP7lk
http://paperpile.com/b/xrrzed/nP7lk
http://paperpile.com/b/xrrzed/nP7lk
http://paperpile.com/b/xrrzed/Qe4Zi
http://paperpile.com/b/xrrzed/Qe4Zi
http://paperpile.com/b/xrrzed/Qe4Zi
http://paperpile.com/b/xrrzed/Qe4Zi
http://dx.doi.org/10.1038/sj.mp.4001679
http://paperpile.com/b/xrrzed/VEsUB
http://paperpile.com/b/xrrzed/VEsUB
http://dx.doi.org/10.1517/14728222.2011.553603
http://paperpile.com/b/xrrzed/TcOv
http://paperpile.com/b/xrrzed/TcOv
http://paperpile.com/b/xrrzed/TcOv
http://paperpile.com/b/xrrzed/TcOv
http://dx.doi.org/10.1080/15622975.2021.1939154
http://paperpile.com/b/xrrzed/J2MB1
http://paperpile.com/b/xrrzed/J2MB1
http://dx.doi.org/10.3389/fncel.2012.00004
http://paperpile.com/b/xrrzed/qLs8B
http://paperpile.com/b/xrrzed/qLs8B
http://paperpile.com/b/xrrzed/qLs8B
http://paperpile.com/b/xrrzed/qLs8B
http://dx.doi.org/10.1016/s0306-4522(02)00147-1


 

21 

 

ANTIDEPRESSANT EXPLORATION OF MOXIDECTIN: EFFECTS ON BEHAVIOR, 

NEUROTROPHIC FACTORS AND OXIDATIVE STRESS BIOMARKERS IN MICE 

 

Revista Contexto & Saúde - Editora Unijuí – ISSN 2176-7114 – V. 26 – N. 51 – 2026 – e16605 

 

60.  Sarkar J, Wakefield S, MacKenzie G, Moss SJ, Maguire J. Neurosteroidogenesis is 

required for the physiological response to stress: role of neurosteroid-sensitive GABAA 

receptors. J Neurosci [Internet]. 2011 Dec 14;31(50):18198–210. Available from: 

http://dx.doi.org/10.1523/JNEUROSCI.2560-11.2011 

61.  Cullinan WE, Ziegler DR, Herman JP. Functional role of local GABAergic influences on 

the HPA axis. Brain Struct Funct [Internet]. 2008 Sep;213(1-2):63–72. Available from: 

http://dx.doi.org/10.1007/s00429-008-0192-2 

62.  Schüle C, Nothdurfter C, Rupprecht R. The role of allopregnanolone in depression and 

anxiety. Prog Neurobiol [Internet]. 2014 Feb;113:79–87. Available from: 

http://dx.doi.org/10.1016/j.pneurobio.2013.09.003 

63.  Chen S, Gao L, Li X, Ye Y. Allopregnanolone in mood disorders: Mechanism and 

therapeutic development. Pharmacol Res [Internet]. 2021 Jul;169:105682. Available 

from: http://dx.doi.org/10.1016/j.phrs.2021.105682 

64.  Azhar Y, Din AU. Brexanolone. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 

Publishing; 2023. Available from: https://www.ncbi.nlm.nih.gov/pubmed/31082098 

 

Submitted: October 24, 2024 

Accepted: July 10, 2025 

Published: January 2, 2026 

 

 

Author contributions 

Gregory Klein Schneider: Data curation, original draft writing, visualization, 

and investigation of the entire Project. 

Francini Arboit: Involved in portions of the investigation. 

Vitória Schnath: Involved in portions of the investigation. 

Guilherme Vargas Bochi: Resources and supervision 

Maria Amália Pavanato: Resources and supervision 

Isabela Andres Finamor: Involved in portions of the investigation 

Valério Marques Portela: Resources and supervision 

Leonardo Andrade: Involved in portions of the investigation 

http://paperpile.com/b/xrrzed/NWme3
http://paperpile.com/b/xrrzed/NWme3
http://paperpile.com/b/xrrzed/NWme3
http://paperpile.com/b/xrrzed/NWme3
http://dx.doi.org/10.1523/JNEUROSCI.2560-11.2011
http://paperpile.com/b/xrrzed/EXVwT
http://paperpile.com/b/xrrzed/EXVwT
http://dx.doi.org/10.1007/s00429-008-0192-2
http://paperpile.com/b/xrrzed/OeDQ9
http://paperpile.com/b/xrrzed/OeDQ9
http://dx.doi.org/10.1016/j.pneurobio.2013.09.003
http://paperpile.com/b/xrrzed/MYSMK
http://paperpile.com/b/xrrzed/MYSMK
http://paperpile.com/b/xrrzed/MYSMK
http://paperpile.com/b/xrrzed/MYSMK
http://paperpile.com/b/xrrzed/KDOKW
http://paperpile.com/b/xrrzed/KDOKW
https://www.ncbi.nlm.nih.gov/pubmed/31082098


 

22 

 

ANTIDEPRESSANT EXPLORATION OF MOXIDECTIN: EFFECTS ON BEHAVIOR, 

NEUROTROPHIC FACTORS AND OXIDATIVE STRESS BIOMARKERS IN MICE 

 

Revista Contexto & Saúde - Editora Unijuí – ISSN 2176-7114 – V. 26 – N. 51 – 2026 – e16605 

 

Eliane Maria Zanchet: Manuscript review, editing, supervision, 

resources, methodology, project administration, 

funding acquisition, conceptualization, and 

investigation 

All the authors approved the final version of the text. 

Conflict of interest: The authors declare no conflict of interest. 

Funding: All funding was provided by CAPES/Brazil. 

Corresponding author: Eliane Maria Zanchet 

Universidade Federal de Santa Maria – UFSM 

Departamento de Fisiologia e Farmacologia.  

Av. Roraima nº 1000 Cidade Universitária Bairro – Camobi. 

Santa Maria / RS, Brazil. Zip code 97105-900 

eliane.m.zanchet@ufsm.br  

Editor-in-chief:  Adriane Cristina Bernat Kolankiewicz. PhD 

Editor: Matias Nunes Frizzo. PhD 

 

This is an open-access article distributed under the terms of the Creative Commons license.  

 

mailto:eliane.m.zanchet@ufsm.br
https://creativecommons.org/licenses/by/4.0/

