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Highlights  

• Administration of a ketogenic diet altered the copulatory sequence in male rats 

• The expected pattern of increased likelihood of ejaculation with experience was delayed 

• These males may require more sexual stimulation in order to successfully copulate 
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Abstract 

Ketogenic diets (KDs) have shown therapeutic potential for a range of neuropsychiatric 

disorders; however, there is insufficient data regarding the behavioral impacts of KDs in healthy 

populations. Here, we examined the impact of a KD on sexual behavior in young adult male 

Sprague-Dawley rats maintained on either a KD or standard chow diet (SD). We found that KD 

males exhibited higher mount rates, higher intromission rates (third and fourth tests only), and 

lower ejaculation likelihood (second test only) compared to SD males. Consequently, it may be 

that experience-dependent changes in the processing of sexual stimuli are not occurring as 

efficiently in KD males, thereby yielding the observed copulatory sequence alterations.  

 

Keywords: Copulation; Ketogenic; Metabolic therapies; Sexual behavior 
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1. Introduction 

Metabolic therapies including high-fat, low-carbohydrate ketogenic diets (KDs) have 

been increasingly examined for therapeutic potential across a wide range of clinical disorders [1]. 

Indeed, KDs have an extensive record of clinical efficacy for epilepsy [2] and are now being 

examined for efficacy in animal models of neuropsychiatric conditions ranging from autism [3–

7] to drug addiction [8–12]. KDs have also achieved more widespread use as a means to lose 

weight and increase athletic performance [13,14]. With increasing application of these diets to 

both clinical and non-clinical populations, there is a pressing need to assess the impacts of KDs 

on a wider range of functions, including sexual behavior.  

To date, little is known about the impact of KDs on sexual functioning. One study 

wherein a KD was administered to obese adults examined various self-reported measures of 

sexual health [15]. There was no change in sexual functioning in men over the four month diet 

period; however, in women, several indices showed improvement in participants on a KD vs. 

those on a standard diet (SD), including orgasm, excitation, and lubrication. Given that these 

female participants were not only obese but were also rated as having overall sexual dysfunction 

at baseline (prior to KD administration), it is difficult to disentangle the impact of reducing 

BMI/weight vs. any more direct impacts that a KD may exert on sexual functioning. It is, 

however, important to note that an inconsistent correlative relationship was observed between 

changes in BMI/weight across time and sexual functioning in women for at least some sexual 

health measures (e.g., lubrication), suggesting that changes in BMI/weight alone likely do not 

fully explain the observed KD effects. A single study examining effects of a KD on sexual 

functioning in male mice utilized a genetic model of epilepsy (EL mice) [16]. This study found 

that a subset of males exhibit spontaneous death due to a urogenital obstruction occurring when 
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seminal fluid is not fully ejaculated and instead coagulates in the urethra; this obstruction does 

not occur in EL males maintained on a KD. Although this study demonstrates a valuable benefit 

of the KD in a clinical model featuring obstructive uropathy, the broader impact of a KD on male 

sexual functioning in rodents remains unclear.  

Studies examining the effects of KDs on social (non-sexual) interactions in healthy 

rodents indicate that KD males show increased sociability towards same-sex conspecifics 

[17,18]; this KD-enhancement of sociability is further supported by evidence of amelioration of 

the social deficits that would otherwise be observed in rodent models of autism [3–7] following 

administration of a KD. Given that (1) factors that negatively impact sociability in male rats 

(e.g., repeated social defeat) [19] also negatively impact male rat copulatory performance 

[20,21], and (2) the positive impact of a KD on sociability as highlighted above, we predicted 

that copulatory responses would be enhanced in males administered a KD. To determine whether 

this is indeed the case, we administered a KD or SD to juvenile male rats and then tested these 

males as young adults for copulatory responses across repeated sexual behavior tests. We found 

that there were specific alterations to the copulatory responses exhibited by KD males, including 

increased rate of intromissions (Sex Tests 3 and 4) and decreased likelihood of ejaculation (Sex 

Test 2).  

2. Materials and methods 

2.1 Animals 

Male and female Sprague-Dawley rats were first generation offspring of breeders 

originally obtained from Charles River Laboratories (Kingston, NY). Following weaning, 

offspring were group-housed (two same-sex animals per cage) in polycarbonate cages with wire 

lids and woodchip bedding. Animals were maintained on a 12:12 light:dark cycle (lights off at 12 
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pm), with all testing occurred during the dark phase of the cycle. All animals were provided with 

ad libitum access to food and water. Animal procedures were carried out in accordance with the 

Guide for the Care and Use of Laboratory Animals: Eighth Edition [22] and were approved by 

the Trinity College Animal Care and Use Committee. 

2.2 Diet 

 At five weeks of age, rats were randomly assigned to either remain on a SD (LabDiet 

5001, W. F. Fisher & Son, Somerville, NJ) or switched to a KD (Bio-serv F3666, Flemington, 

NJ). A detailed comparison of the dietary constituents of the specific SD and KD used here are 

provided in Table 1. Animals remained on their assigned diets for the duration of their 

involvement in the study. Although intake of the assigned diet was not regulated or monitored in 

the present study, it has been previously reported that male rats maintained on this KD have 

increased caloric intake compared to SD males [18].  

 

Table 1 

Composition of Experimental and Control Diets 

 BioServ F3666 LabDiet 5001 

 % Composition kcal/g % Composition kcal/g 

Fat 75.1 6.76 6.4 0.56 

Protein 8.6 0.34 24.1 1.18 

Carbohydrate 3.2 0.13 48.1 2.34 

Total 86.9* 7.23 78.6* 4.08 

Note. *Diets also contain fiber, ash, and moisture. 
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2.3 Ovariectomy surgeries 

 Sex stimulus female rats were ovariectomized at 5-6 weeks of age via the bilateral, dorsal 

approach described previously [23], with a few notable alterations to the prior published 

procedure. Specifically, females were anesthetized with isoflurane (Zoetis, Kalamazoo, MI) in 

oxygen gas (5% induction; 1.5-2.5% maintenance), the isolated ovaries were removed via 

cauterization, the muscle incision sites were closed with absorbable sutures (Ethicon, Somerville, 

NJ, USA), and the skin incision sites were closed with wound clips (Stoelting, Wood Dale, IL). 

Females received s.c. injections of meloxicam (2.5 mg/kg; Patterson Veterinary, Devens, MA) 

for analgesia, once just prior to surgery and again within 24 hours of surgery. Wound clips were 

removed one week following surgery. At the conclusion of the three day post-surgical 

monitoring period, females were placed on either a KD or continued on a SD; females remained 

on these assigned diets through the conclusion of their use in behavioral testing. 

2.4 Hormones and injections 

 Estradiol benzoate (EB; E8515 Sigma-Aldrich, St. Louis, MO) and progesterone (P; 

P0130 Sigma-Aldrich) were dissolved in cottonseed oil to a concentration of 0.05 mg/ml (EB) or 

5 mg/ml (P), and injected s.c. at a volume of 0.1 ml. Sex stimulus female rats received these 

injections of EB 48 hours, and P 4-6 hours, prior to use in behavioral tests [24]. Individual 

females received this pattern of injections repeatedly, with each injection of EB spaced by at 

least 72-96 hours. 

2.5 Behavioral testing 

 Starting at eight weeks of age, male rats received a series of four sex tests across the 

duration of the experiment. Each test was separated by 96 hours. This spacing between tests was 

chosen due to unpublished data from our own lab and published work of others [25,26] 
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indicating that male rats are more likely to show high levels of intromissions and are more likely 

to ejaculate when sex tests are spaced by at least four days. All tests occurred in glass aquariums 

(76 x 31 x 48 (l x d x h) cm) with woodchip bedding. Males were habituated to the testing 

apparatus for 30 min [27] prior to the start of each sex test. Hormone-primed and diet-matched 

sex stimulus females were then introduced into the apparatus and the animals were allowed to 

freely interact until either an ejaculation occurred or 30 min elapsed, whichever occurred first. 

Each male received a novel sex stimulus female across the four sex tests. Tests were video 

recorded; the number of mounts, intromissions, and whether an ejaculation occurred during 

testing were scored live, whereas the latency to first mount, intromission, and ejaculation scored 

from the recordings. 

2.6 Blood collection and analyses 

 Rats were euthanized 24-48 hours following the last sex test. Trunk blood samples were 

collected into tubes and centrifuged at a rate of 12,500 RPM for 5 min at 24C. Serum ketone 

(i.e., -hydroxybutyrate) and glucose levels were quantified using Precision Xtra meters (Abbott 

Laboratories, Bedford, MA), in order to confirm successful induction of ketosis in KD rats.  

2.7 Data analyses 

All data were analyzed using JASP (v 0.16) software. Data were first examined for 

skewness, kurtosis, and normality (Shapiro-Wilk test); when identified, outliers (scores outside 

the interquartile range [IQR] by more than 1.5 +/- IQR) were removed. This resulted in  

measure-specific test-day data from one KD outlier (mount rate), one SD outlier (mount latency), 

and one SD outlier (intromission rate) being removed, yielding analyzed sample sizes of 9-10 

individuals per treatment group. Repeated factors with more than three levels were examined for 

evidence of sphericity; when identified, the Huynh-Feldt correction was applied. The number of 
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mounts and intromissions were transformed into rates (#/min) to account for differences in total 

test time across tests/animals. Latency data for these two measures were log-transformed in order 

to normalize distributions. In all cases, p values of less than 0.05 were considered a priori to be 

statistically significant. Effect sizes are reported as partial 2 (ANOVA analyses). 

Mount and intromission (rate/latency) as well as weight data were examined for the 

effects of diet (SD vs. KD) and time (mount/intromission: Sex Tests 1-4; weight: Baseline, Sex 

Test 1, and Sex Test 4) using mixed-design ANOVAs. Significant interactions were further 

examined for the simple effect of diet at each time point (ANOVAs calculated using pooled error 

terms, as discussed in Howell [28]). The effect of diet on likelihood of ejaculation within each 

test was examined using the exact binomial test with Benjamani-Hochberg correction for 

multiple comparisons [29], whereas the effect of test on likelihood of ejaculation within each diet 

group was examined using Fisher’s exact test. The effects of diet on blood glucose and ketone 

levels as well as average ejaculation latency were examined using one-way ANOVAs. 

 

3. Results 

The effects of diet (KD vs. SD) and test (Sex Tests 1-4) on the rate (# per minute) of 

mounts and intromissions, as well as the log-transformed latency to exhibit each of these 

behaviors, were examined using repeated measures ANOVAs (Figure 1). There were significant 

main effects of diet on mount rate, F(1,17) = 16.16, p < 0.01,  𝑝
2   = 0.49 (Figure 1A), and 

intromission rate, F(1,17) = 7.24, p = 0.015,  𝑝
2   = 0.30 (Figure 1C), with KD males exhibiting 

significantly higher mount/intromission rates than SD males. In addition, there were significant 

main effects of test on mount rate, F(3,51) = 12.67, p < 0.01,  𝑝
2   = 0.43, and intromission rate, 

F(3,51) = 26.62, p < 0.01,  𝑝
2   = 0.61, with the rate of intromissions observed in a given test 
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increasing with sexual experience. The main effects of diet and test day on intromission rate 

were moderated by a significant diet x test interaction, F(3,51) = 4.64, p < 0.01,  𝑝
2   = 0.21. 

Simple effects analyses revealed that intromission rates did not significantly differ between diet 

groups on Sex Test 1, F(1,41.55) = 0.51, p = 0.48,  𝑝
2   = 0.012, or on Sex Test 2, F(1,41.55) = 

0.33, p = 0.57,  𝑝
2   < 0.01; however, KD males had significantly higher intromission rates on 

Sex Test 3, F(1,41.55) = 10.32, p < 0.01,  𝑝
2   = 0.25, and on Sex Test 4, F(1,41.55) = 13.36, p < 

0.01,  𝑝
2   = 0.32. A significant main effect of test day was also observed for mount and 

intromission latencies (mounts: F(3,48) = 53.25, p < 0.01,  𝑝
2   = 0.77; intromissions: F(2.34, 

37.50) = 47.61, p < 0.01,  𝑝
2   = 0.75), with latencies decreasing with increasing sexual 

experience (Figure 1B & 1D). These effects were moderated by significant diet x test 

interactions (mounts: F(3,48) = 5.63, p < 0.01,  𝑝
2   = 0.26; intromissions: F(2.34,37.50) = 4.89, p 

< 0.01,  𝑝
2   = 0.23), with simple effects analyses indicating that latencies for both measures were 

significantly longer for KD vs. SD males on Sex Test 2 (mount: F(1,47.80) = 6.70, p = 0.013, 

 𝑝
2   = 0.14; intromissions: F(1,41.22) = 12.78, p < 0.01,  𝑝

2   = 0.31). No significant differences 

were observed on Sex Test 1 (mounts: F(1,47.80) = 3.58, p = 0.065,  𝑝
2   = 0.075; intromissions: 

F(1,41.22) = 0.067, p = 0.80,  𝑝
2   < 0.01), Sex Test 3 (mounts: F(1,47.80) = 0.32, p = 0.58,  𝑝

2   

< 0.01; intromissions: F(1,41.22) = 0.38, p = 0.54,  𝑝
2   < 0.01) or Sex Test 4 (mounts: F(1,47.80) 

= 0.56, p = 0.46,  𝑝
2   < 0.01; intromissions: F(1,41.22) = 0.28, p = 0.60,  𝑝

2   < 0.01). 
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Figure 1. Copulatory behaviors observed during sexual behavior tests for male rats administered 

either a standard (SD) or ketogenic (KD) diet. All data are mean (± SEM), with the exception of 

the percent ejaculation data (E). KD animals exhibited significantly higher mount rates 

(collapsed across test day; A) and intromission rates (Sex Tests 3 and 4; C), and were less likely 

to ejaculate (Sex Test 2; E), compared to SD males. Further, KD males had significantly longer 

log-transformed latencies to mount (B) and intromit (D) on Sex Test 2. There were no significant 

differences in the latency to ejaculate (data averaged across all tests wherein an individual 

ejaculated; F).  * p < 0.05, main effect of diet (A) or simple main effect of diet within a specific 

test day (B-E). Note that data from one KD outlier (A), one SD outlier (B), and one SD outlier 

(C) were removed from the respective datasets.  

0.0

2.0

2.5

1.5

1.0

0.5 0.5

3.0

0.0

2.0

2.5

1.5

1.0

0.5

3.0

Test 1 Test 2

M
o

u
n

t 
R

a
te

 (
#

/m
in

)

Test 3 Test 4

KD

SD *

In
tr

o
m

is
s
io

n
 R

a
te

 (
#

/m
in

)

Test 1 Test 2 Test 3 Test 4

KD

SD

* *

*

0

25

50

100

75

E
ja

c
u

la
ti
o

n
 (

%
 n

)

Test 1 Test 2 Test 3 Test 4

KD

SD

*

E
ja

c
u

la
ti
o

n
 L

a
te

n
c
y
 (

s
e

c
)

0

750

500

1000

250

1500

1250

M
o

u
n

t 
L

a
te

n
c
y
 (

lo
g

 s
e

c
)

Test 1 Test 2 Test 3 Test 4

KD

SD

In
tr

o
m

is
s
io

n
 L

a
te

n
c
y
 (

lo
g

 s
e

c
)

Test 1 Test 2 Test 3 Test 4

KD

SD

*

A

C D

E F

B

0.0

2.0

2.5

1.5

1.0

3.0

0.5

0.0

2.0

2.5

1.5

1.0

3.0

SD KD

                  



Running head: KETOGENIC DIET & MALE RAT SEXUAL BEHAVIOR 

 

12 

The likelihood of ejaculation on a given test was first compared across test days, 

separately for each diet condition, using the exact binomial test with Benjamani-Hochberg 

correction for multiple comparisons [29]. Although only 10% of SD males ejaculated during Sex 

Test 1, the likelihood of ejaculating increased significantly by Sex Test 2 (90% ejaculating) and 

remained significantly higher when comparing Sex Test 3 (100% ejaculating) and 4 (100% 

ejaculating) vs. Sex Test 1, all p < 0.05 (Figure 1E). This pattern was altered in KD animals; 

specifically, the likelihood of ejaculating for these males did not increase significantly from Sex 

Test 1(20% ejaculating) to Sex Test 2 (30% ejaculating), p > 0.05, although there was an 

increased probability of ejaculation when comparing the first sex test against Sex Test 3 (90% 

ejaculating) and 4 (90% ejaculating), all p < 0.05. Fisher’s exact test was then used to compare 

the likelihood of ejaculation during a test across diet conditions. This analysis revealed that SD 

males were more likely to ejaculate during Sex Test 2 compared to KD males, p = 0.02; no 

significant differences were observed on the other test days, all p > 0.05. Given the number of 

males that did not ejaculate in either of the first two tests (e.g., 8 or 9 (out of 10) per group in Sex 

Test 1), the average latency to ejaculate for each male across any tests in which that male 

ejaculated was calculated and then averaged within each diet condition. There were no 

significant differences in averaged ejaculation latency across treatment groups, F(1,18) = 0.77, p 

= 0.39,  𝑝
2   < 0.041 (Figure 1F). 

Twenty-four hours following Sex Test 4, male rats were euthanized and trunk blood was 

collected and analyzed for glucose and ketone levels (Figure 2). There was no significant effect 

of diet condition on blood glucose, F(1,18) = 1.53, p = 0.23,  𝑝
2   = 0.079 (Figure 2A). As 

expected, there was a significant main effect of diet on blood ketone levels, F(1,8.14) = 33.34, p 
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< 0.01,  𝑝
2   = 0.69, with KD animals exhibiting elevated blood ketone levels compared to SD 

animals (Figure 2B). 

 

 
 

Figure 2. Mean (± SEM) blood glucose and blood ketone (-hydroxybutyrate) levels in male 

rats taken at the conclusion of the experiment. Blood glucose levels were not significantly 

different in male rats maintained on a standard diet (SD) vs. a ketogenic diet (KD) (A). In 

contrast, blood -hydroxybutyrate levels were significantly higher in KD vs. SD rats (B). * p < 

0.05, SD vs. KD comparison. 
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The effect of diet (KD vs. SD) on body weight was assessed at Baseline (prior to diet 

assignment), at Sex Test 1, and at Sex Test 4. In agreement with previous reports [10], there was 

a significant main effect of diet on weight, F(1,18) = 242.81, p < 0.01,  p
2 = 0.93, with SD males 

weighing significantly more than KD males (Figure 3). There was also a significant main effect 

of time on weight, F(1.26,22.74) = 838.25, p < 0.01,  p
2 = 0.98, with weight increasing across 

time, as well as a significant diet x time point interaction, F(1.26,22.74) = 574.84, p < 0.01,  p
2 = 

0.97. This interaction was further examined for the simple main effect of diet at each time point. 

Importantly, weight did not differ across assigned diet conditions at Baseline, F(1,26.34) = 0.37, 

p = 0.55,  𝑝
2   = 0.014. However, weight was significantly lower in KD vs. SD animals at Sex 

Test 1, F(1,26.34) = 298.49, p < 0.01,  𝑝
2   = 0.92, and at Sex Test 4, F(1,26.34) = 394.20, p < 

0.01,  𝑝
2   = 0.94.  

 

 
 

Figure 3. Mean (± SEM) body weight of male rats maintained on a standard (SD) or ketogenic 

(KD) diet. Weight was assessed at Baseline, at Sex Test 1, and at Sex Test 4. There were no 

significant differences in weight at Baseline; however, SD rats weighed significantly more than 
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KD rats at Sex Test 1 and Sex Test 4. * p < 0.05, simple main effect of diet within a specific test 

day.  

                  



Running head: KETOGENIC DIET & MALE RAT SEXUAL BEHAVIOR 

 

16 

4. Discussion 

 We show here that administration of a KD alters the copulatory sequence across repeated 

sexual experiences in young adult male Sprague-Dawley rats. Specifically, male KD rats 

exhibited a higher mount rate, higher intromission rate (Sex Tests 3 & 4 only), increased 

latencies to mount and intromit (Sex Test 2 only), and reduced likelihood of reaching ejaculation 

(Sex Test 2 only), compared to SD males. Further, administration of a KD significantly reduced 

weight gain and increased blood ketone levels in these males, in agreement with our prior work. 

Taken together, these findings indicate that although both groups of males increased their rates 

of sexual contact and likelihood of ejaculation with repeated sexual experience, KD males may 

do so with less efficiency compared to SD males.  

 The observed improvements in the copulatory efficiency of SD and KD males following 

repeated sexual experience is in excellent agreement with past literature. Specifically, the overall 

reductions in mount and intromission latencies closely parallels what has been shown previously 

in similarly within-subjects [e.g., 25] as well as in between-subjects [e.g., 30] design studies. 

Although sexually-naïve males will form a conditioned place preference to either intromissions 

alone or to intromissions plus ejaculations, indicating that both types of stimulation are 

rewarding to these males, experienced males will only form a CPP for ejaculation [31]. Sensory 

information relevant for the reinforcing aspects of copulation travel from the penis to the spinal 

cord via the pudental and dorsal penile nerves; this information is then relayed from the spinal 

cord to limbic/hypothalamic areas such as the medial preoptic area (MPOA) [32]. Indeed, 

copulatory stimuli induce expression of immediate early genes such as c-fos [33] and Arc [27] in 

MPOA of male rats. Interestingly, males with repeated sexual experience show enhanced 

copulation-induced c-fos expression in this brain area compared to inexperienced males, despite 

                  



Running head: KETOGENIC DIET & MALE RAT SEXUAL BEHAVIOR 

 

17 

receiving fewer intromissions [34]. Considered together, these data indicate that experience may 

lead to differential processing of sensory stimuli to enhance copulatory efficiency. Our findings 

that KD males show reduced likelihood of ejaculation (Sex Test 2) and increased rate of 

intromissions (Sex Tests 3 & 4) compared to SD males suggest that this experience-dependent 

shift may not be occurring as efficiently in KD males. In possible agreement with this point, it 

may be that the increased mount/intromission latencies observed in Sex Test 2 in KD males are 

indicative of a persisting focus on anogenital investigation and related precopulatory responses 

vs. mounting/intromitting; however, this is strictly speculative given that precopulatory 

behaviors were not analyzed in the present study. Additional research will be required to 

determine the extent to which sexual experience impacts sexual reinforcement (and the 

processing of sexual reinforcement-relevant stimuli) in KD animals. 

One mechanism whereby a KD could impact processing of sexually-relevant stimuli to 

influence copulation is via alterations to gonadal steroid hormone signaling. Past work in 

castrated male rats has demonstrated a negative relationship between testosterone (T) dose 

administered and intromission latency, as well as a positive correlation between T dose and 

likelihood of ejaculation within 30 min [35]. Furthermore, those authors report that copulatory 

performance is most broadly disrupted when circulating T is substantially below levels normally 

observed in intact males. However, administration of a KD does not impact serum T levels in 

adult male rats maintained on this diet [36]. This is in contrast to data in humans showing that a 

KD increases serum T in both obese [37–39] and healthy [40] men. As such, it appears unlikely 

that circulating T levels were decreased in KD male rats utilized in the present study. Androgens 

such as T exert their effects on male copulatory responses via actions at androgen receptors 

(ARs). Gonadectomized, T-implanted male rats administered the AR antagonist flutamide show 
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reduced mount, intromission, and ejaculation frequencies compared to T-implanted males 

administered vehicle [41]. These effects are likely mediated by ARs in MPOA, given that 

implantation of hydroxyflutamide into MPOA decreases copulatory responses in T-implanted 

males [42]. It therefore may be the case that AR expression/function is altered in male rats 

maintained on a KD, leading to the altered sexual functioning observed in these males. 

 An additional, non-mutually exclusive mechanism driving behavioral effects observed in 

the present study may be diet-induced alterations to adenosinergic/dopaminergic signaling. 

Ketones such as -hydroxybutyrate are efficient energy sources; indeed, mice maintained on a 

KD have higher brain levels of ATP [43] as well as the ATP metabolite adenosine [44], 

compared to SD mice. Caffeine, a non-specific adenosine receptor antagonist, increases the 

number of mounts and intromissions in adult male rats [45]. Although not directly examined, it 

could be that enhanced brain adenosine signaling (via KD administration) would also decrease 

these responses. Both adenosine A1 and A2A receptors are found within brain reward areas such 

as the nucleus accumbens (NAc) [46], forming antagonistic heterodimers with dopamine 

receptors (dopamine D1 and D2 receptors, respectively) [47]. Adenosine signaling could 

therefore act to counter the effects of dopamine within NAc; this is in fact a major, hypothesized 

mechanism of action for this diet’s effects on responses to drugs of abuse [48]. Infusion of the 

D2-like receptor antagonist haloperidol failed to affect copulatory responses in male rats [49]; 

however, infusion of the nonselective dopamine receptor antagonist cis-flupenthixol into MPOA 

reduces the number of mounts, intromissions, and ejaculations in these males [50]. Interestingly, 

dopamine levels increase in MPOA of copulating male rats, but decrease in those that fail to 

copulate [51]. Considered together, these data suggest MPOA, rather than NAc, may be more 

critical for the effects of dopamine on copulatory responses. Whether adenosine acts to modulate 
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dopamine signaling within MPOA, and further, whether this modulation underlies the impact of 

a KD on male rat copulatory responses, are important unanswered questions to be addressed 

moving forward. 

There are several limitations of the present work that warrant discussion. First, general 

locomotor activity was not assessed in this study. As such, it may be that the increased mounts 

and intromissions observed in KD males is reflective of a more generalized locomotor 

stimulating effect. Although caloric intake was not tracked in the present study, the KD utilized 

here does indeed have more kcal/g compared to the utilized SD and there is evidence from a 

prior study that male rats on a KD have higher caloric intake than those on an SD [18]. It is not 

unreasonable, then, to speculate that increased energy availability could yield increased 

locomotion in KD rats. However, in our previous work we found no differences in general 

ambulatory activity between KD and SD rats that were tested at similar ages, and with a similar 

age of assigned diet initiation/length of time on assigned diet, as in the present study [10]. 

Furthermore, if a non-specific locomotor-enhancing effect was driving the results observed here, 

it would be expected that the latency to ejaculate on Sex Tests 3 & 4 (i.e., when KD rats show 

significantly increased intromissions vs. SD males) would be significantly reduced. Yet no 

differences in ejaculation latency were observed on these test days. An additional limitation is 

the exclusive use of diet-matched male-female pairings in copulatory behavior tests (i.e., KD 

males were only paired with KD females, and SD males with SD females). As such, it is not 

possible to dissociate the impact of a KD on the stimulus quality of the female from the diet’s 

impact more directly on male sexual behavior. The decision to use only diet-matched pairings 

was dictated by initial pilot data findings, wherein KD males (due to their smaller size) struggled 

to gain intromittive access to larger SD females. Furthermore, we also observed that KD animals 
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of both sexes would spend substantial time engaging in coprophagia (specifically, consuming the 

feces of the partner) when paired with a SD partner. This was not observed in diet-matched pairs. 

Together, these issues precluded the use of dissimilar diet pairings, as they both substantially 

interfered with the ability of KD animals to perform copulatory responses.  

5. Conclusions 

Our findings address a significant gap in understanding how very high fat, low carbohydrate 

ketogenic diets can impact aspects of male sexual functioning. The alterations to the copulatory 

sequence across repeated sexual experience in KD males observed here suggest that a KD has 

the potential to alter experience-dependent changes in processing of copulatory stimuli. Further, 

our results provide the first indication that KDs may impact sexual functioning in a non-clinical 

population, an important consideration given the increased popularity of KDs in both clinical and 

non-clinical settings. 
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