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The use of laboratory animals has been fundamental for neuroscience 
research, and it has proven to be crucial in understanding how the brain 
functions (1,2). However, the translational success of basic neuroscience 
studies in clinical settings was lower than expected (3–5). One of 
the reasons is thought to be the use of only male animals in research 
settings. Neuroscience studies showed the greatest bias towards using 
male animals among the 10 biological fields investigated by Beery and 
Zucker (2010), in which male animals were used ~6 times more often 
than females (6).

It has been increasingly recognized that there is a qualitative difference 
in male and female behaviors. They adopt different strategies in learning, 
decision making, responding to threat and spatial navigation (for a detailed 
review please see reference 7). Therefore, the pitfalls of obtaining the 
behavioral data from male animals and leaving females out are now clear 
to the scientific community and grant holders. As a result, several funding 
agencies and scientific journals across Europe, Canada and the United 
States of America mandate the inclusion of both sexes in research designs 
rather than generalizing the results of male animals to both sexes (6–8).

The need to include female animals becomes more evident for studies 
aimed at investigating the neurobiological basis of psychiatric disorders, 
given the higher prevalence of psychiatric disorders, such as major 
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Introduction: Women are more likely to be misdiagnosed in many 
neuropsychiatric disorders than men. One of the possible underlying 
reasons for this disparity may be more frequent use of male mice than 
female mice in neuroscience studies. With the increasing realization of the 
shortcomings of this approach in understanding the neurobiological basis 
of these disorders, many funding agencies mandate the inclusion of both 
male and female subjects in study design. As the behaviors vary with the 
stage of the estrous cycle, the collection of vaginal smears to identify the 
estrous stage becomes a widely used procedure. Here we tested whether 
vaginal smear collection causes similar effects to that of stress by evaluating 
an increase in depression-like behavior and impairment in memory.

Method: Vaginal smear was collected from Swiss albino mice twice a 
day for 10 days. In order to test depression-like behavior tail suspension, 
sucrose preference and splash tests were conducted. Novel object 

recognition and novel object location tests were performed 1 hour 
and 24 hours after training to evaluate short-and long-term memory 
respectively.

Results: The female mice whose vaginal smears were collected 
demonstrated increased behavioral despair and anhedonia. Vaginal 
smear group showed deficits in both short-term and long-term memory 
when compared to the control group.

Conclusion: Our results indicate that the collection of vaginal smear 
not only increased depression-like behaviors in mice, but also impaired 
short-term and long-term memory, indicating that the procedure of 
vaginal smear collection was stressful. We recommend to consider other 
ways of estrous cycle staging  when studying behavior. 
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ABSTRACT

depressive disorder and anxiety disorders, among women (9,10). The 
stage of the estrous cycle during which the experiment was conducted 
should be taken into consideration in interpreting the research results 
in females, as the behavior of females shows variability depending on 
the different stages of the estrous cycle (11,12). An increasing number 
of studies exploring the behavioral effects of the estrous cycle were 
conducted in the last two decades. Research suggests that different 
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•	 Inclusion of both male and female subjects in study 

designs is necessary.

•	 Behaviors may vary with the stage of the estrous cycle in 
females.

•	 Vaginal smear is collected to determine the stage of the 
estrous cycle.

•	 Repeated vaginal smear collection increases depression-
like behavior and disturbs memory.

•	 Visual inspection of vagina is recommended for estrous 
cycle staging when possible.
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aspects of behavior, like unconditioned fear response, social preferences 
and learning strategy were affected during the estrous cycle (11–13).

To control the effects of the estrous cycle on behavior, researchers 
determine and follow the stages of the estrous cycle by observing 
the appearance of external genitalia, examining vaginal cytology, or 
conducting a biochemical analysis of the urine (14–19). Measuring the 
electrical impedance of vaginal epithelial cells to determine the stage of 
the estrous cycle is controversial (14). The observation of the external 
genitalia is the quickest and the cheapest method, it does not require 
use of any equipment, it is non-invasive, and it is best for identifying the 
proestrus or estrus stages. It also necessitates the training of the observer. 
In cases where identification of all stages of the estrous cycle is required, 
vaginal cytology is the recommended method (16).

A complete estrous cycle in mice usually takes 4–5 days (20) and 
documenting at least two consecutive cycles is recommended to 
detect whether the mice have a steady estrous cycle length (11,21,22). 
Depending on the requirements of the research design, researchers 
collect vaginal smears for different periods of time ranging between 
10–21 days (11,23–25). In this study, we showed that performing vaginal 
smears in mice twice a day for 10 days, corresponding to two consecutive 
estrous cycles, increased depression-like behaviors and caused deficits in 
both short-term and long-term memory performances. These findings 
indicate that obtaining vaginal smears can be stressful to animals, leading 
to changes in their behaviors, which should be taken into consideration 
when designing experiments.

METHODS

Subjects
Female Swiss albino mice weighing 30–35 grams (n=21) were used. 
Animals were maintained on a 12/12 hours (h) light/dark cycle at 22±3°C 
and fed ad libitum. All behavioral experiments were conducted during 
the light cycle. This research was approved by the Hacettepe University 
Animal Experimentations Local Ethics Board on 23/10/2019 with the 
approval number 2019/11–01. Vaginal smears were performed twice a 
day for 10 days (n=14) for the study group. The control group (n=7) was 
left undisturbed in their home cages.

Vaginal Smear Test
A blunt sphere pinhead was inserted ~1.7 mm into the vagina to collect 
the vaginal smear which was then spread onto a slide (26–28). In female 
mice, the estrous cycle consists of four respective stages; proestrus, estrus, 
metestrus, and diestrus (25), which usually last for 4–5 days. Documenting 
at least two consecutive cycles is recommended to detect whether the 
mice have a steady estrous cycle length (11,21). For this reason, we chose 
to perform vaginal smears for 10 days, the time window that corresponds 
to two consecutive cycles. We started behavioral experiments on day 
5 as our preliminary findings suggest that the depressogenic effects 
begin as early as the 5th day of collecting vaginal smears. We performed 
vaginal smears twice a day as it is a frequently used and well-established 
method (25). Microscopical differentiation of proestrus and estrus stages 
is challenging and can be mistaken for each other, therefore conducting 
vaginal smears once a day may be misleading (29).

Behavioral Experiments
Behavioral experiments started on the 5th day of vaginal smear collection 
and were performed 1 day apart. Behavioral experiments were conducted 
in an order of increasing stress (Figure 1).

Sucrose Preference Test
This is a test to evaluate the preference of mice for sucrose over water, 

which is considered a model of hedonic behavior in animals. A decrease 
in sucrose preference is used as a measure of anhedonia (30).

On the first day, mice were acclimated to consuming sucrose solution by 
placing two bottles each containing 1% sucrose solution on both sides of 
their cage overnight for 12 hours. We carried out the test on the 2nd and 
4th days, leaving a day off in between during which they had access to 
only tap water. This was done in order to prevent the mice from getting 
used to the continuous availability of sucrose, as this may have caused a 
reduction in the hedonic value of sucrose solution.

On the test days (2nd and 4th days), two identical bottles, one filled with tap 
water and the other filled with 1% sucrose solution, were placed on either 
side of the cages. In order to check preference for one side, the bottles 
containing the sucrose solution were placed on the right side of the cage 
in half of the animals and on the left side of the cage in the other half; 
the sides were switched on the second test day (4th day). All the bottles 
were weighed before and after the 12-hour test period and the difference 
between pre and post-test weights of each bottle was used as a measure 
of water or sucrose solution consumed over 12 hours. The preference 
index was calculated by the following formula: 100 × (sucrose solution 
consumed/total fluid consumed)

Locomotor Activity Test
Mice were individually placed in a square box (widthxheight: 22.5×30 cm) 
for 10 minutes. Their activity was tracked and analyzed by Ethovision XT-
8. The total distance traveled was calculated as a measure of locomotor 
activity.

Novel Object Recognition and Novel Object Location Tests
Novel Object Recognition and Novel Object Location Tests (NOR/NOL) 
were carried out in the same box used for the evaluation of locomotor 
activity. NOR is more selective to the evaluation of entorhinal functions 
whereas NOL is more selective to hippocampal functions (31). Two 
identical objects were placed 6 cm away from two opposite corners of 
the box and mice were allowed to explore the objects for 10 minutes 
(training). NOR-1 h was carried out by replacing one of the objects with 
a novel object, which had a distinctly different shape and was made 
of a different material 1-hour (1-h) after training. Then, the time spent 
exploring familiar and novel objects for 5 minutes was tracked and 
analyzed by Ethovision XT-8. The ratio of the time spent exploring the 
novel object/time spent exploring both objects was used as a measure 
of short-term memory. Twenty-four hours after the training, NOR-24 
h was performed by replacing the novel object from NOR-1 h with a 
novel object that is different in shape and material from the previous 
two objects used. Mice were allowed to explore the objects for 5 minutes 
and the ratio of the time spent exploring the novel object/time spent 
exploring both objects was used as a measure of long-term memory. 
NOL-1 h was carried out similarly to NOR-1 h, but instead of replacing 
the object, its location was changed and moved to the opposite corner 

Figure 1. Schematic diagram of experimental design.
h: hour
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of the box. The ratio of the time spent exploring the relocated object/
time spent exploring both objects was used as a measure of hippocampal 
short-term memory.

Splash Test
Self-grooming behavior in mice induced by spraying 10% sucrose solution 
on their back is used as an index of motivational and self-care behavior 
(32). Time spent grooming to clean their fur from sucrose solution in 
5-minutes is manually scored for each animal.

Tail Suspension Test
Mice were individually suspended from their tails with the help of an 
adhesive electrical tape, 80 cm above the floor. The mice were positioned 
and aligned with the horizontal plane from the base of their tail. Their 
movement was recorded for six minutes. The first two minutes of the 
recording was regarded as acclimation to the test and the data from the 
last four minutes of the recording was analyzed. Total immobilization time 
during the last four minutes was calculated. Longer time spent immobilized 
during the experiment is a measure of behavioral despair (33).

Statistical Analysis
We used SPSS version 23 software (SPSS, Inc., Chicago, IL) for all statistical 
analysis. Shapiro-Wilk test was performed to test if the data confirms the 
assumptions for normality. Student’s t-test was used to compare groups 
in terms of their mean sucrose preference index, mean novel object 
preference and relocated object preference indexes, mean total distance 
traveled in the locomotor activity test, mean total time spent grooming in 
the splash test and mean total time spent immobile in the tail suspension 
test.

RESULTS

Depression-Like Behavior
The total immobility time in the tail suspension test of the vaginal smear 
group was ~1.7 times higher than the control group (p=0.029) (Figure 
2a). The sucrose preference index of the vaginal smear group was 75% 
whereas it was 85% in the control group and there was a trend towards 
significance (p=0.132) (Figure 2b). Self-grooming duration was similar 
in both groups after the application of sucrose solution on their coats 
(p=0.839) (Figure 2c).

Locomotor Activity
There was no statistically significant difference in the total distance 
traveled during the locomotor activity test between groups (p=0.499) 
(Figure 3).

Figure 4. a–c. Short and long-term memory performances. Novel object recognition index (a) and novel object location index (b) 1-h after the training were lower in the vaginal 
smear group than the controls. Novel object recognition index  24-h after training was lower in the vaginal smear group than the control group (c). Black column indicates the 
control group (n=7), striated column indicates the vaginal smear group (n=14). (* p=0.025, •p≤0.069); h: hour

Figure 2. a–c. The results of tail suspension, sucrose preference and splash tests. The vaginal smear group spent more time immobile in tail suspension test (a). The sucrose 
preference index tended to be lower in the vaginal smear group than the control group (b). There was no difference in the duration of self-grooming in the splash test between 
groups (c). Black column indicates the control group (n=7), striated column indicates the vaginal smear group (n=14). (* p=0.029, •p=0.132). sec: second

Figure 3. Locomotor 
activity did not differ 
between groups. Black 
column indicates the 
control group (n=7), striated 
column indicates the vaginal 
smear group (n=14).
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Short and Long-Term Memory
Mice in the vaginal smear group spent 21% and 24% less time exploring 
the novel object or relocated object 1-h after the training, respectively 
(p=0.061; 0.069 respectively) (Figure 4a, 4b). These findings suggest that 
collecting vaginal smear decreases short term memory performance. The 
vaginal smear group spent 25% less time exploring the novel object 24-h 
after the training (p=0.025) (Figure 4c) indicating a decrease in long-term 
memory performance.

DISCUSSION
We showed that collecting vaginal smears twice a day for 10 days 
caused an increase in time spent immobile in the tail suspension test, 
and a decrease in the sucrose preference test, both of which indicate an 
increase in depression-like behavior. The anhedonia-like behavior was 
evident as early as the 5th day of the collection of vaginal smear. There 
was no difference between the two groups in terms of their locomotor 
activity. This finding indicates that the increased immobility observed 
in the tail suspension test was due to an increase in behavioral despair, 
not due to a decrease in locomotor activity levels. Both behavioral 
despair and anhedonia were found to be increased by the application of 
different stressors in the literature (26,34). These findings indicate that the 
procedure of collecting vaginal smears repeatedly causes stress in mice. 
We did not find any difference in self-grooming between groups, which 
is in line with our observation that self-grooming behavior in female mice 
were resistant to the effects of chronic moderate stress (unpublished 
data).

The deteriorating effects of chronic stress exposure on memory functions 
in animals have been well-documented (27,28). Our observation that 
repeated collection of vaginal smears caused impairments in both 
short-term and long-term memory further supported the suggestion 
that the procedure of collecting vaginal smears in mice was stressful. 
Formation of short and long-term memory engages distinctly different 
neural mechanisms. Specifically, biochemical alterations of proteins 
such as kinases, which then leads to increased number of vesicles in 
the readily releasable neurotransmitter pool or to increased insertion 
of AMPA receptors are required for short-term memory. Long-term 
memory, on the other hand, requires new protein synthesis and 
formation of new synaptic connection (35,36). Our results indicate 
that repeated vaginal smear collection for 10 days causes stress severe 
enough to interfere not only with short-term but also with the long-
term memory mechanisms.

To summarize, our findings showed that collecting vaginal smear, 
a procedure to determine the stage of the estrous cycle in rodents, 
had a significant impact on depression-like behavior and memory 
performance. We, therefore, recommend using visual inspection of the 
external genitalia to determine the stage of the estrous cycle whenever 
possible (16,17). Our observations indicate that even an inexperienced 
researcher can identify the stage of the estrous cycle with 80% accuracy 
by observing the appearance of the vagina.

We chose to study the behavioral effects of vaginal smear collection 
on the 5th and 10th day of the procedure which corresponds to two 
consecutive estrous cycles. Therefore, we couldn’t rule out the possibility 
of mice getting adapted to the procedure if we continued collecting the 
smears for more than 10 days. This issue needs to be addressed by future 
studies, the design of which necessitates the demonstration of vaginal 
cytology for longer periods of time. Another possible design may be to 
wait for some period after doing the vaginal smears, however, as there 
may be unpredictable changes in the estrus cycle, we instead recommend 
the documentation of vaginal features as a way of staging estrous cycle.
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