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Schizophrenia is a debilitating psychiatric condition affecting almost one percent of the 

US population. Typical antipsychotics (e.g., haloperidol) have been in use for several decades 

and are generally very effective in treating the emotional and cognitive effects of schizophrenia, 

but are used as the last line of treatment due to their severe extrapyramidal motor side effects 

under chronic exposure. The present study was conducted to investigate the role of sex in 

determining the oromotor side effects of typical antipsychotics via measuring different 

behavioral dimensions of male and female Sprague-Dawley rats licking sucrose after haloperidol 

treatment. The results showed a stronger sensitivity in female rats than male rats within total 

licking responses and inter-lick intervals. The present results suggest closer attention needs to be 

paid to the role that sexual hormones play in the motor slowing and behavior-reducing effects of 

antipsychotics. 
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EXAMINATION OF SEXUAL DIFFERENCES IN THE ACUTE EFFECTS OF 

HALOPERIDOL ON LICKING

Introduction 

Schizophrenia is a debilitating psychiatric condition affecting almost one percent of the 

US population (Perez, Chen, & Lodge, 2014; Bhugra, 2005; Saha et al., 2005). Atypical and 

typical antipsychotics are the most widely and successfully used drugs to treat schizophrenia. 

Typical antipsychotics (e.g., haloperidol) have been in use for several decades and are generally 

very effective in treating the emotional and cognitive effects of schizophrenia, but are used as the 

last line of treatment due to their severe extrapyramidal motor side effects under chronic 

exposure (e.g., pseudo-Parkinsonism, tardive dyskinesia, akathisia) via their selective 

antagonism of dopamine D2 receptor types (see Fowler & Wang, 1998). Members of the atypical 

class (e.g., clozapine) are generally without such severe extrapyramidal side effects as they target 

multiple neurotransmitters including dopamine and serotonin, but may not be effective in some 

subpopulation of individuals with schizophrenia. Leucht, Wahlbeck, Hamann, & Kissling (2003) 

reviewed the increasing replacement of atypical antipsychotics over typical antipsychotics within 

109 citations by the Cochrane schizophrenia group. However, given their relatively newer status, 

they noted that atypical antipsychotics tend to be more expensive.  Thus, atypical antipsychotics 

are most commonly prescribed to treat schizophrenia, but typical antipsychotics are still used in 

certain intractable cases or when low-cost treatment is needed.  

Over the past several decades, research has documented that women compared to men 

require lower doses of typical antipsychotics to achieve a comparable therapeutic effect.  In 

general, symptomology of schizophrenia is milder in women, which has been hypothesized to be 

due to a protective effect of the hormone estrogen (Perez et al., 2014; Leung & Chue, 2000).  
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Supporting evidence for the presumed protective role of estrogen comes from research that 

shows psychotic symptoms worsen in women during periods of low estrogen in the hormonal 

cycle (Riecher-Rossler, Hafner, Stumbaum, Maurer, & Schmidt, 1994; Falkenburg & Tracy, 

2014) and following menopause (Riecher-Rossler et al., 1994, Falkenburg & Tracy, 2014).   

Estrogen participates in the regulation of dopamine release and receptor densities in the 

brain (Becker, 1999). As the regulation of estrogen within the brain increases, dopamine release 

is enhanced. This increased amount of dopamine and estrogen result in a less potent dose of an 

antipsychotic affecting the brain and therefore reduces the drug’s efficacy in reducing unwanted 

operant behavior. Given the strong relationship between typical antipsychotic efficacy and D2 

receptor function, understanding the role estrogen plays in altering D2 receptor activity and 

function is important to understanding the relationship between sex and typical antipsychotic 

drug effects.  In rats, ovariectomy which results in a subsequent loss of estrogen produces an 

increase in the number of D2 receptors in the striatal regions (Chavez et al., 2010). Moreover, 

recent functional neuroimaging work with monkeys has shown that D2 receptor availability 

changes over the menstrual cycle.  Czoty et al. (2009) showed that D2 availability increased 

during periods of the menstrual cycle when estrogen would be low (following ovulation), and 

that this was likely due to reduced levels of endogenous dopamine release.  Czoty et al. (2009) 

reviewed earlier work from their lab with male monkeys and concluded that males and females 

were most similar in terms of D2 availability when estrogen levels are higher in females and 

most different when estrogen levels are low (e.g., following ovulation). In Becker (1999), 

estrogen in male rats did not affect dopamine release and removal of testicular hormones didn’t 

have an effect on antipsychotic efficacy. 
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Hormone-cycle related changes in D2 function may explain some reported differences in 

the side effects of antipsychotics between males and females.  Experimental data in preclinical 

studies suggests that female rats are more sensitive than male rats to the some of the motor 

slowing (pseudo-Parkinson’s effects) of typical antipsychotics.  For example, Campbell et al. 

(1988) showed that female Long-Evans and Sprague Dawley rats were more sensitive than males 

to haloperidol-induced catalepsy, and Fuji & Ikeda (1982) found that weekly administration of 

haloperidol produced a greater hypersensitivity to haloperidol-induced catalepsy in Wistar-

Imamichi female than male rats, although daily administration induced a tolerance in females, 

but not males.  In neither of the previous findings, however, was care taken to examine females 

in particular phases of the hormone cycle. This may explain the considerable variability noted in 

the response by female rats in Campbell et al. (1988). 

The present study was conducted to investigate further the role of sex in determining the 

motoric side effects of typical antipsychotics.  The conclusions reached by Czoty et al. (2009) 

suggest that female-male differences will be most easily observed during periods of low 

estrogen.  Based on their data and review, this is likely due to the fact that lower estrogen levels 

reduce endogenous dopamine levels.  Constant antagonist concentrations, then, would produce a 

proportionally greater effect in such cases due to less competition from the endogenous ligand.    

Oscillations in sex hormones may be tracked via the rat’s estrus cycle.  The female rat 

estrous cycle lasts between 4 to 6 days and progresses through four stages (from ovulation to 

preovulation): Estrus, Metestrus, Diestrus, and Proestrus. Under a slide viewed by a microscope 

(see Figure 2), the rat estrous cycle can be determined based on cell stains from the upper layer 

of the vaginal tract. Three cell types are apparent in these slides: Nucleated epithelial cells, 

cornified epithelial cells, and leukocytes. The characterization of each stage of the estrous cycle 
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can be determined by cell type present (see Byers, Wiles, Dunn, & Taft, 2012; Marcondes, 

Bianchi, & Tanno, 2002; Westwood, 2008 for reviews).   

In our examination of motoric side effects, we focused on oromotor function, rather than 

gross motor catalepsy.  There were two main reasons for this focus.  First, by using automated 

equipment, we could obtain rapid, reliable measures of several quantitative dimensions of 

behavior.  Gross motor catalepsy is commonly measured using a rating scale (e.g., score “0” for 

normal movement, “1” for mild impairment, etc.), which can be subjective.  Second, oromotor 

functions have been studied extensively with respect to typical antipsychotics.  Several studies 

have shown that antipsychotics produce profound alterations in licking related to their pseudo-

Parkinsonism effects, reducing behavioral output, slowing the normal rhythm of licking, and 

reducing the force or effort of licks (Fowler, LaCerra, & Ettenberg, 1986; Fowler & Wang, 1998; 

Liao & Fowler, 1990; Sahlholm, 2014).  Interestingly, a review of the literature on this work 

showed that all previous studies on antipsychotic effects on oromotor function have used only 

male subjects.  So, there is an extensive literature with which to compare female-male 

differences.   

Methods 

Subjects 

Four male and four female Sprague Dawley rats were used. Rats were same-sex pair-

housed in a humidity- and temperature- controlled colony room with a 12 hr: 12 hr reversed 

light: day cycle (lights off at 9 am).  Rats were approximately 6 months old at the start of the 

study.  Female rats weighed between 200 and 300 grams. Male rats weighed between 300 to 400 

grams. Rats were kept on mild food deprivation and fed 12 g/day to maintain body weight. Food 



5 

was given after daily sessions and rats were approximately 23-hr food deprived at the start of 

experimental sessions.  Test sessions were conducted in the late morning (9:30-10:30 am) daily. 

Apparatus 

Licking was studied in a custom-built lickometer modelled after Fowler et al. (1986).  

The lickometer was housed in a sound-attenuating shell with exhaust fan for ventilation.  The 

lickometer was made of acrylic; the internal dimensions measured 43.82 cm x 43.82 cm x 66.68 

cm wherein lied an acrylic case (33.66 cm x 26.67 cm x 24.13 cm).  The floor of the chamber 

was perforated steel with ½-in holes staggered by ¼-in to allow excreta to pass through into 

catch pan lined with corn cob bedding.   Along one wall of the chamber, the floor was solid steel 

strip (20 gauge) 10 cm wide that ran the length of the wall.  The steel strip was perforated by a 1-

cm access hole located medially on the strip, 10 cm from its narrow edge. A second hole was 

located 10 cm from the opposing narrow edge, but was not used in this study.    

The hole provided access to a 1.2 cm “lick disk” centered 2 mm below the hole.  When 

the rat extended its tongue through the access hole, it could consume solutions made available on 

the disk.  The disk was mounted to an isometric force transducer (Model 31, Sensotec, 

Columbus, OH). Signals from the transducer were amplified using a commercial bridge amplifier 

(Model UV-10, Sensotec, Columbus, OH) and sampled at 100 Hz using a commercial data 

acquisition module (USB-6009, National Instruments, Austin, TX) using custom-developed 

software writing in LabviewTM (National Instruments, Austin, TX). The transducer’s accuracy 

was calibrated to 0.2-g units. Data taken when the chamber was empty showed the normal 

fluctuations in readings varied between -1g to 1g when no rat was in the chamber, this may be 

considered the error of measurement. A lick was detected by any force that surpassed a 2.5 g 
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threshold (roughly 2.5 times the baseline noise in the system).  The points where the force 

exceeded then fell below the threshold defined the lick.  Before a successive lick could be 

recorded, the force had to fall below the stated threshold. The lick disk was hollow in the middle.  

Plastic tubing connected to a syringe pump (Model BSP, Braintree Scientific, Inc., Baltimore, 

MA) allowed solution to pumped (1.6 ml/min) onto the disk surface for consumption. See Figure 

1 for further representation.  

Procedure 

Training 

Training consisted of a single training session to lick sucrose, 8% (w/v). For this and all 

test sessions, the session began by pumping 50 µl of solution onto the lick disk.  From that point 

on, each time the 10 licks were recorded, another 50 µl was delivered to the disk.  Thus, the rat 

could produce continuous delivery of sucrose by continuous licking.  Only a single session was 

required to establish licking in all rats.  Test sessions lasted for 15 minutes.  

Vaginal Smears 
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A vaginal smear was taken daily in the morning for determining stages of the estrous 

cycle.  Smears were taken about 1 hr. into the dark phase of light: dark cycle.  The procedures 

used for obtaining and identifying the cycle were based on standard procedures (see Byers, 

Wiles, Dunn, & Taft, 2012; Marcondes, Bianchi, & Tanno, 2002; Westwood, 2008 for reviews).  

Briefly, blue dye was aspirated into a pipette.  The pipette was inserted into the female’s vaginal 

tract and the tract irrigated.  Samples from the female were then placed on slides and the cycle 

determined by light microscopy.  The four stages of the cycle are Metestrus, Diestrus, Proestrus, 

and Estrus. Metestrus is defined by the presence of leukocytes and (few) cornified cells. Diestrus 

contained the predominance of leukocytes. Proestrus was predominantly filled with round 

nucleated cells with no leukocytes. Finally, estrus consisted prevalently of cornified cells.  All 

females showed two regular estrous cycles prior to drug tests. Prior to data collection, 

experimenters were given extensive hands-on training by an expert. See Figure 2 for 

representation of cell stains.  
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Licking Task 

After vaginal smears were taken, rats were placed into the lickometers for daily testing.  

Rats were run in two separate runs.  Two males and two females comprised each run.  Males and 

females were counterbalanced across the four lickometers and run number.  

Drug Treatment 

Once day-to-day licking stabilized and stable estrus cycles were confirmed, drug testing 

began. Each female was paired with a male based on baseline number of licks during the session.  

The basic design of the study was to test haloperidol in the female whenever she was found to be 

in estrous.  The male was “time locked” with the female to control for variation in entry into 

estrous (typically every 4-6 days).  This means that on days that a female was tested, her male 

counterpart was also tested at the same time. Haloperidol was only tested whenever a female was 

determined to be in estrus by vaginal smears.   

Drugs 

Haloperidol was obtained from Sigma (St. Louis, MO) and was dissolved in acified 

saline (0.002 M Lactic acid), which served as vehicle.  Injections were made intraperitoneally 

(IP) 45 minutes prior to testing. Each dose (Vehicle, 0.04, 0.08, 0.16 mg/kg) was administered in 

a volume of 1.0 ml/kg and tested in a random order.  Once all doses were tested, the dose-

response function was re-determined in reverse order from the first determination.   

Data Analysis 

The rats’ licking behavior was recorded based on a force transducer as they consumed 

8% concentrated sucrose water (see Fig. 1 for representation). The primary data analysis focused 

on specific measurements of the rats’ average licking response rate, average peak force, and 

average time integral of force. Figure 3 provides an example of typical data from a series of 
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licks.  Ten licks were recorded over approximately 1.5 s.  Figure 3 illustrates the primary data 

examined in this study.  Peak force (PF) reflects the maximal force of the lick; inter-lick intervals 

(ILI) were defined by the time from following the offset of one lick to the onset of the next; 

time-integral of force (TOF) is the area under the force-time curve and reflects cumulative 

exertion during the lick, and so reflects the combined effects of force and lick duration.   

Results 

In Figure 4, all data shown comes from the baseline before drug treatment. Each point 

represents the averaged total licking within one of the four stages of the estrous cycle for each of 

the female rats. In baseline, there was no significant difference between the averaged totaled 

lickings before haloperidol treatment. The estrous cycle didn’t show a significant systematic 

differentiation until haloperidol was introduced. 

In Figures 5 and 6, all cumulative records are shown for both determinations of each 

dose. Females are shown in Figure 5 and males are shown in Figure 6. Each graph is separated 

into two passes, reflecting the first and second determinations of each dose. Comparing Figures 5 

and 6, males showed more consistent licking following vehicle; licking in females often had 

slowed or stopped by 7-10 min into the session, but males licked near continuously throughout 
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the session. The 0.08 and 0.16 mg/kg doses show an overall total of licking responses that is 

reduced compared to the results of the vehicle and 0.04 mg/kg doses for both sexes, but the 

impression of the records suggests females were more sensitive to haloperidol’s effects.  
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The left graph in Figure 7 shows average total licking for males and females expressed as 

a percentage over total licking obtained following vehicle.  Data are expressed as a proportion of 

vehicle because there were substantial differences between the males and females at baseline 

(see Table 1).   Error bars denote 95% confidence intervals. Data from individual rats are show 

in the right-hand graph.  This is shown again in the right graph as individual data where rats F1 

to F4 are the females and rats M1 to M4 are the males.  In general, haloperidol dose-dependently 

decreased licking in all animals; however, females show a faster decrease in slope when 

compared to males, reflecting greater sensitivity to haloperidol’s suppressing effects.  

Figure 8 shows haloperidol’s effects on tongue force (g).Table 1 shows the baseline peak 

forces obtained for all rats following vehicle administration.   The largest dose of haloperidol 

decreased tongue force by an average of 20%; there were no apparent differences between males 

and females.  Thus, there appears to be no dissociation between haloperidol’s effects on overall 

licking output and its effects on licking execution, in terms of force. Figure 9 shows 

haloperidol’s effects on the time integral of force.  Haloperidol’s effects on time integral of force 

did not vary markedly from it’s effects on peak force; this is because licks are so brief (20-35 ms 

in duration) that most of the variation in time integral of force is accounted for by the peak force.  

Again, females appeared more sensitive to haloperidol’s effects than males.  
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Lastly, we consider haloperidol’s effects on lick timing. Rat licking is characterized by 

very rhythmic tongue movements that are separated by intervals of around 100-150 ms.  

Generally, longer intervals reflect pauses in licking. We aggregated data from corresponding 

haloperidol determinations and computed the relative frequency of licks in 10-ms class intervals 

from 80 – 200 ms.  The averaged data are shown in Figure 10. For females, there was a reliable 

decrease in short intervals and a progressive shift to the right in the peak of the distribution; 

additionally, there was a dose-dependent increase in percentage of intervals > 200 ms.  This 

reflects a progressive motor slowing of tongue rhythm for females. For males, only the highest 

dose produced any indication of slowing (distribution shifted to the right). In Figure 11, the 

licking responses and inter-lick intervals are shown in three different rows of graphs that follow 

a fitted Gaussian curve. These graphs represent the fitted peaks, standard deviation, and fitted 

means of each dose session’s responses. All rats showed a gradual slowdown in their response 

rate and a larger increase in their inter-lick intervals. Females showed more sensitivity compared 

to males.  
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Discussion 

As far as we know, the present study is the first to compare sex differences in the effects 

of haloperidol on licking function.  In terms of overall lick total, females in the estrus stage 

period were more sensitive to dose than the males. This was also true for lick timing. Females 

showed the biggest decrease compared to males. This coincides with Campbell et al. (1988) and 

Fuji & Ikeda (1982) which not only showed females were more sensitive than males to a 

cataleptic effect caused by haloperidol, but also showed a hypersensitivity in females than males 

as operant responding decreased faster in females within weekly administration.   

While the overall force total wasn’t as systematically affected, this may be due to the 

short distance that the rats’ tongue had to travel to contact the transducer (2 mm). Fowler & 

Wang (1998) conducted distance manipulations on Sprague-Dawley male rats within 10-day 

periods where on successive days they moved the distance between 2, 4, 2, 6, 2, 8, 2, 2, 2 and 2 

mm. Increasing the distance tended to reduce force and lick number, and at 8 mm distance, they 

found marked reductions in behavioral output.  

Within this study, multiple doses over time showed a larger difference as the larger doses 

in the second determination showed fewer responses from both sexes than the previous 

determination. Again, this matches up with the catalepsy effect, but also matches the antagonistic 

effects of haloperidol on dopamine (D2) receptors as shown by Becker (1999), Fowler et al. 

(1986), Sahlholm et al. (2014), and Liao & Fowler (1990). Based on the data and the previous 

literature, it appeared certain that our subjects would have stopped licking within sessions if we 

had continued. Based on the data observed showing a trend to increasing sensitivity, re-enacting 
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a procedure using multiple determinations of the same rats to test reliability may prove 

untrustworthy in future studies.  

Cumulative records showed that males tended to lick more consistently across the session 

with very few breaks between licks. Females took longer breaks between licks as the dose 

became bigger and stopped licking earlier in the session. Such effects are consistent with 

haloperidol-induced cataleptic effects, and the data are consistent with differences between males 

and females previously reported.  Baseline differences in licking, however, cannot be ruled out 

as females were already showing less consistent licking than males following vehicle. By 

looking at the cumulative records in Figures 4 and 5, we can see there are baseline differences 

between the sexes’ licking output during control sessions.  It is unclear how or if these 

differences in baseline affected haloperidol’s effects in the present study.   

We examined females in the estrus stage of the estrous cycle based on others’ reports 

(Becker, 1999) that this was found to be the stage where variations in behavior were strongly 

affected by haloperidol’s influence. After extensive learning of the histology of the estrous stages 

(Westwood, 2008; Marcondes et al., 2002; Byers et al., 2012) and practice examining samples of 

it, we present data that strongly correlates with their findings of significant differences between 

the sexes. Of course, a limitation to this study is that we pursued one specific stage rather than 

the entirety of the estrous cycle and future research will be needed to examine these effects at 

other points in the estrous cycle. This only leads into the importance of a future study that could 

compare the effectiveness of the estrous cycle within haloperidol treatment such as comparing 

the results of ovariectomized females with normal female subjects to explicitly examine the role 

of sex hormones on the behavioral effects of antipsychotics. 
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Another thing to note for future studies is the relevance of this study in regards to the 

field of Behavior Analysis. For the present study, baseline data showed sex differences within 

cumulative and averaged total licking. This may have been caused by low amounts of estrogen 

that could have changed the resulting values of sucrose. Between males and females, the low 

levels of estrogen may have altered an establishing operation for sucrose. An establishing 

operation (EO) is an antecedent to the behavior that increases the reinforcing properties of a 

consequence after the behavior and how effective that consequence can be as a reinforcer to the 

behavior. An example of an EO could be a drug if the rate of a behavior increases after drug 

consumption. In McSweeney, Murphy, & Kowal (2005), the authors examined how drugs can 

regulate reinforcer effectiveness. In particular, they discussed different articles that showed when 

drugs and medication could cause sensitization or habituation to an originally preferred stimulus 

delivered after behavior occurs. 

In the case of estrogen, other articles have shown estrogen may also affect reinforcer 

effectiveness. Curtis, Stratford, & Contreras (2005) recognized from previous works that 

ovariectomized female rats tended to ignore dilute sucrose solutions until given a shot of 

estrogen over an oil vehicle, but during their study, estrogen was shown to interfere with the 

ability to detect dilute sucrose solutions based on a conditioned taste aversion pairing small 

amounts of sucrose with aversive injections of lithium chloride (LiCl). In Than, Delay, & Maier 

(1994), sucrose thresholds were measured at three different points in the menstrual cycle for 14 

women and compared with 13 men tested at similar intervals. While men were constant with 

their thresholds throughout the study, women were only similar to men in menstruation and post-

ovulation, but were significantly lower in thresholds during pre-ovulation. Future research could 
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cover the relationship of haloperidol and estrogen with their possible effects on reinforcer 

effectiveness. 

In conclusion, studies such as Fowler and Wang (1998), Fowler et al. (1986), and 

Sahlholm et al. (2014) have shown the severe side effects of haloperidol when taken chronically. 

Sex differences in the response to haloperidol have been reported by Campbell et al. (1988) and 

Fuji and Ikeda (1982), and the present study extends those findings to oromotor function.  Given 

speech and tongue movements are often impaired as a side effect to typical antipsychotic 

administration in humans, and adverse side effects such as motor slowing, catalepsy, and 

movement difficulties are a main reason for failure to comply with dosing regimens, the present 

results suggest closer attention needs to be paid to the role(s) sex and hormone cycles play in the 

motor slowing and behavior-reducing effects of antipsychotics.   
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