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ABSTRACT 
 

Betta splendens is a highly aggressive species of fish with strong behavioral responses, 
which makes it useful in testing the effects of anxiolytic or “anxiety breaking” substances to 
determine their effectiveness in living organisms. This experiment measured the aggressive 
responses of 14 male Betta splendens (also known as “bettas,” or Siamese fighting fish) when 
allowed to see their images in a mirror, because males of this species are known to react 
aggressively towards their own kind. The effects of four different plant extracts on betta behavior 
were investigated, each of which is believed to have anxiolytic effects. By counting the number 
of flares (gill openings) and strikes at a mirror over ten-minute periods, and comparing 
frequencies between fish that were treated and untreated, it was concluded that reserpine (from 
Indian snakeroot--Rauvolfia serpentina), cannabidiol (a legal extract from industrial 
hemp--Cannabis sativa), and tea made from holy basil (Ocimum tenuiflorum) may have 
anxiolytic properties after results were compared with one-way ANOVA and post-hoc Tukey 
honestly significant difference test (HSD). Cilantro (coriander or Chinese parsley--Coriandrum 
sativum) did not show an effect at tested concentrations. Due to the related evolutionary origins 
of fish and humans, this non-invasive method of testing has been shown to yield reliable results 
without long-term effects on test subjects, and may be used to explore the effectiveness of many 
different plant extracts and medications for calming anxious or aggressive behavior. 
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INTRODUCTION 
Vertebrate brains are the most complex of all animals (Shepherd, 1994), and backboned 

organisms share brain structures such as the medulla oblongata (Rovainen et al., 1985), a region 
that is responsible for automatic functions, including heart rate and breathing (Mackie, 2008). 
Vertebrates and some of their close relatives also have basal ganglia (Grillner et al., 1998), which 
is involved in thought processes and emotional responses (Weyhenmeyer and Gallman, 2007). 
Another portion of the brainstem, called the locus coeruleus, appears to be activated when a test 
subject is under stress (Steimer 2002). Each of these features was most likely present in the last 
common ancestor of fish and land-living vertebrates, which lived during the Devonian period 
(Ruta et al., 2007) between 358.9 million years and 419.2 million years ago (Gradstein et al., 
2004). As a result of this common ancestry, several experiments have tested the effects of 
various chemicals on fish, both for the influence of environmental contaminants on aquatic 
habitats, and for the possibility of finding new medications that might treat disorders in humans. 

The study of ethology, or natural behavior, has been investigated by scientists as a means 
of understanding interactions among fish, along with interactions between fish and their 
environment (Baerends, 1971). Among these studied behaviors is scototaxis, or the preference of 
dark to light regions of a habitat, and this response has been considered a measure of anxiety in 
goldfish (Carassius auratus), zebrafish (Danio rerio), and guppies (Poecilia reticulata) when 
tested in captive situations (Maximino et al., 2010). Two other species of fish that are commonly 
used in ethological experiments are the Siamese fighting fish (Betta splendens) and the 
three-spined stickleback (Gasterosteus aculeatus). Three-spined sticklebacks are considered 
potential models for neuroscience research into anxiety and aggression, both in their response to 
attacking images in mirrors, and their tendency to dive to the bottom of a container when 
exposed to stress (Norton and Gutierrez, 2019). Siamese fighting fish (Betta splendens), also 
known as bettas, have been studied for their complex combat displays in male-male encounters 
and courtship behavior in male-female encounters (Bronsten, 1984). These highly visible 
responses have allowed scientists to investigate the effects of exposure to anxiety medications 
intended for humans (Dzieweczynski and Hebert, 2012) and environmental contaminants such as 
arsenic (Tudor et al., 2019) and mercury (II) chloride (Mansur et al., 2012) in order to understand 
their influence. Added benefits are that bettas are available in most pet stores throughout the 
United States, and are relatively inexpensive. 

Anxiety can be considered an emotional reaction to, or anticipation of, a threatening 
stimulus, and it can be induced by placing animals in situations where stressors are applied 
(Neumann et al., 2010). Anxiety can be correlated with aggression, because ethologists who 
study natural behavior consider anxiety to be a trigger for both defensive actions (which may 
include aggression) or the impulse to escape from danger; this is the “fight or flight” response 
that many animals share (Steimer, 2002). Aggression in males of all species is also considered 
necessary to meet basic needs such as nutrition, territory, and mating partners (Neumann et al., 
2010). To put this in perspective, human behaviors in stressful situations are very similar to those 
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of many other animals, although humans may show a greater degree of diversity in their 
responses to threats (Steimer, 2002). Some of this diversity may actually help explain an 
individual human’s risk of developing stress-induced diseases (Steimer, 2002), and therefore 
understanding the spectrum between anxiety and aggression in other species can have a direct 
link to human health. Tests for anxiety in animals such as rats may use a “black-white” box 
(Neumann et al., 2010), and can induce behaviors similar to scototaxis in fish. If a rat placed in 
one of these boxes spends the majority of its time in the black section, they are considered to be 
experiencing elevated levels of anxiety (Neumann et al., 2010), and if a rat spends equal times in 
both the white and black sections, they are considered to be experiencing lower levels of anxiety 
(Neumann et al., 2010). The fact that rats, which have brains that are very similar to humans 
(Palmer, 2020), exhibit anxious behaviors from stress that are nearly identical to fish, indicate 
that a treatment which might be given to fish to relieve symptoms of anxiety might also apply to 
rats and humans. 

In rats, aggression among males can be measured through the resident-intruder test, 
which is where male rats are housed with a female for a period of several days or weeks, 
allowing the male rat to develop a sense of his “territory” (Neumann et al., 2010). After an 
appropriate amount of time has passed, the female is removed and a smaller, male rat is 
introduced. Interactions between these two males are recorded, and measurements such as the 
time between introduction to initial attack, anxious behavior, and the duration of combat are 
recorded (Neumann et al., 2010). Interestingly, aggression in both LAB (low anxiety behavior) 
and HAB (high anxiety behavior) rats were found to be higher than those rats that exhibited 
normal levels of anxiety behavior (NAB) (Neumann et al., 2010). These results indicate a 
linkage between aggression and anxiety, which means that treatments that alter levels of 
aggression may also have an impact on anxious behavior. 

One of the major neural systems that responds to stressful situations in mammals is called 
the HPA axis, and it refers to interactions between the pituitary gland (at the base of the brain), 
the adrenal glands (located near the kidneys), and the hypothalamus (in the brain) (Neumann et 
al., 2010). The locus coeruleus may also be involved in this responsive pathway (Steimer, 2002), 
and these structures share similarities with a feature in the forebrain of fish known as the pallium 
(Rodriguez et al., 2006). This pathway in mammals is well-studied; the HPA axis begins a stress 
response with the release of corticotropin-releasing hormone in the hypothalamus, which causes 
a release of ACTH (adrenocorticotropic hormone) from the pituitary gland, which then leads to 
the secretion of glucocorticoids from the adrenal glands (Neumann et al., 2010). These 
glucocorticoids then trigger physiological and behavioral adaptations throughout the body 
(Neumann et al., 2010). Experiments that monitor the levels of glucocorticoids in the blood show 
that both high and low levels of glucocorticoids have been associated with high aggression 
(Neumann et al., 2010), which provides a physiological basis for understanding why both 
high-anxiety and low-anxiety rats (and possibly other animals) can show aggressive tendencies. 
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Various plant extracts and herbal supplements have been marketed for their anti-anxiety 
or stress-reducing benefits, although very few have been thoroughly investigated, and many 
studies are in need of replication before any conclusions can be made (Hoenders et al., 2018). 
Among the most studied is reserpine, having been used both as an antipsychotic and to lower 
blood pressure (Baumeister et al., 2003). Since the 1960s, this compound extracted from the 
Indian snakeroot plant (Rauvolfia serpentina) has also been considered a possible cause for 
depression in certain patients, because it decreases the brain’s concentration of monoamine 
neurotransmitters such as dopamine, epinephrine, and serotonin (Mulnari, 2012), while other 
researchers have debated this claim (Baumeister et al., 2003). Of these three neurotransmitters, 
serotonin appears to have the strongest link to anxiety, because several classes of medications, 
including monoamine oxidase inhibitors (MAOIs) are used to treat anxiety symptoms by 
maintaining higher levels of serotonin in the brain through slowing its natural breakdown by 
enzymes (Buigues and Vallejo, 1987). As reserpine appears to have the opposite effect, depleting 
levels of serotonin and other monoamines, this is the main reason that it has been linked to 
depression (Mulnari, 2012), although certain preparations made from the Indian snakeroot plant 
appear to have antidepressive effects (Baumeister et al., 2003) and the earliest studies suggested 
that it could be used as an anxiety treatment (Davies and Shepherd, 1955). 

One of the newest substances to be considered in anxiety treatments is cannabidiol 
(CBD), which is derived from the industrial hemp plant (Cannabis sativa) and was legalized 
through the Agricultural Improvement Act of 2018 (U.S. Food and Drug Administration [FDA], 
2019). Though this legalization is very recent, traditional use of Cannabis sativa extends back 
many thousands of years (Schrot and Hubbard, 2016). Industrial hemp has very low 
concentrations of the psychoactive compound tetrahydrocannabinol (THC), another derivative of 
Cannabis sativa that, along with CBD, is considered for medications that affect the basal ganglia 
(a group of structures found within the cerebral hemispheres of the brain), such as Huntington’s 
disease (Fernández-Ruiz et al., 2013). At present, plants with high levels of THC content are still 
considered illegal under federal law, although some states have challenged this prohibition in 
recent years through medical marijuana and recreational marijuana legislation (Clarke and 
Merlin, 2016). Cannabinoids such as THC and CBD are believed to interact with cannabinoid 
receptors, which are proteins in cell membranes of the basal ganglia that appear to have 
connections to pain, memory, and mood (Aizpurua-Olaizola et al. 2017). There appear to be two 
main types of cannabinoid receptors, which are designated CB1 and CB2; CB1 receptors are found 
in parts of the brain that are known to interact with cannabinoid-like brain chemicals called 
endocannabinoids, while CB2 receptors are found in cells that are part of the immune system 
(Mackie, 2008). Interestingly, the medulla oblongata does not appear to have any cannabinoid 
receptors (Mackie, 2008), which suggests that compounds like THC and CBD will not have an 
impact on the most basic bodily functions like heartbeat and breathing. Nevertheless, these 
compounds have been investigated as treatments for anxiety (Shannon et al., 2019), and one 
medication derived from CBD has been approved by the U.S. Food and Drug Administration to 
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treat epilepsy (Caceres, 2019), but many researchers believe that more research is needed before 
any conclusions can be drawn about the therapeutic potential for CBD and other cannabinoids 
(Kluger et al., 2015). 

With regard to the legality of CBD products, industrial hemp (from which CBD is 
produced) is legal to grow under federal law (U.S. Food and Drug Administration, 2019), under 
Pennsylvania law (“CBD in Pennsylvania”, n.d.), and is legally available for use in pets through 
online retailers, although the formulations that are used for pets may differ from those that are 
intended for people (“Are CBD oils for pets legal?,” 2020). Though many CBD products are sold 
in age-restricted dispensaries and vape shops (where products containing THC or tobacco might 
also be offered), there are no legal age restrictions for purchasing CBD products online, whether 
they are intended for animals or people (“Is CBD safe for all ages?”, n.d.). Aside from these 
considerations, the main ingredients of CBD products intended for pets and people are identical, 
and so it appears that one might be able to draw conclusions about the effectiveness of CBD 
products on anxiety and aggression whether they are intended for pets or for human beings. 

Three other plants with potential interest for studies of anxiety and aggression are kava 
(Piper methysticum), tulsi (Ocimum tenuiflorum) and coriander (Coriandrum sativum). These 
three plant extracts have not been as extensively studied as the previous two compounds, 
although all have been marketed for their supposed anxiolytic properties. Kava has a variety of 
names across the South Pacific region where it has traditionally been consumed as a drink 
(Lynch, 2002), and extracts from the roots of this plant appear to contain several different 
compounds known as “kavalactones” (Tzeng and Lee, 2015). Tests on kava extracts with human 
patients suggests that they provide benefits for elderly patients suffering from anxiety (Kuchta et 
al., 2017), although other studies indicate that it might be more effective in younger patients and 
women (Witte et al., 2005). In high doses, kava extracts might also be toxic, especially to the 
liver, which has led them to be banned in Canada and the European Union (Clouatre, 2004). 
Nearly all studies of kava so far urge the need for further investigation. 

Like kava, tulsi or “holy basil” has been grown and used as a medicinal plant for 
thousands of years, and is considered by many to have a wide range of health effects, including 
as an anxiolytic (Cohen, 2014). Also like kava, tulsi extracts contain a variety of compounds 
(Sundaram et al., 2012), although none of these appear to be directly related to anxiety or 
aggression at the present time. Coriander, which is also known as cilantro, has been used as an 
ingredient in cooking (Zohary and Hopf, 2012), and may be useful in treating anxiety at high 
concentrations (Mahendra and Bisht, 2011), although with all of these additional compounds, 
further investigation is required before any conclusions can be made. 
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MATERIALS AND METHODS 
To begin this experiment, 14 Betta splendens were purchased from local pet stores, and 

included both the blue (n = 6) and red (n = 8) varieties. Research has shown that females prefer 
red males (Tudor et al., 2019), which may underlie differences in overall physiology, although 
this has not been conclusively determined. Bettas were kept individually in 19 L aquaria, and 
provided with filtration and a heater that maintained water temperatures at 27.0oC (±1.0 oC). 

For testing, bettas were introduced into a smaller, 2880 mL container that was covered on 
the bottom and sides. This testing chamber was divided into three equal sections (Fig. 1) in order 
to track fish preferences for one area of the test tank when compared to another. Once fish were 
introduced into this container, they were allowed to acclimate for ten minutes (Tudor et al., 
2019) before any plant extracts were introduced, and before a mirror was lowered into the 
container. 

Plant extracts were all obtained through online sources, and arrived in dropper bottles 
after the extraction had already been performed. Care was taken to ensure that all compounds 
were water-soluble, to allow proper uptake by fish through normal gill exchange with the 
surrounding water. This includes the plant extract that contained cannabidiol (CBD), which is 
often available in an oil-based (water insoluble) form, although some online pet medication 
vendors do offer CBD in a water-soluble formula. The exact nature of the modifications to make 
CBD water soluble were not disclosed, as this is considered a proprietary secret from the 
supplying company. 

After the ten minutes for acclimation had passed, fish were treated with a plant extract or 
left untreated as a control, the water was gently stirred with a plastic spoon, and a mirror that 
spanned the test tank’s entire width was lowered for the fish to see. In each test tank, the mirror 
was placed in Section 1 (see Fig. 1) in order to ensure consistency. Lighting and temperature 
were kept constant, and fish that received treatments were chosen to ensure that each fish was 
represented approximately the same number of times throughout this experiment. 
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Figure 1. The testing tank for all betta experiments, which was divided into three equal sections. 
The mirror to test for aggressive responses was always placed on the leftmost side of Section 1. 

As soon as the mirror was introduced into each test tank, a video was recorded for twenty 
minutes on an iPad 2 or iPad Mini. These videos were then divided into two segments, in order 
to record fish response to both the mirror and the plant extract treatment over ten-minute 
intervals when compared to the controls. This was, in part, to determine the approximate time 
that it would take an extract to take effect, as well as to determine consistency in the number of 
aggressive acts that male bettas would make towards an image of themselves in a mirror (Fig. 2). 
Ten videos were made for each treatment, as were ten videos of controls. 

 

  
Figure 2. Gill flare (opening of the operculum, or gill cover) from a male Betta splendens. Flares 
and mirror strikes were both counted as aggressive acts. 
 

Each ten-minute segment was given a number, posted on YouTube, and viewed by two 
different observers without any information attached regarding the treatment, in order to avoid 
potential viewer bias (Norton and Gutierrez, 2019). Counts were made of two different acts of 
aggression--the “flare,” when male bettas open the operculum (gill covering) in order to appear 
larger, and the “strike,” when the fish makes contact with the mirror to try and bite its perceived 
rival. These two acts were tabulated for each video by each observer, an average was taken, and 
values for each treatment were compared through a one-way ANOVA (analysis of variance) and 
a post-hoc Tukey HSD (honestly significant difference) test. Data from fifty seven videos were 
analyzed and compared, although some of these videos were eliminated from the final tally in 
order to ensure consistency of numbers for each treatment. The website used for all statistical 
analysis is https://astatsa.com/OneWay_Anova_with_TukeyHSD/. 

Though several different concentrations of each plant extract were originally tested, the 
data reported in this experiment were the lowest doses given, because those were the most 
extensively used. Low concentrations were preferable to high doses due to concerns for each 
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fish’s health. Concentrations were as follows: 0.2 μg/mL for reserpine, 0.1 μg/mL for CBD, 20.0 
μg/mL for tulsi, and 3.0 μg/mL for coriander. These doses were similar to prior experiments with 
three-spined sticklebacks at 25 μg/mL for the anxiolytic compounds fluoxetine and buspirone 
(Norton and Gutierrez, 2019), 10 μg/mL to 100 μg/mL for arsenic (Tudor et al., 2019), and 40 
μg/mL for mercury (II) chloride (Mansur et al., 2012). For an initial set of tests, fish exposed to 
kava root extract showed signs of distress at dosages of 34 μg/mL, therefore it was decided to 
discontinue testing of this extract. No fish died as a result of any treatment, or showed any 
long-term negative health effects. 

 
RESULTS 

When fish movements were observed in the test tank during the ten minutes of 
acclimation before the mirror was inserted, fish occupied each section almost exactly 33% of the 
time. When the mirror was placed in Section One, male Betta splendens remained exclusively in 
that section, except for two fish that appeared to completely lose interest in their reflection under 
the influence of cannabidiol (CBD). Of the five extracts tested, kava root was discontinued after 
two trials, because one fish’s gill contractions became alarmingly rapid upon exposure, while 
another swam in a very agitated fashion and appeared ready to leap from the test tank. Both of 
these fish were removed, placed back in their home aquaria, and made full recoveries. 

For the remainder of this experiment, male Betta splendens in the untreated videos (n 
=10) demonstrated aggression an average of 116.77 times over a ten-minute period (standard 
deviation = 43.39), while the results for reserpine (n =10, x̄  = 68.67, standard deviation = 29.97, 
p = 0.0074), tulsi (n =10, x̄  = 39.67, standard deviation = 11.85, p = 0.0054) and CBD (n =10, 
x̄  = 6.55, standard deviation = 8.03, p = 0.0010) all indicate notably lower levels of aggression 
when compared to the untreated controls. The only extract that did not show this trend was 
coriander (n =10, x̄  = 77.00, standard deviation = 34.56, p = 0.1017). These results are all 
shown graphically in Figure 3. 
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Figure 3. The effects of plant extracts on the aggressive behavior of Betta splendens when 
compared with a control. Reserpine, tulsi, and cannabidiol (CBD) all appear to produce 
statistically-significant calming effects, while the anxiolytic effects of coriander (cilantro) have 
not been confirmed. Due to possibly toxic effects on bettas, kava extract was discontinued, and 
not reported.  
 
DISCUSSION 
 

Though efforts were made to be as objective as possible over the course of this 
experiment, by separating observations from treatment data and averaging the numbers of 
aggressive acts from different observers, some fish were so highly aggressive that it was difficult 
to determine the exact numbers of strikes and flares that occurred in rapid succession when the 
fish became especially agitated. Though this may have resulted in a slight undercount in the total 
numbers of aggressive acts, results of this experiment largely confirm that plant extracts with 
suspected anxiolytic properties do actually have a significant effect on the aggressive behavior of 
male Betta splendens, which also supports the hypothesis that aggressive behavior and anxiety 
are linked. This hypothesis was previously suggested when male bettas showed lower levels of 
aggression towards “dummy” males after exposure to the antidepressant fluoxetine 
(Dzieweczynski and Herbert, 2012).  

Interestingly, just as fluoxetine was demonstrated to have an effect on fish behavior even 
at extremely low doses (Dzieweczynski and Herbert, 2012), cannabidiol was also shown to 
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reduce fish aggression most effectively, and at the lowest dose of any plant extract. Of all of the 
trials with CBD, even down to a concentration of 0.1 μg/mL, the fish appeared to settle into an 
extremely relaxed state, settling on the bottom or top of the test tank and showing no interest in 
the mirror. Those attacks that were measured during the CBD tests usually occurred during the 
first fifteen minutes after exposure, and then decreased to zero, which means that CBD 
sometimes took longer than ten minutes to have its maximum effect. Though these fish appeared 
to have been sedated, they did respond quickly when a net was inserted into the water, and were 
fully capable of swimming away from the approaching “danger” when transferring them back to 
their home tank. This outcome may be due to the fact that the medulla oblongata, which is in 
charge of autonomic functions such as breathing (in mammals) and heart rate, does not appear to 
have any cannabinoid receptors (Mackie, 2008) and would therefore not be influenced by this 
compound, while structures that process more complex behaviors might be impacted. These 
periods of relaxation in Betta splendens as a result of CBD exposure lasted for several hours, 
although respiration and heartbeat did not appear to be affected, because these fish are still 
healthy at the time of writing and show no signs of lasting effects. It should be noted that these 
fish persisted in this extremely relaxed state upon returning to their home tanks for several hours, 
and did not make the usual exploratory swims upon reintroduction to their habitat, so the 
sedative effects of CBD could not be completely discounted. However, by the next day, these 
fish returned to normal behavior, including high levels of aggression when exposed to a mirror.  

Initial tests with nonaggressive fish (goldfish and guppies) and similar concentrations of 
CBD did not demonstrate any observable decrease in swimming behavior, nor did these 
concentrations have a clear effect on the walking behaviors of crayfish (Procambarus clarkii), 
although these tests will have to be repeated and explored in greater detail in order to determine 
if there was any sedative effect of CBD on other species. It will also be interesting to pursue 
additional research about the effects of CBD on crayfish aggression, because Procambarus 
clarkii is considered another model organism for neuroscience research (de Abreu et al., 2019).  

Though measuring the exact volume of water pumped over a betta’s gills over the course 
of ten minutes would be difficult to determine accurately, it would not be unreasonable to 
assume that a fish might pump 10 mL of water over its gills over that time period, and assuming 
that 10% of the CBD that is dissolved into the water diffuses into the fish’s bloodstream, that 
would mean that a betta might receive a dose of 0.1 μg during these tests. If the average male 
Betta splendens weighs 1.9 grams (“What is the weight of a betta fish?,” 2011), and the average 
male human weighs 194.7 pounds (“What is the average weight of a human being?,” n.d.), or 
88,300 grams, then the dosage that a human would need for a similar anxiolytic effect is 88,300 / 
1.9 x 0.1 μg, which would be 4,650 μg, or 4.65 mg. In the units of mg/kg that are usually 
considered for toxicity studies, this would translate to 4.65 mg/ 88.3 kg, or 0.0527 mg/kg, which 
is far below the “low dose” safe level for CBD at 246 mg/kg that has been calculated for mice 
(Ewing et al., 2019). The first human CBD medication for epilepsy is given at a dose of 2.5 
mg/kg (“Epidiolex: side effects, dosage & uses,” 2018), which is relatively close to the dosage 
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calculated from fish data, and avoids harmful side effects such as hepatotoxicity that are possible 
with high doses of CBD (Ewing et al., 2019). One reason that the effective doses are about five 
times higher in humans than fish might be due to brain size, because humans have larger brains 
and many more CB1 receptors that could be targeted. Both dosages are much lower than what 
might be considered a potentially hazardous level, and so CBD may be an effective, and 
relatively safe, anxiolytic compound that needs further investigation. 

Tulsi (Ocimum sanctum) appeared to be the second most effective plant extract out of 
those tested for lowering aggression in Betta splendens, and this suggests that at least one of the 
many claims made for this plant--along with lowering blood glucose levels and antimicrobial 
activity (Cohen, 2014)--may have scientific merit. This particular extract was taken from tea that 
also included dried rose petals (Rosa sp.), which may have medicinal properties (Boskabady et 
al., 2011); however, none of the compounds in rose petal extract are known to have definite 
anxiolytic properties, although inhaling rose oil may have calming effects on rats (de Almeida et 
al., 2004). 

Results observed with reserpine appear to confirm its anxiolytic and possibly 
antidepressant effect, although the mechanism by which it might have this effect is still not 
understood if it reduces the levels of monoamine neurotransmitters such as serotonin in the brain 
(Mulnari, 2012). Due to the fact that it did lower fish aggression, it is not unreasonable to 
conclude that reserpine does indeed have a depressive effect on fish, although it was beyond the 
scope of this experiment to determine and compare the levels of neurotransmitters within the 
brains of the Betta splendens test subjects, because these animals could not be harmed. Further 
research might investigate scototaxis rather than aggression in Betta splendens or another fish 
species, in order to draw a better conclusion about the anxiolytic effects of reserpine. 

Though coriander extracts were not shown to have a significant effect on betta aggression 
over the course of this experiment, previous research suggested that in mice, only doses of 100 
mg/kg to 200 mg/kg would have an anxiolytic effect that was similar to the anti-anxiety 
medication diazepam, while a lower dose of 50 mg/kg did not have any effect (Mahendra and 
Bisht, 2011). Calculations for the dosage given to male Betta splendens, making the same 
assumption that was made with CBD that 10% of the extract would enter the fish’s blood 
through its gills, would be as follows: 330 mg whole leaf extract in 1.0 mL of liquid was 
dissolved in 2880 mL of water in the test tank, and would produce a concentration of 0.115 
mg/mL. Estimating a flow rate through the betta’s gills of 10 mL over a 10 minute period, it 
would mean that 0.115 mg would be ingested if 10% were diffused into the fish’s blood. 
Assuming again that an average male Betta splendens weighs 1.9 g, or 0.0019 kg, the dosage in 
mg/kg for this extract would be 60.5 mg/kg, which might be too low to have an anxiolytic effect. 
Further research should increase the concentration of this extract, as long as it can be determined 
that there will be no negative side effects. These harmful consequences could not be ruled out for 
kava (Piper methysticum), and this extract was not tested when initial trials suggested that it 
might be irritating or bothersome to fish. Research into the toxicity of kava has indicated that this 
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might be due to certain kava extracts being contaminated with compounds that cause liver 
damage (Clouatre, 2004), but on the other hand, one promising study claims that kavalactones 
might interact with CB1 receptors that are part of the endocannabinoid system (Ligresti et al., 
2012), raising the question of whether an uncontaminated kava root extract might have a similar 
effect to CBD. 

Though this experiment did not include female betta fish, it has been shown in a previous 
study that female Betta splendens tend to prefer males that are red in color, except when exposed 
to high levels of arsenic (100 μg/L), after which females showed no color preference and also 
exhibited signs of elevated anxiety (Tudor et al., 2019).  Effects of plant extracts and other 
compounds on female preference is quite an interesting angle to consider for future experiments, 
and so might the influence of compounds that could lower the anxiety caused by environmental 
contaminants.  

These responses to arsenic exposure do indicate that certain known toxins can have 
behavioral effects on Betta splendens, and arsenic has long been known to be a dangerous poison 
(Vahidnia et al., 2007). This outcome could lead to an alternative hypothesis about the effect of 
plant extracts on betta behavior: that these males are being poisoned, making them less inclined 
to fight. While no observational evidence supports this hypothesis (aside from a possible 
negative response with kava extract), this would mean that these plant compounds might affect 
behavior in a manner that is similar to arsenic and mercury (II) chloride, which is known to 
accumulate in body tissues and the brain (Bernhoft, 2012), lowering incidence of many fish 
activities, including feeding, fighting, and swimming (Mansur et al., 2012). When mercury (II) 
ions enter the brain, they require more than a month for half of these ions to be excreted 
(Bernhoft, 2012), and this suggests that both mercury (II) and arsenic could have long-lasting 
effects (Vahidnia et al., 2007). Such a response would be different from the pharmacological 
reaction that one might expect from medications, and due to the fact that the fish in this 
experiment recovered to normal behavior in less than twelve hours, it is more likely that the plant 
extracts had a drug-like effect on these fish, rather than longer-term poisoning, because the fish 
would need more time to recover if there had been damage to the brain or body tissues. It should 
also be noted that none of the previous studies on these compounds suggested any long-term 
toxic effects, aside from kava, which was discontinued. 

One final argument that might be made to refute the findings of this experiment is that 
betta fish would respond with lowered aggression to any contaminant that might be dissolved in 
otherwise pure water. While it is true that other compounds with no known pharmacological 
effect should be included in future experiments, it should be noted that the betta’s natural 
environment includes rice paddies, drainage ditches, and slow-moving rivers (Rainboth, 1996), 
which surely contain a wide variety of dissolved substances and in no way could be considered 
“pristine” or “pure.” In fact, it is recommended by many people who keep and breed betta fish 
that they should place leaves of the Indian almond leaf (Terminalia catappa) in their aquaria so 
that beneficial plant compounds such as tannins may dissolve in the water, helping bettas to feel 
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more “at home” (“Bettawan: How to Use Indian Almond Leaves (IAL) in the Aquarium,” n.d.). 
Further testing might include “teas” made from this plant and other leaves, or possibly using 
decaffeinated green or black tea to investigate how fish will respond to it.  

 
CONCLUSION 
 
The research presented in this paper provides evidence that certain plant extracts have anxiolytic 
(anxiety-breaking) properties, including cannabidiol (CBD), reserpine, and holy basil (tulsi), 
while coriander will need to be tested at higher concentrations in order to determine if it has an 
actual anxiolytic effect. This investigation continues to build on prior research of the linkage 
between anxiety and aggressive behavior, and further supports the use of Betta splendens as a 
useful model organism for behavioral research. 
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