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SUMMARY:
This article describes how to perform sexual behavior tests in male mice.

ABSTRACT:

Sexual behavior is highly species-specific. Although rodents have slightly different sexual
behaviors, mice and rats have a similar sexual behavioral pattern. The purpose of this article is to
describe the hormone-induced estrus ovariectomized female model and the experimental
procedure for the assessment of sexual behavior of male mice. The most important sexual
behavioral elements are demonstrated in the video and illustrations. The critical steps,
advantages, and limitations of the sexual behavior test are explained as well. Finally, the behavior
parameters are presented, and mounting, intromission, and ejaculation processes in mating are
distinguished. Behavioral parameters are assessed in terms of the occurred duration and counts
during the test period.

INTRODUCTION:

Sexual behavior in mature male mice results from the interaction of a series of related and
interdependent hormonal systems and neural systems in different brain circuits®. It also requires
developmental experiences, learning, context, and an appropriate partner. Behavioral analysis is
an important reflection on neural or neurocrine function. Hence, sexual behavior study on animal
models has been widely used in behavioral neuroscience and other related research?. The
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ethogram of sexual behaviors in rodents has been explained in many articles and books3*. For
instance, Scahs and Barfield’s description of sexual behavior in the rat> has helped understand a
similar behavioral pattern in mice>. The mouse is one of the most commonly used subjects for
behavioral studies. Hull et al.® gave a detailed introduction of male mouse sexual behaviors:
When a male mouse encounters a female, it starts to investigate the anogenital region of the
female. Then, the male presses his front paws against the female’s flanks to mount the female
from the rear. The female exhibits a characteristic sexually receptive posture, bending its spine
down into a bow and moving its tail to one side of the body, exposing an opening introitus for
the sexual penetration of the male (i.e., lordosis). Following the mounting, the male makes rapid,
shallow pelvic thrusts, followed by slow and deep vaginal thrusts. After numerous intromissions,
a long-lasting thrust results in the ejaculation of semen, during which the male mouse may freeze
for about 25 s before dismounting or falling off from the female®. At ejaculation the male mouse
accessory glands may produce a mixture containing semen that hardens to form the copulatory
plug. Finally, following ejaculation, the male begins genital grooming and displays a lack of
interest in the female. In brief, the basic sequence of male sexual behavior consists of sniffing,
following, mounting, intromission, ejaculation, and post-ejaculation grooming. Mouse sexual
behavior exhibits strain differences. For instance, ejaculation latencies range from 594 to 6943 s,
and the numbers of intromissions range from 5 to more than 100. Post-ejaculation latencies
range from 17 to 60 min. However, the introduction of a novel female can decrease this time
interval. In some cases, the male ejaculates on the first intromission with the new female’.

The major events for the evaluation of sexual behavior are mounting, intromission, and
ejaculation. Behavioral scientists have recommended the measurement of not only the
frequency of each action, but also its latency and time interval®>®. Some major measurement
indicators in past studies include: number of mounts, number of intromissions, mount latency,
intromission latency, ejaculation latency, post-ejaculatory mount latency (or post-ejaculatory
intervals), post-ejaculatory intromission latency, number of copulatory series, and duration of
copulatory series. Park et al.2 and Sachs et al.> described how to identify each action of mounting,
intromission, and ejaculation of rodents. Mounting is defined as the male mounting the female
from the rear, palpating her flanks with his forelegs, and thrusting his penis rapidly and
repeatedly without penile insertion. Intromission, also known as penile insertion, is identified by
one or more of the following acts: a long, deep thrust after rapid shallow thrusts, a rapid kick
with one hindleg, and a marked lateral withdrawal of the male from the female. Ejaculation is
identified by a terminal pelvic thrust that is slower and deeper than that of an intromission and
a reduction in the elevation of the hindleg. A copulatory series is identified by each sequence
from mounting to ejaculation. The definitions of behavioral parameters used in the present study
are listed as follows: 1) Mounting latency: the time from the introduction of the female to the
first mounting of the male; 2) Intromission latency: the time from the introduction of the female
to first intromission; 3) Ejaculation latency: the time from the first intromission to first ejaculation
(generally following the last pelvic thrust); 4) Post-ejaculatory mount latency: the time from
ejaculation to the next mounting; 5) Post-ejaculatory intromission latency: the time from
ejaculation and the next intromission; 6) Number of mounts: the number of mounting times
before first ejaculation; 7) Number of intromissions: the number of intromissions before the first
ejaculation; 8) Number of copulatory series: the number of copulatory series during the
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observation period; 9) Duration of copulatory series: the time of all copulatory series during the
observation period.

Sexual behavior and related behavior can be conducted in either the male’s home cage or in an
enclosed arena, among which an apparatus called Rissman’s “No Secrets” mirrored box is
introduced to observe the mating behavior3. A video camera is placed in front of the box to
simultaneously record the action of the mice from a lateral view and through an inclined mirror
from a ventral view. However, this method requires bright lights, which inevitably leads to longer
habituation in order to eliminate environmental stress in mice. As for the measuring method,
video-based behavioral analysis is recommended to record and quantify behavior?. A video
recorder that has a frame-by-frame video advance option with recommended shutter speeds
greater than 1/1000 s can be used to record rapid mouse movements. The high resolution
infrared camera is necessary when recording in a dark environment. To analyze the film, a
computer with a frame grabber to allow the individual frames of behavior to be captured for
computer manipulation is needed. Mice are extremely versatile and can display compensatory
behavior after almost any treatment. Ambiguity can exist about every moving body part®. Hence,
the analysis of some behaviors may require still greater resolution and higher speed cameras.

Male sexual behaviors in mice are affected by many factors, including strain differences,
hormone changes, and gene mutantions®®>1° McGill and Blight!! illustrated the strain
differences in mouse mating behaviors. For example, C57BL/6 males typically gain intromission
quickly and ejaculate in about 20 min't. DBA/2 males are slow to gain intromission but ejaculate
rapidly. BALB/c males are slow to achieve ejaculation (average latency of 1 h) due to a long period
of courtship!!. Testosterone facilitates and maintains male sexual behavior?, and changes in
testosterone levels can alter sexual behavior performance!?. Both surgical castration and
antiandrogen treatment can reduce the level of testosterone and result in a rapid decline of
sexual behaviors and even sexual motivation and sexual arousal'3. Administered testosterone
can restore precopulatory and copulatory behaviors in castrated mice. Lastly, knockout and
knockdown mice display differences in facets of sexual behaviors compared to wild type mice.
For example, male mice with targeted mutations of Adcy3, Cnga2, and Gnao exhibit a reduced
ability to detect pheromones, whereas Trpc2 knockout mice show altered partner preference!*
16 Other effects of transgenics and knockouts on the sexual behavior of mice are explained by
Crawley3.

Here, one of the most common procedures to assess sexual behavior in the pairing of a male
mouse with an ovariectomized female that has been hormonally primed to be receptive is
described. An experimental protocol is presented for conducting sexual behavior experiments in
mice. In addition, an example of changing sexual behavior patterns resulting from social isolation
in CD-1 mice is shown.

PROTOCOL:

All experiments were performed in compliance with the guidelines of the Principles of Laboratory
Animal Care (NIH Publication No. 80-23, revised 1996) and under the approval and supervision



133  of the Academy of Experimental Animal Centre of the Institute of Medicinal Plant Development

134  (China).

135

136 1. Animal husbandry
137

138  1.1. House female and male mice at 25 °C for 12 h light/12 h dark cycles.

139

140  1.2. Provide free access to water and a standard pelleted diet.

141

142  1.3. Allow mice to acclimate to their environment for 7 days prior to the operation if transported
143  from a different facility.

144

145 2. Ovariectomy in female mice

146

147  2.1. Anesthetize the female (8 weeks postnatal, not less than 6-weeks-old) with isoflurane (~4-5%
148  for induction, ~1-2% for maintenance) in 100% oxygen via a face cone mask.

149

150  2.2. Check that the appropriate depth of aesthesia has been achieved by making sure that there
151  are no voluntary movements for over 30 s, in combination with an appropriate respiratory rate
152  (e.g., 1 breath per 2 s or longer). Alternatively, test the mouse’s response to gentle pressure on
153  the toes of the hind paws.

154

155 NOTE: The normal respiratory rate is ~180/min. A rate drop of 50% is acceptable during
156  anesthesia’.

157

158 2.2.1. Use ophthalmic ointment to prevent corneal drying and eye trauma while under
159  anesthesia.

160

161  2.2.2. Keep the body temperature of the mouse at or above 36 °C. Provide supplemental heat
162  support during the period of anesthesia when necessary.

163

164  2.3. Sterilize and disinfect all surgical instruments and hard surfaces of the operating table with
165  75% ethanol prior to use.

166

167  2.4. Place animal on a sterile drape.

168

169  2.5. Shave fur bilaterally over the lumbar spine on the back of the mouse to expose the skin.
170

171  2.6. Sterilize the exposed skin with 75% ethanol.

172

173  2.7. Make a single midline incision (about 0.5 cm in length) on the back from the center of the
174  two thigh roots toward the head of ~1 cm distance (position is shown in Figure 1).

175

176  2.8. Use small scissors to penetrate the skin to gently free subcutaneous tissue from the
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underlying muscle in order to expose the muscle layer.

2.9. Locate the ovary under the thin muscle layer and make a small incision (about 5 mm in length)
to gain entry to the peritoneal cavity.

1.1. Use small tweezers to pull the tissue slightly on the left side of the abdominal cavity to show
the left-hand ovary wrapping around the white adipose tissue (a translucent, irregular mass as
seen by the naked eye, see Figure 1).

2.10. Retract the ovarian fat pad surrounding the ovary with blunt forceps to expose the oviduct.
2.11. Perform a single ligature around the oviduct to prevent bleeding.

2.12. Use small scissors to sever the oviduct gently and remove the ovary.

2.13. Check the oviduct carefully to confirm that all ovarian tissues are removed. The ovary is
about 5 mm x 4 mm x 3 mm with irregular nodules on the surface.

2.14. Place the remaining part of the oviduct back into the abdominal cavity.
2.15. Suture the muscle layer with absorbable sutures.

2.16. Pull the skin to the right side to expose the muscle layer on the right-hand side and remove
the right ovary by repeating steps 2.9-2.16.

2.17. Close the skin incision by using absorbable sutures.

2.17.1. Inject each mouse intraperitoneally with penicillin sodium (10,000 units/10 g per mouse)
to prevent infection.

2.17.2. Inject lidocaine (4 mg/kg, 0.4 mL/kg of a 1% solution) beneath the skin along the site of
the incision. Also provide ibuprofen (50—-60 mg/kg/day; 10 mL of Children’s Motrin in 500 mL of
water) continuously in the drinking water for 3 days for pain treatment.

2.18. Place each mouse into a sterilized cage individually.

2.19. Keep under close observation for approximately 1-2 h until fully recovered from anesthesia.
2.19.1. Recover animals on paper towels in a clean cage without bedding. This step minimizes
the risk of tracheal obstruction or pneumonia. Provide supplemental heat support during

anesthetic recovery. Monitor the surgical site to prevent the rupture of the wound.

2.20. Following the recovery period (approximately 24 h after surgery), place mice back to their
home cage.
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2.21. Do not perform the experiment for at least 2 weeks after surgery.

3. Hormone-induced estrus in females

3.1. Determine the estrous stage of the females by performing a vaginal smear as described in
McLean et al.’®. No estrus cycle change indicates that the ovariectomy of the female was

successful.

3.2. Inject estradiol benzoate (20 pug per mouse, dissolved in 0.1 mL of sterilized olive oil,
intraperitoneally) 48 h prior to the sexual behavior test.

3.3. Inject progesterone (500 ug per mouse, dissolved in 0.1 mL of oil, intraperitoneally) 4 h prior
to the sexual behavior test.

NOTE: The eligibility of an estrus female is determined by the female accepting genital insertion
of a male mouse 3 or more times, when they cohabit with a sexually active and experienced male
in one cage.

4. Preparation for the sexual behavior test

4.1. Conduct the sexual behavior test of male mice in a rectangular and open field box (40 cm x
40 cm x 40 cm) with black Plexiglass walls, except for a transparent front wall that allows for the
observation of mouse movement.

4.2. Set the general room lighting to 650 lux.

NOTE: The mice should not be illuminated directly to avoid abnormal behavior patterns.

4.3. Use a digital camera linked to a computer to videotape the movement and behavior of the
mice.

4.4. Perform the behavioral test on the male mice during the first hours of the dark cycle.
5. Habituation
5.1. Keep the experiment room quiet.

5.2. Place the mice to be tested in the center of the open field box, allowing them to explore the
environment freely for 30 min.

5.3. Habituate mice for 2 consecutive days prior to the testing day in the apparatus to prevent
stress from the new environment.
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NOTE: Mice should move and explore freely without feeling stress. Both male and female mice
need to be habituated to the testing environment.

6. Behavioral assays
6.1. Turn on the camera prior to the beginning of the test.

6.2. Place the mouse to be tested in the center of the open field in the test box, allowing free
exploration for 5 min to acclimate to the environment.

6.3. Place a female in estrus into the test box.

6.4. Record the social and mating behaviors and the interactions between the male and female
mice for 30 min.

6.5. Turn off the camera and confirm that the video is saved.
6.6. Take the female out of the test box and record the formation of a vaginal plug.

NOTE: A female mouse that accepted mating cannot be employed in another sexual behavior
test in one day.

6.7. Place the female back to its home cage.

6.8. Return the male to its home cage.

6.9. Clean the urine, feces, and padding within the apparatus.

6.10. Remove the smell of the tested mice with 75% ethanol.

6.11. Start the test of the next male mouse by repeating steps 6.1-6.10.

7. Behavioral data extraction

7.1. Play back the video recording and extract the behavioral parameters (see Figure 2).
7.1.1. Record the number of mounts in 30 min.

7.1.2. Record the number of intromissions in 30 min. Count a pelvic thrust as an intromission.

7.1.3. Record the time from the introduction of the female to the first mounting as mounting
latency.

7.1.4. Record the time from the introduction of the female to the first intromission as
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intromission latency.
7.1.5. Record the time from first intromission to the first ejaculation as ejaculation latency.
7.1.6. Record the time from ejaculation to the next mounting as post-ejaculatory mount latency.

7.1.7. Record number of copulatory series in 30 min. A copulatory series is each sequence from
mounting to ejaculation.

7.1.8. Record the time of all copulatory series in 30 min as the duration of the copulatory series.

REPRESENTATIVE RESULTS:

A comparison of sexual behavior between CD-1 mice reared in isolation and group-housed CD-1
mice is shown. Male CD-1 mice were randomly assigned into an isolation-reared group (IS, one
mouse per cage, n = 30) and a group-housed group (GH, five mice per cage, n = 15). The mice
underwent isolation rearing from postnatal day 23 to day 93. Then, both groups of mice were
assessed for sexual behavior. Our study found that the success rate of copulation tended to be
lower in the IS group than in the GH group (IS: 80.0%, GH: 86.7%), although no statistically
significant difference between groups was observed (p = 0.458). Mounting latency was longer in
the IS group than in the GH group (p = 0.002, Figure 3A), indicating that the former required more
time to initiate sexual behavior. Intromission latency was longer in the IS group than in the GH
group (p = 0.015, Figure 3B), indicating that the former required a longer time to perform the
insertion of the penis into the female’s vagina. No statistically significant difference between the
two groups was observed in terms of ejaculation latency and post-ejaculatory mount latency.
Duration of the copulatory series was shorter in the IS group than in the GH group (p = 0.002,
Figure 3C). No statistically significant differences between the two groups were observed in
terms of the number of mounts, number of intromissions, and number of copulatory series'® (see
Table 1).

FIGURE AND TABLE LEGENDS:
Table 1: Sexual behavioral parameters of isolation-reared and group-housed mice.

Figure 1: Ovariectomy of female mice. The position of vertical incision and the right-hand ovary
are shown.

Figure 2: Process of sexual behavior of mice. The red arrow indicates the female and the yellow
arrow indicates the male. (A) The male’s sniffing of anal-genital areas at the beginning of sexual
behavior. (B) The male mounting the female. (C) The intromission posture of the male. (D) The
ejaculation of the male. (E) The male grooming the genital areas after ejaculation.

Figure 3: Results of sexual behavior test. (A) Box plot of the mounting latency of IS and GH mice.
(B) Box plot of the intromission latency of IS and GH mice. (C) The total mating duration of IS and
GH mice. *p < 0.05, **p < 0.01. This figure has been modified from Liu et al.*.
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DISCUSSION:

There are a few critical steps in the presented protocol. Regarding the ovariectomy of females,
the surgery incision opening from the back is less detrimental than that from the abdomen. Given
that the position of the ovary is deep, pulling other organs when the incision is cut open from the
abdomen often leads to bleeding and results in unclear surgical vision?®. We performed the
incision on the back to reach the ovary easily and shorten the surgical time, as well as to ensure
the safety of the surgery.

The maintenance of sterile conditions during surgery is important for survival. Four main
variables are considered during a surgical procedure: the surgical space, the instruments, the
surgeon, and the animal. For the surgical space, including workspaces and surgical rooms, all
necessary surfaces are cleaned and disinfected with appropriate disinfectants (e.g., diluted
bleach, hydrogen peroxide products) prior to the surgery. Additionally, pressurized steam with
an autoclave is recommended. During a surgical procedure, traffic flow is limited in the surgical
room. In a surgical procedure, newly sterilized instruments and materials should be used for
every animal. When instruments fall outside the sterile field or become contaminated, they
should be immediately replaced. Meanwhile, after washing/scrubbing hands and arms
thoroughly, surgeons need to don all sterile attire, including a sterile gown and sterile surgical
gloves. If any material is contaminated, the affected article needs to be changed immediately
prior to surgery (e.g., new gown or surgical glove). Finally, hair from the surgical site and
surrounding area should be removed for the prevention of contamination. The skin must be
scrubbed with 75% ethanol after hair removal. Electric clippers or depilatory cream can be used
to remove the hair. Prior to surgery, a sterile drape is placed over the animal allowing access to
the surgical site for the prevention of contamination.

Three aspects of the post-surgical treatment of the animals require attention: anesthetic
recovery, analgesia and surgical site monitoring, and suture removal. Upon the completion of the
surgical procedure, animals must be monitored during recovery from the anesthesia. The animal
should not be left unattended until it has regained sufficient consciousness to maintain sternal
recumbency and should not be returned to the company of other animals until it has fully
recovered. In addition, appropriate recovery conditions must be provided, including a warm
environment free from objects that could cause harm. For example, paper towels instead of corn
cob bedding are used in the recovery of the mice and large toys or water bowls are removed from
large animal pens. According to the guidelines of the University of Minnesota, the ovariectomy
of female causes moderate to severe pain. Thus, analgesia must be administered directly post-
operatively by parenteral injection or oral gavage?®. In this study, a lidocaine injection beneath
the skin was performed after surgery and water containing ibuprofen was administered for at
least 1-2 days for pain treatment. However, a veterinarian must be consulted in the development
of the analgesic plan. Finally, the animal’s post-surgical health and the surgical site must be
observed and recorded for a minimum of 3 days. An operating line or wound clips are used for
suturing the incision, which should be removed from the skin 7-14 days after surgery?!. In this
study, an absorbable line to suture the incision to avoid suture removal was used.

The estrus of the female was artificially controlled with ovariectomy and hormone usage, instead



397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

of using a female with natural estrus. This step was taken to ensure the consistency of the sexual
receptivity of the female in the test and guarantee the reliability of measurements when
monitoring male mating behavior. Furthermore, the hormone-induced estrus female can be
reused in a set of experiments, and the influence of pregnancy is prevented. Estrus in the female
is induced by injecting estradiol benzoate and progesterone before the experiment. This method
is easy to manage, has a high success rate, and multiple estrus females can be obtained at the
same time, thus greatly improving the efficiency of the test.

Sexually naive and experienced mice show different behavior patterns. Attention needs to be
paid to the test-retest reliability of the experiment in various stages of mice development. The
dynamic change in sexual behavior needs to be considered before conducting the test and in the
experimental design stage. In this study, sexually naive males were used for the sexual behavior
test and only the first occurrence of sexual behavior was measured without any training prior to
the test. Copulation is the final outcome of a series of pheromone detection, mounting,
intromission, and ejaculation. There is a limitation to the present experimental protocol when
applied to mutant mice. For example, male mice with targeted mutations of Adcy3, Cnga2, and
Gnao exhibit reduced ability to detect pheromones!*', whereas the Trpc2 knockout mice show
altered partner preference??. The present protocol may not be able to exhibit the sexual behavior
of mutant mice because of its reduced ability to detect pheromones.
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Isolation-reared Group-housed t/t' p

N 30 15

Mounting latency * 788.70 £ 262.77 365.03 £288.65 -3.87 0.002
Intromission latency 937.30 + 369.87 542.94 + 352.40 -2.75 0.015
Ejaculation latency 16.58 +9.78 17.37 £ 13.03 -0.2 0.845
Post-ejaculatory mount latency 173.00 + 89.84 192.87 £ 106.91 0.58 0.565
Duration of copulatory series  88.27 £ 52.40 151.65 + 40.87 3.44 0.002
Number of mounts ° 2.4+2.0 3.313.3 1.09 0.282
Number of intromissions 20.1+£12.9 22.6112.3 0.58 0.564
Number of copulatory series  7.0+4.3 9.3+4.6 1.55 0.131

Mean * SD; ? unit is second (s). ® unit is counts.
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RWD Life Science Co., Ltd 217180501
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Vital River Beijing SCXK (ZE) 2013-0023
North China
Pharmaceutical co.,Ltd F5126420
J&K Scientific Ltd. LR50Q07
Sony Corporation HDR-CX290E
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Assessment of Mating Behavior of Male Mice

Author(s):

Zi-Wei Liu, Ning Jiang, Xue Tao, Xiao-Ping Wang, Xin-Min Liu*, Shui-Yuan Xiao*

Iltem 1. The Author elects to have the Materials be made available (as described at

http://wyw.jove.com/publish) via:

Standard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1: Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2 Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JOVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JOVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

S. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JOVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

743 Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoOVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11, JoVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JOVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JOVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a USS$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JOVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name: - .

Xin-Min Liu
Department:

Research Center for Pharmacology & Toxicology.

Institution:

Chinese Academy of Medical Sciences and Peking Union Medical College

Title: Professor

Signature:

7
,Z‘W )(,',,, M‘A

Date: 02", 7‘ ¢' 1,/?

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Assessment of Mating Behavior of Male Mice

Author(s):

Zi-Wei Liu, Ning Jiang, Xue Tao, Xiao-Ping Wang, Xin-Min Liu*, Shui-Yuan Xiao*

Item 1: The Author elects to have the Materials be made available (as described at

hnpng.jove.com/publish) via:

Standard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

p % Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JOVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

Z Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JOVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JOVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JOVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JOVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.
S: Grant of Rights in Video - Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.
6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JOVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JOVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.
y Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JOVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JOVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JOVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JOVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JOVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JOVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoOVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JOVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
SRS Shui-Yuan Xiao

Depamment: Social Medicine and Health Management

Institution: Xiangya School of Public Health, Central South University
Title: Professor
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Response to the editorial and peer reviewer comments

Editorial comments:
Note that some changes have been made to better fit JoVE format and correct some
grammatical and usage errors.

1. Formatted per JoVe guidelines (e.g., spaces between every step/substep) the
highlighted portion of the protocol exceeds 2.75 pages. Please reduce the length of
the highlighted portion.

Aw: As per suggestion, the length of the highlighted portion has been reduced
accordingly.

2. 2.1: 5% isoflurane is likely too high a concentration for anesthesia; please check.
Aw: Isoflurane 4~5% has been used for induction whereas 1~2% for maintenance of
anesthesia. We added this information in line 203.

3. 3.1: If this is to be filmed, please at least describe what ‘no estrus cycle change’
looks like.

Aw: | removed the highlight mark. | think it is hard to film. No estrus cycle change is
decided by vaginal smear test 1, which has been published in JoVE journal. Provide
with a reference.

! McLean, A. C., Valenzuela, N, Fai, S. & Bennett, S. A. Performing vaginal lavage,
crystal violet staining, and vaginal cytological evaluation for mouse estrous cycle
staging identification. J Vis Exp. 10.3791/4389 (67), e4389, (2012).

4.6.4/7: If the behaviors seen and their timing are to be shown in the video, they
should be highlighted and/or discussed more in the protocol. Note that, for section 7,
all steps/substeps should be no more than 4 sentences and should have at least one
instruction (i.e., in the imperative).

Aw: | removed the highlights of 6.4, 6.6, and 6.7. For section 7, the description has
been revised.

5. Please remove the embedded tables and upload as separate .xls/.xIsx files, 1 per
table (i.e., 2 in total).

Aw: Thank you for the reminder and the file have been uploaded as per suggested
format.

6. Figure 1: The surgery is still shown without the use of sterile drapes; perhaps you
could zoom in on the incision site and not show the table at all?

Aw: Thank you for the kind reminder. | have revised the figure 1. But | hope to be
able to take a new picture for display in the formal article when we make video
product.


https://www.editorialmanager.com/jove/download.aspx?id=1094134&guid=1c09c47c-57c1-4fab-9e21-f1602cfb164a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1094134&guid=1c09c47c-57c1-4fab-9e21-f1602cfb164a&scheme=1

7. Table 1/Figure 3/Results: The p-value shown for intromission latency in the text
and table (0.015) still contradicts the value indicated in the Figure (<0.01).
Aw: The error has been corrected.

8. Table 2: Could you discuss the lack of normality a bit in the Results?

Aw: Previously, | treated the number of mounts, intromission, mating (now it is
copulatory series) as discrete data, because the occurrence is small. Hence, median
and inter-quartile ranges were used to describe the data. Non-parametric test was
used to test the hypothesis. This time, | consulted a statistician and he told me that
these indexes can be treated as continuous variables in our case. Therefore, | tested
the distribution and homogeneity of variance of data. The results show as follows:
the distribution is normal and the variances are equal. Student-t test is used to
compare the differences of three index between isolation and control mice. No
statistically significant differences are found between the two groups in terms of
number of mounts, intromission, and copulatory series. The results has been revised
in the revised manuscript.

One-Sample Kolmogorov-Smirnov Test

number of
number of copulatory number of

5] mounts series infromissions
control M 13 13 13
Mormal Parameters®? Mean KR 9.3 22,62

Std. Deviation 3.301 4.644 12.298

Most Extreme Differences  Absolute 242 .252 185

Positive 227 144 185

MNegative -.242 -.252 -125

Kolmogorov-Smirnov Z 873 907 666

Asymp. Sig. (2-tailed) 430 .383 TET

isolation N 26 25 25
Mormal Parameters®? Mean 2.38 6.92 20.08

Std. Deviation 1.981 4396 12.929

Most Extreme Differences  Absolute 269 163 188

FPositive 268 63 188

MNegative -.242 -.097 -116

Kolmogorov-Smirnov Z 1.373 815 440

Asymp. Sig. (2-tailed) 046 520 340

a. Testdistribution is Normal.
h. Calculated from data.



Group Statistics

Std. Error
51 N Mean Std. Deviation Mean
number of mounts control 13 s 330 816
isolation 26 238 1.981 .389
number of infromissions control 13 2262 12.288 341
isolation 25 20.08 12.928 2.586
number of copulatory control 13 931 4644 1.288
series isolation 25 6.92 4.386 879
Independent Samples Test
Levene's Test for Equality of
Variances ttest for Equality of Means
85% Confidence Interval of the
Mean Std. Error Differance
F Sig. t df Sig. (2-tailed) Difference Difference Lower Upper
Equal variances
number of mounts e 1733 196 | 1.082 7 262 923 845 -789 2635
Equal variances not
assumed 928 16.456 367 923 895 -1.181 3027
Equal variances
number ofintiemissions - EauE e 076 785 | 583 3 564 2535 4350 -6.267 11358
Equal variances not
assumed 592 25538 559 2535 4.280 -6.271 11342
number of copulato Equal variances
e Cfcopuiztory P 050 824 | 1559 3 128 2388 1532 -8 5495
Equal variances not
assumed 1.531 23265 138 2388 1559 - 836 5612
Double-click to
SORT CASES BY zroup. activate
SPLIT FILE LAYERED BY eroup.
NPAR TESTS

FE-S(HORMAL) =F35 F38 FSB
AMISSING SNALYSIS.

Reviewers' comments:

Reviewer #2:

Manuscript Summary:

The revised manuscript " Assessment of Sexual Behavior of Male Mice" by Zi-Wei Liu
with co-authors sounds better now and present a fully described method which
would be helpful for researchers to replicate this behavioral set up to study sexual
behavior in laboratory mice.

Major Concerns:
none

Minor Concerns:
none

Reviewer #3:

Manuscript Summary:

The aim of this study is to present the standard procedure for measuring male sexual
behavior in laboratory setting. The manuscript includes the information on preparing
ovariectomized female stimuli for hormone-induced estrus ovariectomized female
model and assessing the mating behavior of male mice.

Major Concerns:

1. In this revision, authors claimed that they used isofluorane anesthesia. However,
the mouse shown in Fig. 1 is same as one in original manuscript. | am not convinced
that they really used inhalation anesthesia in this study.

Aw: We had not taken a photograph record in the formal experiment. This picture
was taken in a practice experiment. The mouse in the figurel was anesthesia by



pentobarbital sodium (there is no buying channel now). We do have isoflurane and
the apparatus for anesthesia showed as following. | will take a more clear picture for
display in the formal article when we make formal video product

2. Authors should specify that the "isolation" is the post-weaning isolation starting at
PND 23.

Aw: | added the following information of “Male CD-1 mice were randomly assigned
into the isolation-reared group (IS, one mouse per cage, n = 30) and group-housed
group (GH, five mice per cage, n = 15). The mice underwent isolation rearing from
postnatal day 23 to day 93. Then, both groups of mice assessed for sexual behavior”
in line 422 to 425.

3. Is there any reason to employ i.p. injection for EB and P administration? Why not
s.c. injection?
Aw: Most of the past studies recommended using s.c injection in sexual behavior test
of the rat. Based on our experience, repeatedly s,c injection with oil often forms a
lump at the injection site. The position of s.c. injection is usually chosen posterior to
neck on the dorsal side of the female mouse where the male mouse used to put
head during copulation. A lump in the back mentioned location would change the
shape of body of female mice, which may affect the behavior of male mice. The lump
size has a bigger impact on mouse than rat due to the different body sizes. In order
to reduce the possible impact of experimental manipulation. | speculate that i.p.
inject produce a small lump and its position is on the abdomen of female which
results in little effect on the male’s behavior. Hence | employed i.p. injection instead
of s.c. injection. However, the drug absorption is quicker in i.p, injection than that of
s.c. injection. The difference between i.p, and s.c. injection on sexual behavior is still
needed to be explored in the further study.

Besides, before the test of sexual behavior, we examine the receptivity of



female mouse by whether female mouse accepts genital insertion of a male mouse
three and more times.

4. In this revised manuscript, authors defined "Number of mounting" as the number
of mounting times before the first ejaculation with and without intromission,
"Number of intromissions" as the total number of intromissions before the first
ejaculation, "Total number of mounting" as the total number of mounting during the
observation period, and "Total number of mating" as the total number of mating
(including mounting, intromission, ejaculation, and refractory period) during the
observation period. If so, how is it possible that the median for "Number of
intromission" become higher than the median for "Number of mounting", "Total
number of mounting", or "Total number of mating".

| would also like to know 1) the means for these data, 2) how many mice in each
group showed each behavior, and 3) how many mice in each group ejaculated.

Aw: | update more concise definitions of mounting, intromission, and copulatory
behavior in the revised manuscript. Mouse would keep a mounting posture during
the whole sex process until ejaculation completion. However, there may be one to
more than 100 intromissions before ejaculation !, which indicated male mice would
make repeated attempts of intromission meanwhile keeping the mounting posture.
Hence, the number of intromission could be higher than the number of mounts.

L The staff of the Jackson laboratory. Biology of the Laboratory Mouse, Second
Edition, Chapter 11. Dover publications, inc., New York, (2007).

Besides, | added the means of each behavior, the sample size in Table 1 in the
revised manuscript. As for the last question, there 24 of 30 mice ejaculated in the
social isolation group determined by the behavioral performance and examined the
residual semen or a copulatory plug at the vaginal open of female mice. In the
control group, 13 of 15 mice ejaculated.

Minor Concerns:

1. Six weeks old seems to be too young for ovariectomy. Did they properly react to
the EB & P treatment?

Aw: According to the book of Biology of the Laboratory Mouse, Parkes ( 1925) stated
that his albino mice were usually mature by 7 weeks of age, whereas Engle and
Rosasco ( 1927) reported a median age of 35 days and a range of 28 to 49 days also
in an albino strain 1. Six weeks old mice seems to be sexual mature. In our study, we
ovariectomized the female at postanal 6 weeks, and healing period extended for
about three weeks. When female mouse employed in the test, they were gain sexual
maturity. They showed a good sexual receptivity in the tests.

L The staff of the Jackson laboratory. Biology of the Laboratory Mouse, Second
Edition, Chapter 11. Dover publications, inc., New York, (2007).


http://www.informatics.jax.org/greenbook/chapters/chapter11.shtml#ref11-97
http://www.informatics.jax.org/greenbook/chapters/chapter11.shtml#ref11-54

Reviewer #5:
Manuscript Summary:
Acceptable for publication, no suggestions.

Major Concerns:
None

Minor Concerns:

Authors described the methods in detail and very well. Nonetheless, there are a few
suggestions for improving their manuscript:

Line 189. Should read "observation of mouse movement"

Aw: Thank you for the reminder. Corrected it.

Line 208. Authors indicate that habituation occurs twice a day for 2 days. Does this
mean 4 times? How long in between each day?

Aw: Each mouse habituated for 30 mins every day and habituated for twice in total.
Habituation was conducted in two consecutive days preceding the testing day.

Line 216. Suggested wording: Place the testing mouse in the center of the open field
box, allowing...
Aw: The error has been corrected.

Line 219. Is female placed in the center of the open field box as well?
Aw: Yes.

Methods do not indicate clearly if new and naive females are used every time.

Aw: No. all female mice are sexually experienced. | specified that the eligibility of an
estrus female is determined by the female accepting genital insertion of a male
mouse 3 and more times in the NOTE of 3.3. | added the following description of
“Female mouse accepted mating can be not repeated employed in anther sexual
behavior test in one day.”in line 340 - 341.

Line 253. How long does the post-ejaculatory period last? Authors indicate a brief
time line of other sex behavior components and that seems helpful to give an idea to
inexperienced investigators.

Aw: | added following information of “Mouse sexual behavior exists strain
differences. For instance, ejaculation latencies ranged from 594 to 6943 seconds, and
the numbers of intromissions ranged from 5 to more than 100. Post-ejaculation
latencies ranged from 17 to 60 min. However, the introduction of a novel female can
decrease this time interval. In some cases, male ejaculating on the first intromission
with the new female.” In line 63 -67

Line 289: Suggested to change "time to initiate sex" to "time to initiate sexual



behavior"
Aw: The error has been corrected.

Line 322: Suggested modification from "is better" to "is less detrimental"
Aw: The error has been corrected.

Line 372. "Sex" can be changed for "sexual behavior"; "Sexual native" to "sexually
naive?
Aw: The error has been corrected.and thanks again.

Reviewer #6:
Manuscript Summary:
OK

Major Concerns:

1. The introduction does not mention that authors will analyze two population of
animals: reared in isolation and group housed. There is information about this
manipulation on sexual behavior that authors ignore.

Aw: Thank you for your kind reminder. | re-write the introduction to focus on the
measurement of sexual behavior in male mice. Besides, | hope to present an example
of sexual behavior. Meanwhile, social isolation can reduce sexual behavior in male
mice. Hence, | just want to use it as an example of sexual behavior test, based on our
research experience.

2. The reader is confused on whether the main goal of the manuscript is to describe
the methods followed to observe sexual behavior in this species or to understand
how isolation affects the expression of this behavior. The reader finds isolated reared
groups in Results tables for the first time in the manuscript.

Aw: | re-write the introduction to focus on the measurement of sexual behavior in
male mice. This time, | hope this revision makes the topic of the manuscript clearer.

3. The manuscript fails to mention the literature reviews on male sexual behavior
that consider several species and various strain of mice. For example, Meisel and
Sachs or Hull and Rodriguez Manzo.

Aw: | added this information and references in the introduction of the revised
manuscript.

4. Authors have to check carefully their interpretations. For example: "Sex is a
learning process" is too strong. In many species, like mouse, sex is an innate behavior
although modified by experience and other factors. Lordosis is a reflex.

Aw: Thank you for your kind reminder. | have revised this description.



Minor Concerns:

5. Why did authors decided to use rectangular (instead of cylindrical) arenas for their
observations?

Aw: In order to avoid the light refraction result from curved edge of cylindrical. Light
refraction would blur the image of video. Curved edge is not suitable for video
camera to record the action of mice. Rectangular arenas are more easy to observe
mouse behavior from a lateral view. Moreover, rectangular arenas provide more
stable phenotype and the rectangular edges are preferred to stay by normal mice. In
contrast, circular arenas are continuous and mice do not find any safe corner.

6. Why did they selected the 12h of the dark cycle while all authors choose the first
hours of the dark phase?

Aw: Female mice should not be bred before 50 days of age. They are continuously
"polyestrous,”" which means that they come into heat at fairly regular intervals (every
4-5 days) throughout the entire year until they are bred. The period during which the
female is receptive to the male and allows breeding is about 12 hours and usually
occurs at night.
https://www.animalhospitals-usa.com/small-pets/mice-and-rats/mice-rat-
reproduction.html

Aw: The first hours of the dark phase is right. | have revised the description in line
309.

7. Figure 2 does not show latencies. Please check citations in the text.
Aw: The error has been corrected.

8. The same group has published figure 3 earlier? Please explain.

Aw: Yes, this figure has been published in Frontiers in Behavioral Neuroscience. Here,
| just want to use it as an example to present what the data of sexual behavior look
like, which is acceptable by the JoVE journal as far as | know. In addition, | have
received the permission of copyright owner and the journal to reuse this result.


https://www.animalhospitals-usa.com/small-pets/mice-and-rats/mice-rat-reproduction.html
https://www.animalhospitals-usa.com/small-pets/mice-and-rats/mice-rat-reproduction.html
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Dear Dr Liu Ziwei,
Thank you for your email.

| would like to confirm that under the Frontiers Terms and Conditions, authors retain the copyright to
their work. All Frontiers articles are Open Access and distributed under the terms of the Creative
Commons Attribution License (CC-BY), which permits the re-use, distribution and reproduction of
material from published articles, provided the original authors and source are credited.

Please keep in mind that if anything in the paper, such as a figure, was already under copyright
restriction from any other third-party, then you would have to seek permission to reuse the item.

| hope | have addressed your question. Please let me know if you have any other questions or
concerns.
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Gean
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