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Abstract  

The number of violent crimes associated with alcohol consumption and levels of violent 

crime committed by women are increasing around the world. Social aggression in rodents has 

been used to explore various aspects of what makes mammals fight: such as environmental 

conditions, the status of a conspecific, and the effects of substances of abuse. The resident-

intruder confrontation in mice and rats engender species-typical territorial aggressive behaviors 

to examine intermale and interfemale aggression. Previous research has shown that ethanol and 

self-administration increases aggressive behavior in a subpopulation of outbred mice. Similar 

increases in aggression are seen in male mice after treatment with low doses of benzodiazepines. 

Most research in this field has focused on male mice. A greater understanding of the nature of 

female aggression is necessary as levels of violent crime committed by women have increased in 

the past few decades, including crime committed under the influence of alcohol. This study 

introduces a method of resident-intruder aggression in non-reproductively active females to 

understand the differences in expression in male and female aggression and to explore 

differences in the expression of aggression in female mice mediated by alcohol, benzodiazepines, 

and the quality of the stimulus animals.  
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Introduction 

 In recent decades, the level of violent crime committed by women has increased and it 

shows no sign of declining (Poe-Yamagata and Butts, 1996); (Chesney-Lind and Pasko, 

2004). This increase in crime includes violence committed under the influence of alcohol 

(Greenfeld and Snell, 2000) (Graves, 2007). This phenomenon has put into perspective how 

little is known about female aggressive behavior, and under what conditions women express 

inappropriate aggression. Most preclinical research has focused heavily on male subjects. The 

dearth of attention given to female aggression means that a comparison is difficult. The research 

with males and females suggests that in many species there is a significant sex difference in the 

expression of aggression. There has been a paucity in the number of studies of females by the 

preclinical research community until recently. In 2014, the director of the NIH Office of 

Research on Women’s Health released a statement on the lack of female subjects used in 

preclinical research in contrast to clinical studies (Clayton and Collins, 2014). Without a more 

developed understanding of the sex differences in the expression of aggression, informed clinical 

intervention for women offenders and the violent crime committed by females is impossible. An 

effort must be made in preclinical research to explore the expression and mediation of aggression 

in females.  

Current research conditions prevent the study of the mechanisms underlying aggression 

in human models. Current techniques of measuring molecular-level changes are either highly 

invasive or ethically unfeasible. Ethical considerations prevent the studying of direct forms of 

aggression or social confrontation in the laboratory. Because of this, human studies of aggression 

focus on modes of indirect expression. Techniques such as the Taylor aggression paradigm 

(TAP) or the avoidance of point loss procedure promulgated by Cherek (Cherek, 1983) have 
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been used to idirectly measure aggression. The TAP leads the subject to believe that he is 

competing against another participant in a test of reflexes. The winner of each round gives a 

shock to the loser as punishment. The opponent of a participant is either a confederate or is non-

existent. The pattern of winning and losing is pre-determined. The TAP focuses measuring the 

intensity and the duration of a shock given to the opponent under provoked or unprovoked 

conditions as a measure of aggressive behavior (Taylor 1967). The Taylor aggression paradigm 

is sensitive enough to show a behavioral difference between male individuals given varying 

doses of alcohol (Giancola and Zeichner, 1997). Females tested using the TAP show a 

significant effect on willingness to administer aggressive shocks to an opponent with prior 

exposure to alcohol. Alcohol consumption significantly increased the duration of the shocks 

administered by women, but not the intensity. Men increased both the intensity and the duration 

of shocks they administered with alcohol consumption prior to participating in a TAP. This was 

interpreted by the experimenters as an expression of indirect aggression (Giancola and 

Zeichner, 1995; Giancola et al, 2009). This research proposes that women are more selective 

about expressing aggression. Studies with avoidance of point loss operate lead participants to 

believe that they are competing with a fictitious opponent. Aggressive responses are measured by 

participants selecting the option to make an opponent to lose points while the option to earn 

points in a nonaggressive manner is present (Cherek et al, 1990). This paradigm has shown that 

both males and females reveal significant individual differences in aggressive responding after 

consuming low doses of alcohol (Cherek et al, 1992; Dougherty et al, 1996) and that these 

were different across sexes (Dougherty et al, 1999). These studies provide a small window into 

the nature of the sex difference in aggression, but they have significant shortcomings. They do 

not measure social aggression. In these studies, the target of the subject’s aggression is 
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nonexistent or unseen. This dissociates the participant from the aggressive behavior, even if they 

are told that they are is administering shocks to another person. These methods therefore 

imperfectly translate to a real-world setting because the consequences of the aggression are not 

available to the participant. The procedure developed by Cherek may be confounded based on 

the idea that participants are acting aggressively to avoid the negative outcome of a loss of 

points. There are more far-reaching issues to be taken into account when conducting aggression 

studies in humans. For example, there is no possibility for control over variables such as living 

condition, stressors, and prior use of drugs. The inability to ethically model direct forms of 

aggression in humans is problematic because as violent crime is a direct confrontation. Human 

research also has the added complication of a cultural biases that affect expression of aggression 

across sexes. In most cultures the male has been designated as the more aggressive of the two 

sexes. This  affects  the expression of aggression in both males and females. The use of 

laboratory animals allows for higher levels of control over a subject’s environment. Animals also 

are uninhibited by cultural bias. Preclinical models of aggression in non-human species can help 

researchers better understand  female aggression through the use of  techniques and 

methodologies unfeasible in humans.  

Rodents are advantageous as model species because of pre-existing models of social 

aggression and a large body of aggressive research. Rodent research has studied the expression 

of female aggression primarily in the form of maternal aggression. Maternal aggression has been 

an area of continued study due to the high frequency of aggressive behavior in a pregnant or 

post-partum rodent. The purpose of maternal aggression is to defend the young. A pregnant 

mouse will become increasingly more aggressive the closer she is to giving birth. The expression 

of aggressive behavior continues to peak for up until two weeks post-partum while she is 



Bicakci 6 
 

lactating (St. John and Corning, 1973; Svare and Gandelman, 1973). After her pups are 

weaned, maternal aggressive behavior will disappear until she becomes pregnant again. Factors 

that affect maternal aggression include the presence of pups, stress level of the dam during 

pregnancy, and hormonal alterations both natural and experimental (Svare and Gandelman, 

1975); (Broida and Svare, 1982); (Yoshimura and Ogawa, 1991) (Gammie and Stevenson, 

2006). Maternal aggression has been researched extensively and we can estimate the day after 

birth that a female mouse or rat is likely to be the most aggressive (Lonstein and Gammie, 

2002; Flannelly and Flannelly, 1987). This cyclic nature of the expression of maternal 

aggression parallel the changes seen in maternal care behavior over time. Maternal care behavior 

has been seen in mice independent of sex and maternal experience. Female and male mice show 

higher levels of maternal care behavior when pups are younger (Noirot, 1964). Maternal care 

decreases as pups age. This relationship suggests that the maternal behavior is heavily dependent 

on the external cues provided by the pups such as ultrasonic cries (Noirot, 1972).  These types of 

behaviors may both be modulated by external cues coming primarily from the young. When a 

rodent is not actively pregnant or lactating, female aggression can be interpreted as either social 

or territorial aggression. Nonmaternal aggression in female mice and rats is expressed with a 

different hormonal profile than maternal aggression, indicating that these are two types of 

aggression. Maternal aggression provides evidence for a sex difference in the expression of 

aggression and a sex difference in the mediation of aggression via gonadal hormones.  

Male mice have been shown to exhibit aggressive behavior in instances where 

competition is unnecessary; this came to be known as ‘spontaneous aggression’ (Fredericson 

1950). Female mice express aggression at levels significantly lower than that of males 

(Fredericson, 1952). This low level of spontaneous aggression in females is one factor that has 
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contributed to the lack of nonmaternal female aggression research. The earliest studies on female 

aggression used gonadal hormone manipulation, leading to the development of the hypothesis 

that testosterone was a key mediator of aggression in mice.  Male mice were found to be more 

aggressive when given exogenous testosterone or in the presence of a stimulus animal who 

elicited pheromonal cues that contained testosterone, i.e. urine.  (Fredericson et al, 1955; 

Mugford and Nowell, 1972). Exogenous female gonadal hormone, such as estradiol, attenuated 

male aggressive behavior when administered to male mice (Bronson and Desjardins, 1968).  

Studies conducted with animals that were exposed to testosterone during a critical period 

provided additional evidence for the argument that testosterone was necessary for aggression in 

both sexes. Chronic exposure to testosterone in adolescence was shown to increase aggressive 

behavior across sexes in mice that were given acute injections of testosterone immediately prior 

to an encounter with another mouse (Edwards, 1970). Studies that varied the amount of 

testosterone administered to female mice showed that females needed higher levels of 

testosterone as adults to exhibit similar levels of spontaneous aggression to male mice that had 

been castrated and administered exogenous testosterone (Barkley and Goldman, 1977). Studies 

also showed that acute exposure to testosterone in adult female mice without neonatal 

testosterone exposure increased spontaneous aggression (vom Saal et al, 1976). More 

testosterone was required over a longer period to elicit the behavior (vom Saal et al, 1976). The 

development of the idea that female mice are more aggressive when given exogenous 

testosterone was important, but it promoted the idea that both female and male aggression might 

be controlled by similar mechanisms. This had not been proven to be true by the end of the 

1970’s. It also suggested that females were less aggressive simply because they had less 

testosterone. This logic failed consider the organizational effects of gonadal hormones. Exposing 
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a genetic female mammal to testosterone shortly after birth will result in changes in 

physiological development. The natural organizational effects of the female gonadal hormones 

on the female body will be altered, and this primes the body for an activational effect of 

testosterone in the future. The level of similarity between these animals and a non-manipulated 

female is unknown. The results of these studies indicate that female mice can be altered to 

express aggression in a male-like fashion. This means that female and male aggression are 

mediated by the same mechanisms. However, the hormonal manipulations used in this research 

limit their ability to broaden our understanding of female aggression outside of the laboratory.  

Later studies redefined testosterone role’s in the mediation of aggression with a shift in 

attention to female gonadal hormone and aggressive behavior. When administered to an 

ovariectomized female mouse, estradiol did not elicit aggressive behavior in females (Grimm et 

al, 1985). Only when ovariectomized females were given both testosterone and estradiol, was the 

frequency of their aggressive behavior like that of intact females. Interestingly, this estradiol and 

testosterone mediated aggression did not show a decline in aggressive behavior over time which 

had been seen in ovariectomized females given only testosterone (Albert et al, 1991). The 

opposing effects of female gonadal hormone on female and male aggression solidifies the idea 

that aggression in the two sexes is mediated similarly, but not identically. There is evidence that 

female aggression is somewhat hormone-independent. Studies have shown that ovariectomized 

female rats showed no difference in aggressive behavior following the surgery (DeBold and 

Miczek, 1984), but this has not been confirmed in other rodent species. Other studies insist male 

and female aggression is hormone-dependent (Albert and Walsh, 1995; Beeman, 1947; 

Barkley, and Goldman, 1977). The observed differences may be attributed to laboratory 

housing conditions, or a myriad of other factors. Based on the information presented above, there 
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is evidence for a sex difference in expression of aggression and a sex difference in the effects of 

gonadal hormone on aggression in rodents. A characterization of this sex difference across 

varying aggression-altering conditions is necessary for a comparison between sexes.  

The consumption of alcohol is one of many factors that contribute to violent crime 

committed by both males and females. It is the drug most implicated in physical aggression in 

humans (Pridemore, 2004; Maldonado-Molina et al, 2010). Both human and mouse studies 

have identified a sex difference in the consumption and the metabolism of alcohol. Women have 

been shown to have higher blood ethanol concentrations when given equivalent doses to men 

(Jones and Jones, 1976; Arthur et al, 1984).  Women have more body fat and less body water 

per kilogram than men. Less body water means that alcohol has less volume to disperse in, and 

this results in higher levels of blood alcohol content in women than in men with similar body 

weights and equal amounts of alcohol consumed (Marshall et al, 1983). In fact, women achieve 

higher blood alcohol levels for a longer period than men across normalized doses of ethanol 

administered both intravenously and orally (Baraona et al, 2001) However, women eliminate 

alcohol from their bodies at a faster rate than men do due to differences in efficacy of liver 

enzymes. These sex differences can also be seen in rodents. Female rodents have been shown to 

eliminate ethanol faster than male rodents (Erikkson, 1973; Robinson et al, 2002). Female 

rodents have also been shown to drink significantly more alcohol than males in limited and 

continuous access paradigms (Middaugh et al, 1999; Hwa et al, 2011). The preservation of 

these sex differences indicate that rodents can serve as an appropriate model for human alcohol 

consumption.  

Research of acute administration of ethyl alcohol or ethanol has revealed that the 

substance targets specific receptors in the brain and alters the activity of larger brain regions to 
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produce significant behavioral effects. The dose-effect curve of alcohol is biphasic, with effects 

varying across dose and time (Pohorecky, 1977). Lower doses on the ascending limb of the 

curve have been known to increase aggressive behavior. Higher doses have a sedative effect on 

humans and rodents (Cherek, 1985; Blanchard, 1988; Miczek et al, 1998). These behavioral 

and physiological effects are believed to be mediated by alcohol’s interaction with specific 

receptors.  Although no ethanol-specific binding site has been definitively identified, alcohol has 

been found to stimulate activity of the GABA-A receptor as a positive allosteric modulator 

(Mehta and Ticku, 1988; Hanchar et al, 2004). In addition, the behavioral effects of ethanol 

can be potentiated and attenuated by GABA-A agonists and antagonists respectively (Lister and 

Linnoila, 1991, Grobin et al 1998).  Benzodiazepines, a class of anxiolytic drugs that has been 

used clinically for decades (Stovener and Endresen, 1965), are characterized by their allosteric 

effects on GABA-A receptors.  The behavioral effects of benzodiazepines are like that of acute 

doses of ethanol. Today, a handful of benzodiazepines are used as anesthetics and sedatives but 

this class of drug was heavily prescribed in the 1960s and ‘70s to treat panic disorders, 

convulsions, and symptoms of anxiety (Olkkola and Ahonen, 2008). Benzodiazepines also have 

potential for abuse and dependence. Benzodiazepines that positively modulate GABA-A 

receptors have been shown to have pro-aggressive effects at small doses like alcohol (Gardos et 

al 1968; Bond and Lader, 1988; Weisman et al 1998).  This came to be known as paradoxical 

aggression as benzodiazepines were most widely known for their calming effects (Bramness et 

al, 2006; Saias and Gallarda, 2008). This increase in hostility has been seen in a subpopulation 

of humans who are typically characterized as more aggressive or more anxious (Bailey and 

Taylor, 1991; Ben-Porath and Taylor, 2002). Research has shown that benzodiazepines alter 

aggression similarly in male rodents. Pro-aggressive effects are seen at small or moderate doses 
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and they are counteracted by competitive GABA-A antagonists. (Miczek, 1974; Miczek and 

O’Donnell, 1980; Rodgers and Waters, 1985; Mos et al, 1987b; Miczek et al, 1994). The 

effect of benzodiazepines on aggression is context-specific (Skolnick et al, 1985; Fish et al 

2005). Benzodiazepines have also been shown to mediate maternal aggression in mice and rats, 

with differential effects based on the sex of an intruder (Mos et al, 1987a) (Palanza et al, 1996). 

Benzodiazepines did not spontaneously illicit aggression as only subjects with a history of 

aggressive behavior showed increases in aggression (Miczek, 1974; Ferrari et al, 1996).  

There is evidence to suggest that the effects of GABA-A receptors are subunit-specific. A 

GABA-A receptor is comprised of five subunits and can consist of a combination of: alpha (1-6), 

beta (1-3), gamma (1-3), delta, epsilon, pi, theta, and rho (1-3) subunits (Sieghart, 1995; Simon 

et al, 2004; Sarto-Jackson and Sieghart, 2008). Different subunit compositions have been 

shown to have differential sensitivities to neuromodulators like benzodiazepines and ethanol. For 

example, a gamma subunit must be present in a GABA-receptor for it to be sensitive to a 

benzodiazepine (McKernan et al, 2000; Crestani et al 2000). In addition, some studies report 

that GABA-A receptors with a delta subunit are more sensitive to ethanol than GABA-A 

receptors with a gamma subunit (Wallner et al, 2003). The research conducted with 

benzodiazepines and aggression in male mice indicate that benzodiazepines can mimic the 

effects of acute alcohol consumption at subclinical doses. The effect of benzodiazepines on 

maternal aggression and male aggression in mice suggests that a similar increase could be seen 

in nonmaternal female aggression.  

Acute doses of ethanol have been shown to inhibit the activity of the NMDA glutamate 

receptor (Lima-Landman and Albuquerque, 1989; Lovinger et al 1989). Like 

benzodiazepines and ethanol, ketamine and similar NMDA receptor antagonists have seen 
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clinical use as sedatives, muscle relaxants, and anesthetics (Takahashi et al, 1984). However, 

these substances have a high potential for abuse. Ketamine’s recreational use is mainly attributed 

to the euphoric and dissociative effects of this class of drug at sub-anesthetic levels (Smith et al, 

2002). Administration of a NMDA receptor antagonist in mice reduces aggression at high doses 

in mice (Belozertseva and Bespalov, 1999) and can alleviate symptoms caused by opiate or 

alcohol withdrawal (Krystal et al, 1998). When administered in conjunction with ethanol self-

administration, the NMDA receptor antagonist memantine escalates aggressive behavior 

(Newman et al 2012). The conflicting effects of these antagonists seem to be associated with 

potentiating the behavioral dysregulation caused by ethanol self-administration. These effects 

may also be subunit-specific. NMDA receptors consist of four subunits in the form of two joined 

heterodimers that can consist of NR1, NR2(A-D), and NR3(A-B) subunits (Traynelis et al 

2010). NMDA receptors have also been shown to have differential sensitivity to ethanol based 

on subunit composition. Receptors that contain the NR2B subunit are more sensitive to alcohol 

than those containing NR2C or NR2D subunits (Masood et al, 1994; Smothers et al 2001). The 

diverse effects of ethanol on glutamatergic and GABAergic neurotransmission have complicated 

efforts to understand ethanol’s action on neuroreceptors. The use of benzodiazepines like 

midazolam and specific NMDA receptor antagonists such as memantine isolate specific 

characteristics of ethanol’s modulatory abilities to help better examine behavioral effects of the 

substance.  

The resident-intruder paradigm is a powerful model of territorial aggression in mice and 

rats and can serve as a protocol for characterizing aggression. Typically, a male resident rodent 

that cohabitates with a female performs aggressive acts onto an unfamiliar intruder male when in 

it is introduced to the resident’s home cage (Crawley et al, 1975). Almost all male residents will 
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inflict attack bites onto an intruder male in this paradigm (Miczek et al, 1998). This paradigm 

can serve to model female aggression as well. It has been shown that the living conditions of 

residents in the resident intruder paradigm are optimal for expression of aggression in both male 

and female rodents. A female rat that is housed with other females will be less aggressive on 

average than one housed with a castrated male that has been implanted with testosterone. A 

female rat housed with a castrated male will be less aggressive on average than one housed with 

an intact male (Albert et al, 1988). The resident intruder model has been used to study 

qualitative differences in aggression when altered by substances of interest. Male rodents under 

the influence of low doses of alcohol were more aggressive and bit intruders in more target 

locations than when given a dose of water. These unique target locations were more sensitive or 

vulnerable than typical locations of attack bites (Newman et al, 2015). The established 

understanding of how rodents fight is overwhelmingly male-centric (Scott and Fredericson, 

1951) and it cannot be assumed that female mice fight in the same way. Alcohol increases 

aggressive behavior in male mice in the resident-intruder interaction model (Krsiak and 

Borgesova, 1973). However, only a small proportion of those animals show an elevated level of 

aggression after consuming low doses of alcohol prior to the confrontation with the intruder 

mouse (Miczek et al 1998). This observation provides a basis for a potential genetic difference 

in mammals that results in a more aggressive phenotype (Fagan, 1993). This can potentially 

translate as not every male human that drinks becomes violent, only a subset of them do (Fagan, 

1993).  

 

Some manipulations like isolation consistently increase expression of aggression in both 

sexes (Howard et al, 1981), but female mice appear to be more sensitive to environmental cues, 

particularly the presence of pheromonal testosterone in their living space (Albert et al 1988). In 
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addition, manipulation of the stimulus animal can be used to alter levels of aggression in resident 

mice. Male residents have been shown to express differential levels of aggression towards 

intruders of various conditions. This includes a varying proportion of intruders attacked, latency 

to attack, and length of the attacks observed (Brain et al, 1981). This suggests that there is a 

prominent effect of stimulus quality in the expression of aggression in male mice. There is also 

evidence for a stimulus quality effect in aggressive behavior in female mice. Research has shown 

that groups of Swiss female mice express aggressive behavior against a single intruder 

conspecific. The level of aggression in this model differs significantly based on the strain of the 

intruder and whether the intruder is lactating or not (Haug and Mandel, 1978). The results of 

the above study indicate that both environmental factors and the quality of the stimulus animal 

significantly affect aggression in both sexes. The present study aims to expand the understanding 

of the nature of female aggression by using the resident-intruder interaction paradigm with 

varying environmental conditions and stimulus qualities. In addition, we wish to explore the 

effects alcohol and like substances have on aggression. It is hypothesized that female residents 

will react to alterations in environment and stimulus quality in similar ways: intruders of 

different strains and novel intruders will elicit more aggression in residents and aggressive 

interactions in a neutral arena will show attenuated levels of aggression when compared to 

interaction conducted in the resident home cage. Furthermore, we expect that female residents 

will also express similar alterations in their aggressive behavior when exposed to the modulatory 

substances alcohol and midazolam. We expect a subpopulation of female residents to express 

alcohol-heightened aggression, and expect subclinical doses of midazolam to increase levels of 

aggression in residents in a dose-dependent fashion.   
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Methods  

 

Subjects  

Adult female and male Swiss Webster CFW mice (Charles River, Wilmington, MA) that 

weighed approximately 25-27 grams upon arrival, and adult female C57BL6/J (B6) mice bred in-

house that derived from Jackson Laboratory stock (Bar Harbor, ME) were used in this study. 

Females were labeled either residents or intruders as described in Methods Subsection Resident-

Intruder Confrontation. B6 females were only used as intruders and used once they reached 

weights between 23-25 grams. All subjects were group-housed by sex in groups of 12 in 

46x24x16-cm clear polycarbonate cages for one week to allow for habituation to the laboratory 

environment. Access to food and water was ad libitum through a stainless-steel wire lid. Group-

housing cages were lined with corn cob shavings. Following the termination of the habituation 

period, resident CFW females underwent ovariectomy. Ovariectomy surgery was conducted 

according to IACUC and laboratory protocol [See Appendix 1]. Post-operation resident females 

were singly-housed in clear polycarbonate cages (28 x 17 x 14 cm) lined with pine and cedar 

shavings and paired with an intact male after a recovery period. When wounds had completely 

closed the OVX females were paired with intact males. If a male showed aggression toward an 

OVX, female he was removed. Bedding in all resident cages was cleaned at least 24 hours prior 

to any aggression behavior testing and cages were cleaned at least once a week. Intruders were 

kept in larger group-housing polycarbonate cages as described above for the duration of the 

study. The vivarium was maintained on a 12-hour light/dark cycle (lights off at 5:30 AM, lights 

on at 5:30 PM). All behavioral testing occurred during the dark cycle.  
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Alcohol self-administration  

Resident CFW female mice chosen to be characterized as alcohol-heightened aggressors 

or alcohol-nonheightened aggressors were conditioned to self-administer by using aluminum 

operant conditioning panels that fit into the animal’s home cage as described in Miczek and de 

Almeida 2001. Prior to each self-administration session, all resident mice cages were water-

restricted. Reinforcement for nose-poking consisted of the delivery of 0.5ml of tap water. 

Resident females were weighed and male cohabitants were removed from each home cage before 

the start of each session. Mice were given a nose-poke task for a water reward on a FR1 schedule 

(1 nose-poke = 1 aliquot of water based on body weight). When the average duration of these 

sessions was below 5 minutes, the FR schedule was increased to 2 and then 5 (FR5). Once an 

average duration of water self-administration session of less than 5 minutes was achieved, 

ethanol was introduced as the fluid reward. 95% ethyl alcohol was diluted with tap water to 

create a 6% (w/v) ethanol solution given at 1 g/kg. This dosage of ethanol was based on the 

concentration given to males to engender high levels of aggressive behavior in outbred mice 

(Miczek et al 1998).  

 

Resident-Intruder Confrontation 

Aggressive behavior of resident female mice was assessed in confrontation with a group-

housed intruder female. Interactions between a resident and an intruder mouse took place in the 

resident female’s home cage or in a neutral arena (84 x 51x 42 cm) with fresh pine shavings. The 

pair-housed male cohabiting with each resident female was removed from the home cage for the 

duration of the interaction. Following the introduction of the intruder mouse, bites made onto the 
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intruder were counted for 5 minutes after the first successful attack bite made by the resident. If 

no bites were counted, the session was ended at 5 minutes. If an intruder mouse exhibited 

aggressive behavior toward a resident mouse (tail rattling, bites), the session was terminated and 

that intruder was no longer used. The latency to attack and the number of bites were hand-

recorded for each session.  

Social instigation was used to facilitate aggressive behavior from resident females that 

showed low or no attack behavior towards an intruder mouse (Potegal and Tenbrink, 1984). An 

intruder mouse was placed into a perforated protective cage and this cage is inserted into the 

resident mouse’s home cage for 5 minutes. After this 5-minute period, the intruder mouse was 

removed from the cage and placed into the resident’s home cage unprotected and a 5-minute 

interaction session was completed as described above. Resident-intruder confrontations were 

conducted a total of three times per week on non-consecutive days. Residents were considered to 

exhibit stable levels of aggression when variability in number of attacks bites was less than 20% 

for three consecutive sessions.  

 

Drugs 

Midazolam hydrochloride was purchased from Sigma-Aldrich (location goes here). The 

drug was diluted in 0.9% saline into a 1.0 mg/ml stock solution and diluted further into 0.1, 0.3, 

0.56, and 0.1 mg/ml. The drug was injected IP at a volume of .1 ml/kg. 95% ethyl alcohol was 

purchased from Pharmco-AAPER (Brookfield, CT). It was diluted into 6% w/v ethanol solution 

in 250ml batches weekly and placed into syringes that fit into custom pumps that connected to 

each operant self-administration panel.   
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Video Analysis 

Resident behavior during confrontations with an intruder were video recorded using two 

cameras: a JVC Everio GZ-MG670 digital camera for 30 frames per second (FPS) filming and a 

GoPro HERO3 digital camera for 120 FPS filming. All 30 FPS recordings were analyzed using 

Observer software (Noldus v. 12) and conducted by trained individuals (intra-observer reliability 

of 95%). The outset of each operationally-defined behavior was coded by depressing a key and 

the offset of a specific behavior was coded by release of a specific key made onto a custom 

keyboard. Non-aggressive behaviors included walking, self-grooming, rearing, and non-

aggressive contact while aggressive behavior consisted of pursuit, sideways threats, tail rattles, 

and attack bites (See Table 1). All 120 FPS recordings were analyzed by hand to determine bite 

location in aggressive interactions. 120 FPS recoding was only possible in the white light, so 

these were conducted separately from other behavioral measures.  Observer software was used to 

generate lag sequential analysis centered around the attack bite behavior at a lag state of 1 and -1. 

This analysis includes the generation of a probabilistic measure based on the total number of 

observed sequences of behavior that precede and follow an attack bite.  

 

Statistical Analysis 

 All statistical analyses were conducted in SigmaPlot 13.0 (SysStat Software Inc.). Data 

comparing was analyzed as two-way repeated measures analyses of variance (ANOVA) to 

compare differences in both aggressive and non-aggressive behavior between intruder conditions 

(Familiar CFW v. Familiar B6, Familiar B6 v. Novel B6) and midazolam dose (vehicle, 0.1, 0.3, 
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0.56, 1.0 mg/kg). Data that did not meet criteria for normality or equal variance were 

transformed by square root or cube root function to meet those conditions.  

 

Design 

Experiment 1: Aggressive behavior in confrontations of female residents vs. female intruders. 

The resident-intruder interaction model consistently shows that residents are dominant in 

interactions with group-housed intruders in males. Video analysis of many resident-intruder 

confrontations were conducted in order to provide information on the characteristics of inter-

female aggression. This includes the proportion of residents that fought based on intruder 

condition, temporal distribution of aggressive attacks, a possible preference for bite location on 

the intruder, and the categorization of other aggressive and non-aggressive behaviors by the 

resident with an intruder present.     

Experiment 2: The effects of ethanol on interfemale aggression. Resident females were 

conditioned to self-administer low doses of ethanol to examine if alcohol-heightened aggression 

could be detected in a subpopulation of females. An intruder was introduced into the home cage 

of a resident female 10 minutes after the completion of a self-administration session per a FR5 

schedule of reinforcement. Eight test sessions of self-administration followed by aggressive 

confrontations were conducted alternating between the use of water and ethanol as fluid 

reinforcement. Resident females that showed a significant increase in aggression after ethanol 

self-administration (mean of attack bite frequency after ethanol self-administration greater than 

or equal to 2 standard deviations higher than the mean of attack bite frequency after water self-

administration) were classified as Alcohol Heightened Aggressors (AHA). The proportion of 
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aggressive female residents that could be called AHA mice was compared to the proportion of 

AHA mice found in males (Miczek et al 1998).  

 

Alcohol heightened aggression: 

 

 

 

 

Experiment 3: Effects of strain difference of intruder and midazolam on interfemale aggression. 

Resident-intruder confrontations as described above were conducted using two different strains 

of group-housed intruders: CFW or B6 mice (Familiar CFW v. Familiar B6 condition). When 

resident animals showed stable levels with the same intruder for three consecutive sessions of 

aggression, residents were habituated to grip and injections of 0.9% saline. At least three 

sessions of habituation were conducted to confirm that there was no effect of handling or the 

injection on aggressive behavior. Each testing session consisted of an injection of either vehicle 

(saline) or a dose of midazolam (0.1-1.0 mg/kg) in a non-systematic format, a 13-minute period 

to allow for uptake of the drug, and a 5-minute interaction with an intruder. All aggressive 

interactions were video-recorded for behavioral analysis.  

Experiment 4: Effects of intruder novelty, novel environment, and midazolam on interfemale 

aggression. Resident-intruder confrontations as described above were conducted using B6 

intruders. Residents in the Familiar B6 condition achieved stability with one B6 intruder and 
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proceeded to habituation as described in earlier experiments. Residents in the Novel B6 

condition were introduced to a novel B6 intruder for each intruder interaction, assessed for 

stability, and then moved to habituation. Residents in the Neutral Cage condition were assessed 

for aggressive behavior and tested in an unfamiliar neutral area (see above). Residents were 

tested with either vehicle or midazolam as described in Experiment 3. All aggressive interactions 

were video-recorded for behavioral analysis. 

 

Midazolam and aggression: 
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Results  

Experiment 1: The proportions of female residents that expressed aggression toward a 

female intruder varied based on the strain of the intruder and the level of familiarity of the 

intruder (Figure 1).  Proportions are based on the presence of attack bites during the total number 

of non-manipulated aggressive sessions with an intruder in the following conditions: Familiar 

CFW, Familiar B6, and Novel B6. The mean proportions of aggression expressed toward B6 

intruders in the Familiar and Novel condition were higher than the mean proportion of 

aggression expressed toward CFW intruders.  

 

Fig. 1 Proportions of female residents that showed aggressive behavior in assessment sessions of aggression across 

intruder conditions. Data are expressed are average proportion per session with the mean of the condition present as 

a horizontal reference line.  
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Lag sequence analysis of 270 total observations conducted at state lag 1 or -1 were compared 

across doses of midazolam and intruder conditions. Sideway threat behavior was found to be the 

observed behavior most likely to precede an attack bite and walking behavior was found to be 

the observed behavior most likely to follow an attack bite. The probability of sideways threat 

behavior preceding an attack bite varied across intruder condition and midazolam dose (Figures 

2 and 3).  
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Fig. 2 Probability of sideways threat behavior preceding an attack bite varies across doses of midazolam and 

between intruder conditions. Data are presented as group averages of probability at the given dose.  
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Fig. 3 Probability of walking behavior following an attack bite varies across doses of midazolam and between 

intruder conditions. Data are presented as group averages of probability at the given dose.  

 

 Experiment 2: Of the animals that underwent alcohol-heightened aggression 

characterization, only eight animals showed consistent level of aggression across the eight 

testing sessions. Of this group, two animals met the criteria for classification as alcohol-

heightened aggression. The means and standard errors of the seven measured behaviors of the 

two subpopulations were measured via video analysis (Table 2, Figure 4). Slow motion videos 
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analyzed for each animal in the characterization experiment showed individual differences in 

attack bite location between post-water and post-ethanol self-administration intruder interactions 

(Figure 5). 

 

Fig 4. The average mean and standard error of attack bite frequency plotted against session 

number for both AHA (red) and ANA (black) resident females. Closed circles indicate a session 

preceded by ethanol self-administration (odd numbers) and open circles indicate a session 

precede by water self-administration (even numbers).  
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Table 2. Effects of Ethanol (1.0 g/kg) on Resident Behavior During Encounters with Familiar CFW Intruders 

 

                                         ANA (n=6)                                      AHA (n=2) 

 H2O  EtOH  H2O EtOH  

 

Aggressive Behaviors (Frequency) 

 Sideways Threat  14.88 + 2.38  14.72 + 3.51     9.5 + 2.5 18.83 + 11.17  

 Bites  4.5 + 2.06 9 + 1.58   8.67 + 0.67 8.83 + 4.5   

 Tail Rattle 9.0 + 6.36 5.89 + 0.67    13.17 + 0.83 3.83 + 1.17  

 

Non-Aggressive Behaviors (Durations in seconds) 

 Self-Groom 6.90 + 1.12 12.94 + 2.09  9.49 + 4.15 28.36 + 17.37  

 Rear 56.58 + 7.33 53.67 + 7.61   54.50 + 7.03  42.79 + 0.24  

 Walking   21.13 + 8.43  16.04 + 5.29   6.66 + 0.39  6.58 + 0.84     

Non-Aggressive Contact  54.24 + 7.03 62.42 + 10.91  83.48 + 11.29  65.48 + 10.55   

 

 

Data for each behavior are Mean + SEM.  
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Fig. 5 Representative animals from the AHA and ANA characterization groups shown with the number of attacks bites observed in the slow motion video 

recordings and the correlation location on the body of the intruder.  
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Experiment 3: There was a near-significant biphasic effect of midazolam dose on attack bite 

frequency in the Familiar CFW Intruder condition [(F (1, 4) = 2.584, p=0.053); Table 3, Table 4, 

Figure 6], with increased levels of mean attack bite frequency seen at the 0.3 mg/kg dose. There 

was no effect seen from intruder condition in this comparison.  

 

 

Fig 6. The attack bite frequency means across doses show less change in the Familiar B6 condition compared to the 

Familiar CFW condition across midazolam dose. The vehicle means and standard error of the mean (SEM) for the 

Familiar CFW and the Familiar B6 condition and the percent change from the vehicle baseline across doses suggest 

that aggression towards familiar CFW intruders is more sensitive to midazolam.  
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Table 3. Effects of Midazolam on Resident Behavior During Encounters with Familiar CFW Intruders 

 

Dose (mg/kg) V 0.1 0.3 0.56 1.0  

Aggressive Behaviors (Frequency) 

 Sideways Threat  11.7 + 3.63  6.0 + 3.7  21.8 + 6.94   15.3 + 4.0 8.0 + 2.7  

 Bites  4.3 + 1.16 3.5 + 1.56  7.5 + 1.56 5.25 + 2.02 2.75 + 0.75   

 Tail Rattle 4.92 + 1.87 2.0 + 0.82  12.25 + 6.65  10.0 + 5.79 4.0 + 1.87  

 

Non-Aggressive Behaviors (Duration in seconds) 

 Self-Groom 18.1 + 4.69 4.63 + 2.07 15.86 + 6.72 9.0 + 4.14 9.85 + 5.34  

 Rear 20.1 + 2.6 25.34 + 4.07  31.02 + 6.35 24.78 + 6.92  30.96 + 12.39  

 Walking   7.0 + 0.90  23.54 + 15.83  5.85 + 1.04  12.04 + 2.88  12.02 + 3.13     

Non-Aggressive Contact  40.25 + 6.33 51.71 + 6.15 15.86 + 6.72 8.97 + 4.14  9.85 + 5.34   

 

 

Data for each behavior are Mean + SEM.  
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Table 4. Effects of Midazolam on Resident Behavior During Encounters with Familiar B6 Intruders 

 

Dose (mg/kg) V 0.1 0.3 0.56 1.0 

 

Aggressive Behaviors (Frequency) 

 Sideways Threat  7.93 + 1.93  6.60 + 1.17  11.83 + 4.14   8.67 + 3.52 8.14 + 2.53  

 Bites  9.43 + 3.20 10.0 + 2.65  14.17 + 5.57 10.17 + 4.53 8.14 + 3.54   

 Tail Rattle 3.57 + 1.07 1.8 + 0.74  4.0 + 1.94  2.17 + 1.22 1.43 + 0.75  

 

Non-Aggressive Behaviors (Duration in seconds) 

 Self-Groom 21.6 + 5.22 21.7 + 5.41 33.67 + 8.47 29.65 + 8.75 13.28 + 4.56  

 Rear 82.22 + 10.72  97.33 + 12.34  54.65 + 5.69 65.33 + 17.34  62.72 + 13.12  

 Walking   40.10 + 3.37  46.40 + 5.87  47.53 + 5.26  41.55 + 6.03  52.70 + 4.95     

Non-Aggressive Contact  58.73 + 11.52 55.95 + 4.02 67.60 + 13.47 76.98 + 18.82  85.31 + 19.42   

 

 

 

 

Data for each behavior are Mean + SEM. 
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Tail rattle behavior differed significantly at 1.0 mg/kg of midazolam in the Familiar B6 condition 

and an interaction effect was seen between intruder condition and midazolam dose at the 0.3 and 

the 0.56 mg/kg doses [(F (1, 4) = 3.569, p=0.015); (F (1,4,) = 3.477, p = 0.17); Figure 7], with 

more similar levels of tail rattle frequency seen at vehicle and 0.1 mg/kg doses.  

 

 

Fig 7. The tail rattle frequency means across doses between the two intruder conditions show less change in the 

Familiar B6 condition across midazolam dose compared to the Familiar CFW condition. The vehicle means and 

standard error of the mean (SEM) for the Familiar CFW and the Familiar B6 condition and the percent change from 

the vehicle baseline across doses suggest that aggression towards familiar CFW intruders is more sensitive to 

midazolam.  

veh 0.1 0.3 0.56 1

Tail Rattle Mean

0

10

20
Familiar CFW (n=4)

Familiar B6 Intruder (n=7)

Midazolam (mg/kg)

veh 0.1 0.3 0.56 1

Tail Rattles
% BL

0

50

100

150

200

250

300
Familiar CFW Intruder (n=4)

Familiar B6 Intruder (n=7)

CFW B6

Tail Rattles
Vehicle Mean

0

5

10



Bicakci 32 
 

A significant effect of midazolam dose but not intruder condition was seen in sideways threat 

behavior in the comparison between the Familiar CFW and the Familiar B6 conditions [(F (1, 4) 

= 3.01, p=0.016); Figure 8], with a trend towards higher levels of sideways threat behavior seen 

in the Familiar CFW condition at baseline, 0.3, and the 0.56 mg/kg doses.  

 

 

Fig 8. The sideways threat frequency means across doses between the two intruder conditions show less change in 

the Familiar B6 condition across midazolam dose compared to the Familiar CFW condition. The vehicle means and 

standard error of the mean (SEM) for the Familiar CFW and the Familiar B6 condition and the percent change from 

the vehicle baseline across doses suggest that aggression towards familiar CFW intruders is more sensitive to 

midazolam.  
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Some non-aggressive behaviors were significantly different across intruder conditions, but were 

less effected by midazolam dose. Walking duration different significantly across intruder 

condition [F (1, 1) = 35.036, p<0.001); Figure 9], with levels of the behavior on average four 

times higher across all doses measured.  

 

 

Fig 9. The walking duration means across dose between the two conditions show remarkable difference based on the 

strain of the intruder. The percent change from vehicle baseline indicate that non-aggressive behaviors may not be as 

sensitive to the effects of midazolam as aggressive behaviors.  
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A significant effect of intruder condition was also seen in duration of rearing behavior [F (1, 1) = 

9.13, p= 0.014); Figure 10]. Resident females in the Familiar B6 condition reared for longer 

durations at baseline and 0.1 mg/kg doses compared to other doses measured.  

 

 

 

Fig 10. The rearing duration means across dose between the two conditions show a clear difference based on the 

strain of the intruder. The percent change from vehicle baseline indicate that non-aggressive behaviors may not be as 

sensitive to the effects of midazolam as aggressive behaviors.  
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No effect of intruder condition or midazolam dose were seen in the other two non-aggressive 

behaviors measured: self-groom duration and non-aggressive contact duration.  

 Experiment 4: There was a near significant effect of intruder condition and no effect of 

midazolam dose on attack bite frequency in the comparison between the Familiar B6 and the 

Novel B6 conditions (F (1,1) = 3.885, p=0.067); Table 5, Figure 11), with a trend of resident 

females in the Novel B6 condition expressing higher attack bite behavior across all midazolam 

doses. 

 

 

Fig 11. The attack bite frequency means across doses between the two conditions indicate that novelty-induced 

aggression may be heightened if the strain of the intruder differs from the strain of the resident.  

Midazolam (mg/kg)

veh 0.1 0.3 0.56 1

Attack Bite Means

0

10

20

30
Familiar B6 Intruder (n=7)

Novel B6 Intruder (n=10)

Midazolam (mg/kg)

veh 0.1 0.3 0.56 1

Attack Bite
% BL

0

50

100

150

200

250
Familiar B6 Intruder (n=7)

Novel B6 Intruder (n=10)

Familiar Novel

Attack Bite
Vehicle Mean

0

2

4

6

8

10

12

14

16

18



Bicakci 36 
 

Table 5. Effects of Midazolam on Resident Behavior During Encounters with Novel B6 Intruders 

 

Dose (mg/kg) V 0.1 0.3 0.56 1.0 

Aggressive Behaviors (Frequency) 

 Sideways Threat  32.48 + 4.35  56.00 + 13.72  49.14 + 13.49   47.86 + 8.83 44.83 + 5.65  

 Bites  15.92 + 2.39 25.86 + 8.10  21.29 + 3.23 28.0 + 8.51 19.5 + 1.89   

 Tail Rattle 12.40 + 3.0 21.86 + 7.01  18.71 + 8.90  17.29 + 4.66 14.83 + 3.64  

 

Non-Aggressive Behaviors (Duration in seconds) 

 Self-Groom 11.68 + 2.19 9.26 + 1.88 9.75 + 3.65 8.76 + 3.64 16.91 + 2.47  

 Rear 48.18 + 7.60  39.16 + 16.84  27.55 + 8.35  30.28 + 8.99 30.69 + 11.37 

  

 Walking   43.87 + 5.15  25.74 + 6.84  30.67 + 6.05  30.0 + 7.46  33.64 + 7.40     

Non-Aggressive Contact  28.73 + 4.94 25.01 + 9.67 22.51 + 9.37 29.27 + 7.48  55.90 + 23.89   

 

 

 

 

 

Data for each behavior are Mean + SEM.  
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Resident females in the Novel B6 condition expressed higher levels of sideways threat and tail 

rattle behavior across all doses compared to the Familiar B6 condition [F (1, 1) = 27.304, 

p<0.001); Figure 12, [F (1, 1) = 11.127, p= 0.005; Figure 13].  

 

 

Fig 12. The sideways threat frequency means across dose between the two conditions show a large difference a 

result of the novelty of the intruder. The percent change from vehicle baseline means across dose indicate that 

novelty-induced increased aggressive behavior may interfere with a midazolam effect.  
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Fig 13. The tail rattle frequency means across dose between the two conditions show a large difference in when 

compared at each midazolam dose, but a smaller difference at vehicle doses. The percent change from vehicle 

baseline means across dose indicate that novelty-induced increased aggressive behavior and aggression altered by an 

intruder strain difference may interfere with a midazolam effect.  
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Walking behavior showed a significant difference in intruder condition, midazolam dose, and a 

condition x dose interaction [F (1, 1) = 10.124, p=0.006), F (1, 4) = 2.775, p=.035), F (1, 4) = 

2.917, p=.028); Figure 14]. Resident females in the Familiar B6 condition walked more 

compared to residents in the Novel B6 condition across all midazolam doses, and there was a 

significant difference between walking behavior at the 0.56 and the 1.0 mg/kg doses within the 

Novel B6 intruder condition.  

 

 

Fig 14. The walking duration means across dose between the two conditions show a dose-dependent and intruder 

condition difference, indicating that the effect of midazolam and the effect of intruder condition can potentially be 

individually identified.  
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Both rearing duration and non-aggressive contact duration were significantly different based on 

intruder effect and midazolam dose, with residents in the Familiar B6 condition performing these 

behaviors for a longer duration than the residents in the Novel B6 condition [(Rearing: (F (1, 1) 

= 5.434, p=0.034, F (1, 4) = 4.69, p=.002); Figure 15); (Non-aggressive contact: (F (1, 1) = 

5.402, p = 0.35, F (1, 4) = 3.76, p = 0.009); Figure 16).  

 

 

Fig 15. The rearing duration means across dose between the two conditions show a dose-dependent and intruder 

condition difference, indicating that the effect of midazolam may be different as dose increases in both intruder 

conditions.  
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Fig 16. The non-aggressive contact duration means across dose between the two conditions show a dose-dependent 

and intruder condition difference, indicating that the effect of midazolam may be different as dose increases in both 

intruder conditions. 

There was no significant effect of midazolam dose or intruder condition on self-grooming 

behavior.  
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Discussion  

This set of experiments demonstrated that a majority of CFW female mice express 

aggression as residents in a resident-intruder interaction paradigm. This aggression toward a 

submissive female intruder was sensitive to manipulations including varying the stimulus animal, 

ethanol, and the benzodiazepine midazolam.   

A key feature of this study is that all female residents were ovariectomized as adults that 

did not have reproductive experience. We assume that all organizational effects of female 

gonadal hormones took place and all female residents had experienced hormonal cycles prior to 

any measured aggressive behavior. This also means that none of the aggression seen in this study 

can be attributed to fluctuations in adult hormonal level.  Aggression in female mice is not 

dependent on endogenous ovarian hormone levels, although it is heavily mediated by them as it 

is in rats (DeBold and Miczek, 1984). In addition, these experiments illustrate that not all female 

aggression is related to maternal defense of the young. Females do not need to experience the 

hormonal changes that accompany pregnancy to express aggressive behavior. However, resident 

females in this study did receive an exogenous hormone input and the hormonal profile of these 

residents is not similar to a female mouse in the wild. All resident females were housed with 

intact males. Pair-housing with an intact opposite sex conspecific has been shown to heighten 

aggressive behavior in female rats (Albert et al, 1988) and male mice (Scott and Fredericson, 

1951). This is presumed to be caused by either a reaction to pheromones put off by the intact 

cohabitant or the gonadal hormone in the urine of the intact cohabitant. It is possible that the 

expression of aggressive behavior in mice may be activated in some way by sexual behavior. The 

theory lends itself more to an understanding of why male mice begin to fight, as the changes in 

gonadal hormone concentration after sexual behavior in males are more pronounced than in 
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females.  The nature of the housing conditions in these experiments do not provide evidence for 

the argument that aggression in female mice is hormone-independent. Female mice outside of the 

laboratory typically are in a state of hormonal flux due to natural cycling or at high consistently 

high levels of female gonadal hormone if lactating, pregnant, or possibly taking hormonal 

contraceptives. A study that observed the aggressive behavior of residents with cycling hormone 

levels or biologically relevant elevated hormone levels would be more translatable compared to 

this.  

At no point in this experiment did the addition of a pharmacological agent elicit 

spontaneous aggression. This speaks to the idea that aggression is not inducible via drug action, 

it can only be modulated by it. However, changing the nature of the stimulus quality via 

manipulating the intruder condition altered the proportion of animals that were aggressive per 

condition and the magnitude of the aggression they expressed.  These observations bring up a 

number of questions about the purpose of social aggression in mice. It is likely that female 

nonmaternal aggression in mice is performed for the same reasons that male mice express 

aggression: defending territory and asserting dominance. Male mice exhibit more aggressive 

behavior than female mice in the resident-intruder paradigm. This serves as a reflection of the 

importance of maintaining both territory and dominance for the male mouse. The ability to drive 

away individuals of the same sex is fundamental, regardless of their strain or level of familiarity. 

Therefore, it should be expected that male mice express high levels of aggression towards an 

intruder of any kind. Female mice, however, must be able to differentiate between targets of 

territorial aggression and targets of dominance aggression. The typical harem breeding strategy 

seen in mice lends itself to the idea that prolonged aggressive behavior towards familiar 

conspecifics in females is unnecessary. Aggressive behavior in the rat shows us that dominance 
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can be established with only a few displays of aggressive behavior and that a dominant rat will 

not continue to express aggression towards a same-sex conspecific if it displays submissive 

behavior (Dijkstra et al, 1984). This is likely due to the natural living conditions of rats. Rats 

form social groups with dominant and submissive males and females (Blanchard et al, 1984). 

Mouse living conditions are similar to these with respect to female; a female mouse is likely to 

be living with other female mice whereas males disperse potential rival males. It makes sense 

then to assume that any aggression between two female mice of the same strain would be shorter 

in nature and involve less injurious behavior on the part of the aggressor. The low levels of 

individual attack bites compared to overall aggressive behaviors of female residents towards 

familiar CFW intruders could be explained through this logic.  

The increased proportion of resident females that displayed aggressive behavior towards 

both familiar and novel C57BL6/J intruders compared to CFW intruders may indicate that 

familiarity is a key factor in understanding why female mice fight. This again brings up the 

concept of a fundamental difference between territorial and dominance that female mice are 

more sensitive to.  The presentation of a submissive intruder of a mouse strain different from the 

resident results in the resident performing aggressive acts to indicate that the intruder is not 

welcome. This aggressive behavior must be of a greater magnitude than dominance aggression 

because its purpose is dispersal. If the intruder does not leave, the resident has failed to 

effectively protect her territory and must continue to be aggressive.  

Novelty-induced aggression is a phenomenon seen in male mice. Male mice will 

eventually show stable levels of aggression towards a specific intruder after multiple aggressive 

interactions. Aggression levels will increase dramatically upon the introduction of a novel 

intruder and return to stable levels through repeated aggressive sessions. In addition, introduction 
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of a novel intruder for subsequent interactions will maintain the heightened levels of aggressive 

behavior in male mice. This was shown to be present in female mice in this study. However, this 

was demonstrated using B6 intruders. A future direction of this research would be to explore 

novelty-induced aggression using CFW intruders. 

 The highest levels of aggression seen in this study were in the Novel B6 intruder 

condition. This is understood to be territorial aggression, greater than that seen in dominance 

aggression, potentiated by the novelty of the intruders presented. When comparing the Familiar 

B6 and the Novel B6 groups, there was a significant effect of intruder condition in all but one of 

the behaviors measured, and in that behavior, there was a trend towards a difference. More 

aggressive behaviors were expressed by residents in the Novel B6 group compared to Familiar 

B6 and lower levels of non-aggressive behaviors were expressed. The Familiar B6 and Novel B6 

groups saw no significant effects of midazolam dose on attack bite and sideways threat 

frequency, behaviors that are most associated with aggression. There was a significant effect on 

tail rattling behavior, but this behavior is correlated with physical arousal in addition to 

aggressive behavior. This may mean that the novelty-induced aggression seen in the Novel B6 

group interfered with a midazolam effect. Residents in the Familiar B6 group spent more time 

walking and rearing than residents in the Novel B6 group. This could indicate that intruders that 

are more familiar to an intruder are less stimulating. Familiar B6 residents also spent more time 

participating in non-aggressive contact with an intruder. This suggests that the residents require 

less contact to determine if an intruder is an appropriate target for aggressive behavior.  

  When comparing the Familiar B6 and the Familiar CFW groups, walking duration and 

rearing differed significantly between them, with residents in the Familiar B6 condition walking 

more and rearing more. This could suggest a significant portion of the strain difference seen in 
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this study is related to the difference in behavior between the strains of intruders. CFW mice on 

average are larger and move less than B6 mice. When encountering an intruder that moves more, 

residents in the B6 conditions may have needed to increase their own walking behavior to 

maintain contact. The fact that walking duration of residents in the Novel B6 condition falls 

between those of Familiar B6 and Familiar CFW walking durations may suggest that the novelty 

of the intruder influences non-aggressive behaviors as well. It could be understood that residents 

encountering novel intruders of a more active strain need to move more but are also on average 

performing more aggressive behavior, attenuating durations of non-aggressive behavior. The 

lack of significant difference of intruder condition in attack bite and sideways threat behavior 

could indicate that there is no difference in the types of aggression being expressed towards 

familiar CFW and B6 intruders. However, there is a significant interaction between midazolam 

dose and intruder condition with respect to tail rattle behavior at 0.3 and 0.56 mg/kg. Tail rattle 

behavior is lower in the Familiar B6 group compared to the Familiar CFW group. These doses 

have been previously shown to increase aggressive behavior above baseline in male CFW 

residents encountering CFW intruders (Fish et al 2005). In context of the Familiar B6 group, it 

may mean that tail rattling is functioning as a non-injurious cue presented by the resident for the 

intruder to receive. If the goal of the aggression is to make an intruder disperse, less tail rattling 

could mean that the resident will rely on more aversive forms of aggressive behavior like attack 

bites and sideways threats to relay the message. Familiar B6 intruders also received the most 

non-aggressive contact than any other group; this was expressed as a difference in percent of 

change from vehicle baseline of contact duration. This could be interpreted as a resident 

requiring more time in contact with an intruder of a different strain to establish a social 

connection compared to the time needed for a conspecific. The Familiar B6 and Familiar CFW 
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groups saw a midazolam dose effect at all aggressive behaviors, providing further evidence for 

the idea that novelty-induced aggression interfered with the midazolam effect in the Novel B6 

group. There was no effect of midazolam in these groups at any of the non-aggressive behaviors, 

indicating that a subclinical dose of midazolam in female mice can increase aggressive behavior 

similar to male mice.  

Further refinement of the experiments conducted and more analysis will be necessary to 

come to a more definitive conclusion on the nature of female aggression in mice. A potential 

source of variation in this study is the age at which mice were first tested for aggressive 

behavior. Animals that were tested with midazolam in the Familiar CFW condition were first 

trained to self-administer ethanol via operant conditioning panel. The animals tested in the 

Familiar B6 and Novel B6 conditions were not. This training procedure takes on average 3-4 

weeks to complete. The Familiar CFW condition was the only one preceded by ethanol self-

administration, further adding to the potential sources of variability in the data collected.  

Characterization of female residents as alcohol-heightened aggressors or alcohol non-

heightened aggressors proved difficult due to the effect of intruder familiarity on repeated tests 

of aggression post water and ethanol self-administration. A potential future direction of this 

study would be to characterize residents as AHA or ANA using novel intruders for each 

characterization session. There is also a potential issue with the dose of ethanol used for 

characterization. The 1.0 g/kg does of ethanol was used because it has been shown that a 

subpopulation of male mice self-administering this dose will best express heightened levels of 

aggression in a resident intruder interaction 10 minutes following the administration (Miczek et 

al 1998). It is unknown if the 1.0 g/kg dose is optimal for female self-administration and 

characterization. As mentioned earlier, a sex difference in blood alcohol concentration from the 
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same dose of alcohol has been observed in both humans and mice. A dose-effect curve using 

alcohol-heightened aggressive female mice in a resident-intruder interaction paradigm would be 

able to answer this question.  

An additional shortcoming of this study is the lack of comparability to similar 

experiments conducted in male mice. Resident-intruder interaction procedures conducted with 

male mice are most similar to the Familiar CFW condition in this study. Novel intruders are not 

used because it leads to a novelty-induced aggression discussed earlier with a potential ceiling 

effect in the levels of aggressive behaviors expressed by male residents. The two B6 conditions 

(Familiar and Novel) have one and two additional manipulations respectively when compared to 

traditional male resident-intruder interaction procedures. An important note to mention was that 

a ceiling effect was not seen in female aggression when using novel B6 intruders. The use of the 

C57BL/6J mouse intruder in this study subtracts from the translatability of the levels of 

aggressive behavior measured. Aggression towards an intruder of the same strain more closely 

resembles a human aggressive encounter than aggression towards a different strain of the same 

species.  

Statistical analysis of the data collected in this study proved difficult due to the number of 

animals in each of the conditions. More subjects characterized as alcohol-heightened aggressors 

and non-heightened aggressors using both CFW and B6 intruders will be necessary to report 

statistical differences in the nature of this aggression. This would also allow for more powerful 

analysis of bite location. Further, additional analysis of lag sequence is required develop a 

prototypical or average sequence of behaviors leading up to and immediately following an attack 

bite delivered to a female intruder by a female resident. The nature of this study was that of 

optimizing a procedure for a population of animals whose aggressive behavior was relatively 
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unknown. A total of 58 mice were used in this study and about 40% of them were not 

consistently aggressive enough to test systematically. This led to lower than desirable numbers of 

animals in each condition. This became more problematic as it led to high levels of variability 

and in the data collected and led to issues with data meeting the standards for normality and 

equal variance required for statistical analysis.  

Despite these shortcomings, this study showed a significant effect of strain of intruder on 

aggressive behavior in CFW female mice pair-housed with an intact male, providing further 

evidence for the idea that stimulus quality plays a fundamental role in determining why mice 

fight. The subtle differences in the conditions used in this study suggest that the effect of intruder 

strain difference and novelty-induced aggression mediate aggressive and non-aggressive 

behavior in different and distinguishable ways. In addition, this set of experiments explored 

trends of increased aggressive behavior under the influence of acute ethanol self-administration 

and systemically injected benzodiazepines. This confirms the idea that intermale and interfemale 

aggression in mice and mediated by similar mechanisms, but the levels of sensitivity of the 

aggressive behaviors between sexes differ. 
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