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which are both invasive methods that permanently impair the integrity of the target area.
These methods are accompanied by collateral effects that can affect the analysis of acute and
temporal regulatory mechanisms. The stereotaxic implantation of guide cannulas aimed at
specific brain regions, followed by a recovery period, allows researchers to microinject different
drugs after the disappearance of the undesired effects of the surgery. Tetrodotoxin has been
used to determine the roles of several brain areas in diverse physiological processes because it
transiently inhibits the sodium-dependent action potentials, thus blocking all neural activity in
the target region. This protocol combines this method with strategies for the assessment of the
estrous cycle and ovulation to reveal the role of discrete brain regions in the regulation of
ovulation at particular times of any given stage of the estrous cycle. Awake and unrestrained
rats (Rattus norvegicus) were used to avoid the blocking effects that anesthetics and stress
hormones exert on ovulation. This protocol can be easily adapted to other species, brain targets
and pharmacological agents to study different physiological processes. Future improvements to
this method include the design of a microinjection system using glass capillaries of small
diameter instead of guide cannulas. This will reduce the amount of tissue damaged during the
implantation and decrease the spread of the infused drugs outside the target area.

INTRODUCTION:

Ovulation is the process by which one or more mature oocytes are released from the ovaries
once every estral/menstrual cycle. As all mammalian species depend on the production of
gametes to breed, the understanding of the mechanisms that regulate ovulation has a huge
impact in areas ranging from biomedicine, the livestock industry and the maintenance of
endangered species. Ovulation is regulated by the hypothalamic-pituitary-ovarian axis, which
involves several hypothalamic and extra-hypothalamic areas, the gonadotropes in the anterior
pituitary and the theca and granulosa cells that, along with the oocytes, form the ovarian
follicles inside the ovaries®.

Ovarian follicles grow, develop and eventually ovulate in response to the tonic and phasic
secretion of the follicle-stimulating hormone and the luteinizing hormone, the two
gonadotropins secreted by the gonadotropes. The pattern of gonadotropin secretion is pivotal
for proper follicular development and ovulation and it is regulated by the gonadotropin-
releasing hormone (GnRH) *2. This neuropeptide is synthesized by neurons scattered
throughout the basal diencephalon and then secreted to the portal vasculature that links the
hypothalamus and the anterior pituitary. The secretory activity of the GnRH-neurons is in turn
modulated by synaptic input arising from diverse brain structures. These structures convey
information about the state of the external and internal environment of the organism including
the availability of food, the length of the photoperiod and the concentration of hormones in the
blood. In this sense, they shape the reproductive pattern of each species and the specific roles
of such structures must be determined in order to properly understand the mechanisms
governing ovulation. As an example, it has been shown that the fluctuation in estradiol levels
during the estrous cycle regulates the secretion of GnRH; however, GnRH-neurons does not
express the estradiol receptor isoform needed to detect such changes. Two populations of
neurons expressing these receptors are located in the rostral periventricular region of the third
ventricle and in the arcuate nucleus, respectively, and stablish synapses with GnRH-neurons.
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There is evidence to suggest that these neurons interpret the concentration of estradiol and
then stimulate the activity of GnRH-neurons by releasing kisspeptin, a potent inductor of GnRH
secretion3.

Experiments involving thermic or chemical lesions, as well as mechanical deafferentation,
allowed researchers to determine the involvement of several brain structures in the regulation
of ovulation*!2, These experiments, however, have the disadvantage of being invasive and
traumatic, requiring several days of recovery before evaluating the effects of the treatment,
impeding the analysis of the acute effects of the treatment. In addition, they permanently
affect the targeted areas and disrupt other physiological processes in the long term. Due to
these problems, the results of these experiments are usually obscured by the homeostatic
compensatory mechanisms in the animal’s body and extracting accurate information about the
temporal regulatory dynamics in which the area is involved is rather difficult.

The microinjection of drugs that transiently disrupt the activity of neurons through guide
cannulas is a suitable alternative that surpasses the disadvantages mentioned above. The
cannulas can be placed in any brain region by a stereotaxic surgery, allowing the researcher to
start the drug treatment after the confounding effects of the surgery disappear. The timed
microinjection of the drugs allows researchers to test hypotheses regarding the contribution of
the region to a particular step of the process and can be performed in awake restrained or free-
moving animals. A variety of drugs including local anesthetics, agonists, antagonists, inverse
agonists and biological toxins such as tetrodotoxin (TTX) can be microinjected into the region of
interest at specific times.

TTX is a biological toxin synthesized by bacteria living in the body of the pufferfish as well as
other vertebrates and invertebrates. TTX silences neural activity through the selective and
transient blockade of sodium channels, which results in the inhibition of sodium-dependent
action potentials. In the presence of TTX, cells experience an alteration in the depolarization
phase and thus are not excitable but remain alive. The blocking effect of TTX is explained by its
molecular composition: a guanidinium group is able to pass through the extracellular aspect of
the sodium channel, but the rest of the molecule cannot pass due to its size, so it is stuck and
blocks the channel*3>'”. The mechanism of action of the TTX allowed its use as a tool to study
the nervous system both in vitro and in vivo. Intracerebral injection of this toxin has been used
to study the role of discrete brain areas in several processes like memory retention??, sleep and
arousal?®, place recognition??, spatial navigation??, drug abuse??, thermoregulation?3,
development of schizophrenia?*, sexual behavior?®> and regulation of ovulation?® among others.
In this protocol we describe the effects on ovulation of the transient inactivation of
hypothalamic nuclei by TTX microinjection in awake and unrestrained rats.

PROTOCOL:

Procedures involving animals were approved by the Ethics Committee of Facultad de Estudios
Superiores Zaragoza, UNAM. This institution operates in strict accordance with the Mexican
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rules for animal handling, Official Norm: NOM-062-Z00-1999, which agrees with international
guidelines.

1. Construction of bilateral cannulas

1.1.  Extract the stainless-steel shaft from the hub of two 23 G hypodermic needles using
pressure tweezers and then remove any remaining glue using a scalpel blade.

1.2.  Draw aline 15 mm apart from the blunt end of the shafts with a fine permanent marker.
Use cutting tweezers to remove the beveled ends.

1.3. Hold the 15 mm segments with fine hemostats and press them perpendicularly with a
cut-off disc attached to a rotatory tool until 14 mm segments of tubing are obtained. This step
is done in order to eliminate the occluded portion of the shafts, creating open and blunt ends.
Finally, insert a 30 G needle through the segments to eliminate any internal obstruction.

1.4. Determine the distance between the structures of interest in the left and right
hemispheres of the brain with the aid of a brain atlas?’. Use moldering clay to attach the two 14
mm segments to a microscope slide and ensure that both are at the same horizontal level.
Observe through an ocular micrometer (10x) and adjust the segments with fine tweezers until
the desired distance is obtained.

1.5. Mix solder paste with 10% hydrochloric acid in a 2:1 proportion and add a drop of the
mixture 2 mm below the blunt end of the segments. Solder both segments with a single point
using a soldering iron and 0.5 mm-diameter solder wire. Ensure that the solder does not
obstruct the lumen of the segments.

1.6. Create a support to attach the cannula to the stereotaxic holder by cutting a 10 mm
segment of resilient 0.3 mm stainless steel wire. Use moldering clay to place 2 mm of the wire
in contact with the previous solder point and the rest laying above the blunt end of the
cannulas. Solder the wire to the cannulas.

1.7.  Clean the surface of the cannulas with 70% ethanol to remove the excess of the solder
paste. Flush the interior of the cannulas with sterile water to remove metallic particles. Repeat
this process until no particles can be detected under the microscope at a 10x magnification.

2. Construction of obturators and caps

2.1. To build the obturators cut two 16 mm segments of round stainless-steel soft wire (0.35
mm of diameter). Hold a bilateral cannula with hemostats, perpendicular to a lab bench, and
insert one of these segments into each cannula until they reach the bench. Bend the remnant
at a 90° angle.
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2.2.  For the caps cut two 2 mm segments of silicone tubing (inner diameter=0.76 mm) and
apply a drop of silicon glue at one of the ends of each segment. Do not let the glue to enter to
the tubing. Let dry for at least 24 hours.

3. Construction of microinjectors
3.1. Repeat step 1.1, using 30 G hypodermic needles instead to create the shafts.

3.2. Draw aline 18.5 mm apart from the blunt end of the shafts and remove the remnant of
the beveled ends with cutting tweezers.

3.3.  Repeat step 1.1 with a single 23 G needle to build adaptors by cutting two 6 mm-long
segments starting from the blunt end.

3.4. Eliminate the occluded portions of the 6 mm segments by pressing them perpendicularly
against the cut-off disc until two 4 mm adaptors are obtained. Eliminate any internal
obstruction.

3.5. Insert the beveled end of the 30 G segments into the adaptors. Look through a
stereomicroscope to ensure that the end of both, segments and adaptors, are at the same
level. Apply cyanoacrylate glue to the distal joint using a cotton swab and let dry for 15
minutes.

3.6.  Soak two Teflon tubing connectors in 70% ethanol for 5 minutes and then attach them
to the microinjectors through the adaptors. Wait until the diameter of the connectors shrinks
for at least 24 hours before using it.

4. Animal maintenance and vaginal smears

4.1. Use cyclic adult female hooded rats (Rattus norvegicus, CIIZ-V strain) weighing between

230 and 260 grams. House the rats in groups of four in standard polypropylene cages in a room
with a 14:10 light—dark photoperiod. Set the temperature and humidity at 22 + 2 °C and at 40%,
respectively. Provide food and water ad libitum.

4.2. Take vaginal smears every day between 10:00 and 12:00 h.

4.2.1. Sterilize a modified bacteriological loop with an inner diameter of 1 mm using an alcohol
lamp and cool it with sterile water. Hold the rat with a secure grip and introduce 5 mm of the
bacteriological loop into the vagina, touching its internal walls. Remove the bacteriological

loop. If successful, a cloudy drop will be seen at the tip. Place this drop on a microscope slide.

4.2.2. Repeat this process for each rat sterilizing and cooling the loop between each animal.
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4.2.3. After the drops dry off, stain with hematoxylin-eosin and observe the samples under a
microscope at 10x.

4.2.4. Determine the proportion of leukocytes, epithelial nucleated cells and keratinized cells
on each smear and classify it according to the criteria of estrous cycle stages reported in Figure
1, which agrees with previous literature?®2°,

5. Stereotaxic implantation of the cannulas

NOTE: Perform the implantation of the cannulas following a regular aseptic stereotaxic surgery
and abiding to institutional norms.

5.1. Before surgery

5.1.1. Sterilize surgical instruments, cannulas, surgical screws, obturators, gauze and wooden
cotton swabs 24 h before surgery using a steam autoclave. Sterilize the tips of metallic
instruments between consecutive surgeries by cleaning them with 10% hydrogen peroxide
followed by water and then place them in a hot bead sterilizer.

5.1.2. Prepare the working areas and the stereotaxic instrument before removing the animal
from the homeroom. Prepare the animal for surgery in an area that is located as far as possible
from the surgery table to avoid contamination during the procedure.

5.1.3. Clean the preparation and surgery areas with 70% ethanol followed by an application of
a 10% chloride solution for ten minutes. Clean the base, frame and manipulators of the
stereotaxic instrument with 70% ethanol and sterilize the tips of the ear bars using a hot bead
sterilizer and air-cool them before surgery.

5.1.4. Perform the surgery wearing a dedicated lab coat, face mask, head bonnet, surgical
sleeves, shoe covers and surgical gloves. Ask the assistant to prepare the animals for surgery
and check their general state during the procedure.

5.1.5. Attach the cannula to the stereotaxic holder. Ask the assistant to bring the first animal
to be operated into the room. Select rats in diestrus for surgery, since observations from our
lab indicate that these animals recover proper estrous cycles quicker than rats operated in
other stages, probably because the response to stress changes along with the estrous cycle.

5.1.6. Weigh the animal, and induce anesthesia with 4% isoflurane in 100% oxygen inside an
induction chamber for rats connected to an isoflurane vaporizer. To avoid stressing the animals,
do not prefill the chamber. Confirm a surgical plane of anesthesia by checking pupil dilation and
the loss of pain as measured by the tail and ear pinch tests after you observe the loss of the
righting reflex.
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5.1.6.1. Anesthetize the rat by an intraperitoneal injection of a mixture of ketamine (100
mg/kg) and xylazine (10 mg/kg) if an isoflurane vaporizer is not available.

5.1.7. Remove the rat from the induction chamber and use a nose cone in the preparation
table to maintain the effects of anesthesia with 2.5% isoflurane in 100% oxygen. Trim the hair
of the scalp with clippers and remove loose hair with a lint roller. Inject a preoperative
subcutaneous dose of 2 mg/kg of Meloxicam and 5 mg/kg of Enrofloxacin as a non-steroidal
anti-inflammatory/analgesic and antibiotic, respectively.

5.1.7.1. Apply hypromellose artificial tears to each eye to avoid desiccation during the
surgery.

5.1.8. Mount the animal in the stereotaxic instrument above a warming pad using non-rupture
ear bars and an anesthesia mask. Adjust the nose clamp to ensure that the head of the animal
is flat. Perform a surgical scrub in the shaved area alternating between povidone-iodine with
soap and 70% ethanol one time and then using povidone-iodine and 70% ethanol two times.
Insert a rectal thermometer to record the temperature of the animal during the procedure and
then cover it with a sterile surgical field.

5.2.  During surgery

5.2.1. Use a scalpel to make a 2 cm incision in the skin and muscle in the middle of the shaved
area. Remove the periosteum from the skull using a cotton swab coated with 2% hydrogen
peroxide to reveal bregma or lambda, the landmarks that will be used to calculate the target
coordinates. Dry the skull with air for a better visualization of the landmark.

5.2.2. Use the manipulators of the stereotaxic instrument to move the cannula to a position
directly above the landmark of choice. Register the anterior-posterior and the medial-lateral
coordinates from the stereotaxic instrument and use them to calculate the coordinates of the
target area according to the brain atlas?’.

5.2.3. Set the calculated coordinates in the stereotaxic instrument and place the tip of the
cannula on the surface of the skull. Register the dorsal-ventral coordinate and use it to calculate
the depth to the target area.

5.2.4. Remove the arm of the manipulator by unscrewing it from the frame. Use a dental burr
attached to a rotatory tool at a speed of 15,000 rpm to make a mark in the place where the
craniotomy will be performed. Then use the burr to make three holes, forming an equilateral
triangle around the mark. These holes must not pierce the skull. Insert the surgical screws into
the holes, ensuring that they are tightly placed.

5.2.5. Make the craniotomy wide enough to accommodate the distance between the target
areas in each hemisphere. It should be as small in diameter as possible but big enough to allow
the lowering of the cannula without touching the borders of the skull, since this will modify the
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trajectory. Perform the craniotomy gradually, applying the lowest pressure possible. The rodent
skull is just a few millimeters thick and it is pivotal to preserve the integrity of the tissues below.

5.2.6. Once the dura mater is visible, use a sterile 21 G needle with the tip curved at a 90°
angle to remove splinters of bone and make an anterior-posterior cut in the meninges. Use
Wirtshafter and colleagues3® technique to avoid damage to the superior sagittal sinus if the
target area is located close to the midline.

5.2.6.1. Place the holder with the cannula in the frame and use the dorsal-ventral
manipulator to reach the ventral coordinate. Check that the needle does not touch the borders
while descending and increase the diameter of the craniotomy if needed.

NOTE: It is important that the tip of the guide cannulas targets a region ranging from 0.5 to 2.0
mm above the region of interest. This is due to the inflammatory reaction of the brain in
response to the introduction of foreign bodies and to the destruction of the tissue. This is
especially critical if the region of interest is small and the working distance must be calculated
empirically in advance.

5.2.7. Apply dental cement to attach the cannula to the skull and let it dry. Ensure that the
dental cement does not cover the blunt end of the cannula since this will irreversibly obstruct
it. Wait until the cement solidifies completely.

5.2.8. Insert the obturators to avoid further obstructions and to ensure patency during the
study. Put on the silicone cap to avoid contamination.

5.3.  After surgery

5.3.1. Replace lost fluids by an intraperitoneal injection of 1.0 mL of sterile saline solution at a
physiological temperature. Place the animal in a recovery cage with thermal support until it
recovers from anesthesia. Check the temperature and hearth/respiratory rate of the animal
periodically. Isoflurane effects last for a few minutes after interruption of the gas flux while
ketamine/xylazine effects lasts for 40-50 min.

5.3.2. Provide post-operative injections of the antibiotic, analgesic and anti-inflammatory
drugs (at the same doses and routes stated before) for 48-72 h and closely inspect the animals
on a daily basis for the rest of the experiment. Report any sign of pain, stress or loss of weight
to vet services or to a trained member of the lab. Do not perform any other manipulation to the
rats during this period.

5.3.3. Start taking vaginal smears after the post-operative treatment and continue doing it
until the animal shows three consecutive estrous cycles of four days.

NOTE: Chronic jugular catheters can be surgically implanted, allowing the researcher to take
serial blood samples to analyze the secretion of hormones such as estradiol, progesterone,
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testosterone, luteinizing hormone, follicle-stimulating hormone and corticosterone. We
recommend placing such a catheter once the animal recovers from the brain surgery, since this
will improve survival rate while also avoiding clogging of the catheter that may result from an
extended recovery time.

6. Tetrodotoxin handling and preparation of solutions

CAUTION: TTX is one of the most toxic substances known. It acts on skeletal muscles and
nervous tissue. Intoxication by contact is unlikely but any open wound is a potential pathway
for inoculation into the body. The main concerns when working with TTX are the puncture of
the skin with sharp instruments that have been in contact with the toxin and the generation of
aerosols that may reach the mouth, eyes and mucous membranes. Depending on the dose, TTX
may be lethal if inhaled, swallowed or inoculated by the skin. It will cause strong irritation of
the eyes. The LD50 has been tested in mice by oral and intravenous administration and it is 334
ug/kg and 7.3 pg/kg, respectively. There is no antitoxin available at this time.

NOTE: Inactivating substance is a 1.0% NaOCI| with or without 0.25 N NaOH, or a 10% bleach
solution. Complete inactivation occurs after 30 min exposure. TTX cannot be completely
inactivated by any chloride derivate at a concentration below 10%, by autoclaving nor by dry
heat sterilization at a temperature lower than 500 °F. All the procedures involving TTX must be
performed by two knowledgeable individuals wearing inner and outer pairs of nitrile gloves,
dedicated lab coat, safety glasses, disposable face mask, closed shoes and full-length pants.

6.1. Preparation of the stock solution

6.1.1. Place a pad that is soaked with the inactivating substance in the fume hood to prevent
contamination in case of a spill. Be sure that the fume hood is working properly before starting.
Prepare a receptacle with the inactivating solution to dispose of pipette tips.

6.1.2. Re-suspend TTX citrate lyophilized powder according to manufacturer instructions by an
extremely careful and slow titration with artificial cerebrospinal fluid, rinsing down the walls of
the vial in the process. Avoid the formation of foam and aerosol. Use a syringe with a needle
instead of a micropipette if your TTX vials have an outer membrane to prevent aerosol
formation.

6.1.3. Aliquot the stock solution into sterile micro tubes. Make aliquots as small as possible
since freezing/thawing cycles may alter the stability of the molecules. Do not fill more than half
of the tubes because water increases in volume when frozen, which can lead to opening of the
lid and contamination of the tube and other samples stored in the container.

6.1.4. Decontaminate the exterior of the tubes and the surfaces where TTX was used with the
inactivating substance. Store the tubes at -20 °C in a vial box inside a secondary container.

6.2. Diluting the stock solution to a working concentration
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6.2.1. Prepare freshly diluted solutions the day they will be used since diluted solutions are

less stable. Place a pad that is soaked with the inactivating substance in the fume hood and a
micro tube-rack on top of it. Prepare a receptacle with the inactivating solution to dispose of
pipette tips.

6.2.2. Pipette the stock solution at the bottom of a sterile microtube and then add the
calculated amount of artificial cerebrospinal fluid to achieve a concentration of 10 ng/uL. As
described for the re-suspending of the TTX powder, perform an extremely careful and slow
titration, rinsing down the walls of the vial and avoiding the formation of foam and aerosol.

6.2.3. If samples that have been on the freezer will be used for microinjection, they must be
allowed to equilibrate at room temperature for at least one hour prior to the experiment.

7. Microinjection of TTX or vehicle solutions into freely moving rats

7.1.  Configure the microinjection pump with the infusion rate and total time of injection
according to the experiment. Calculate these parameters in advance considering the volume
occupied by the target structure and the amount of solution to be injected. For this experiment
inject 200 nL of solution at a rate of 50 nL per minute for a total infusion time of 4 minutes.

7.2.  Fill two 10 pL Hamilton syringes with sterile distilled water, insert a piece of Teflon
tubing into the tubing connector of each microinjector, ensuring that the length of the tubing
does not constrain the movement of the rat. Connect the tubing to the Hamilton syringes and
press the plunger until a drop of water is visible at the tip of the microinjector. Retract the
plunger to create a 2 cm air pocket in the tubing. Do not consider the length of the needle for
this measurement.

7.3.  Place a pad that is soaked with the inactivating substance and a 2 cm x 2 cm square of
paraffin film above it. Pipette a sufficient amount of TTX to fill the needle of the injector and 1
cm of the tubing above the film. Absorb the TTX drop by gently retracting the plunger. Mount
the syringes in the microinjection pump and use its controls to manipulate the plunger until a
drop of TTX can be seen at the tip of each microinjector. Discard the drops into the pad soaked
with inactivating substance.

7.4. Select the rats that will be microinjected. Use only rats that showed at least three
consecutive cycles after the surgery. Consider their stage of the cycle and the time of the day.
Both the time and the stage depends on the specific hypothesis that you will test, for this
experiment 14:00 hours of proestrus selected since the nervous preovulatory signals governing
phasic GnRH secretion occur at this moment. Transport them to the room where the injection
will take place inside their own housing cages to avoid distress.

7.5. Hold the rat with a firm grip, remove the cap and obturators from the cannulas, insert
the microinjectors into the guide cannulas and return the animal to the cage.
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7.6.  Turn on the pump and wait until the microinjection finishes. Observe the animal during
this period in order to detect a possible detachment of the microinjectors and to avoid the
twisting of the Teflon tubes.

7.7.  Leave the microinjectors in place for two additional minutes to avoid reflux of the
solution. Remove them, replace the obturators, put on the cap and return the animal to the
colony room. Observe the animal periodically to detect any possible side effects of the drug.

7.8.  Turn on the pump with the same parameters as during microinjection and check for a
correct flow to ensure that patency of the system was retained during the procedure.

7.9.  Press the plunger to expel the TTX/vehicle out of the microinjector until the air bubble
reaches the tip of the needle. Recollect the TTX in its microtube. Fill the syringe with distilled
water and use it to clean the interior of the tubes. Discard the water into the inactivating
substance and repeat this process at least three times. Clean the outside of syringes, tubes and
microinjectors with a cloth soaked in the inactivating substance.

8. Euthanasia and tissue processing

8.1. Onthe day of the predicted or vaginally confirmed estrus, inject the rat with an
intraperitoneal overdose of sodium pentobarbital (75 mg/kg). Check for loss of consciousness
and inject 200 nL of a 0.5% methylene blue solution through the guide cannulas as described in
steps 7.1 to 7.9. Check for pain signs using the toe or tail pinch test and, if none are detected,
decapitate the rat using a rodent guillotine.

8.2.  Use scissors to open the abdominal cavity and find the ovaries. Use fine iris scissors to
dissect each ovary, cutting at the utero-tubal junction with the aid of a magnifying glass. Avoid
damaging the oviduct because this will result in the loss of oocytes.

8.3.  Put the ovaries under a stereomicroscope and use a razor blade to remove all the fat
tissue without damaging the organ. Remove the oviduct from each ovary by cutting with the
razorblade as far as possible from the ampulla region. Mount each oviduct on a different slide
and cover with a drop of water. Store the ovaries in a vial containing Bouin’s solution.

8.4. Gently dry the oviducts with an absorbent paper towel and search for the ampulla under
the stereomicroscope. With the non-dominant hand, hold the oviduct in place by pinching far
from the ampulla with a 23 G needle, then use another 23 G needle in the dominant hand to
make a 1 mm incision in the middle region of the ampulla. The cumulus-oocyte complexes will
protrude from the incision as a drop of viscous fluid (Figure 2D). Use the needle in the
dominant hand to gently and slowly pull the drop far from the oviduct. Press the remnant of
the ampulla to ensure that no oocytes are left inside. Extract the oocytes from the oviducts as
fast as possible as desiccation of the oviduct will irreversibly trap the oocytes inside.
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8.5.  Remove the oviduct from the slide and wait until the drop of fluid containing the
oocytes dries. Stain the sample with hematoxylin-eosin. Use mounting medium to coverslip.
Observe under the microscope (10x) to determine the number of oocytes shed by each ovary.

NOTE: Sacrifice by cardiac perfusion is not performed in this protocol since the oocytes would
be trapped in the oviducts and hence histological methods would be necessary to assess
ovulation. If the user must perfuse to analyze other tissues, the ovaries can be removed first
and the descending arteries clamped with thick hemostats below the liver to avoid leaking of
fixative.

8.6. Remove the skin of the head and submerge the skull in a glass container with a 10%
formalin solution. Allow fixation of the head for at least ten days before removing the cannula
to avoid distortion of the tissue. To remove the cannula, use scissors to detach all the muscles
in the region of the skull that surrounds it. Cut between the nasal and frontal bones with bone
trimmers and then remove the occipital bone. Insert the tip of the trimmers into the foramen
magnum and start cutting through the sagittal crests reaching the remnant of the nasal bone.

8.7. The isolated region of the top of the skull must contain the frontal and parietal bones.
Remove the implanted cannula attached to the top of the skull by slowly pulling it up
perpendicularly to the head. Cut any attached portion of the meninges with fine iris scissors to
avoid deformation of the brain.

8.8. Make an anterior-posterior cut on the meninges and put them aside to remove the brain
from the base of the skull. Insert blunt tweezers below the olfactory bulbs and gently pull up
the brain until the optic nerves are visible. Cut the nerves with fine iris scissors and pull out the
brain. Preserve the brain in fixative solution.

8.9. Obtain 50 um thick sections of the brain using a vibratome, mount them in poly-L-lysine
coated slides (0.1% in distilled water) and stain with the Nissl technique. Observe the slides
under the microscope (10x) to determine the final position of the cannulas (Figure 2A-2C) and
the spread of the dye with the aid of a rat brain atlas?’.

REPRESENTATIVE RESULTS:

The protocol described above was tested by evaluating the effects of a single TTX or vehicle
(artificial cerebrospinal fluid; ACSF) microinjection into one of two different nuclei known to be
involved in the regulation of ovulation in the rat: the suprachiasmatic and the arcuate nucleus.
The suprachiasmatic nucleus was chosen since it contains the central circadian pacemaker in
mammals. It is involved in the regulation of cyclic events as the secretion of gonadotropins. The
arcuate nucleus was chosen because it contains a population of neurons that express estradiol
receptors, which stimulates GnRH secretion during most of the estrous cycle. The
microinjection was performed at 14:00 hours of proestrus stage, which is a period known as the
“critical window” due to the occurrence of many of the central mechanisms regulating the pre-
ovulatory release of gonadotropins. After treatment, vaginal smears were taken every day and
the rats were euthanized at 09:00 hours of the predicted day of estrus, which coincided with a
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vaginal smear characteristic of estrus. As an additional control group, five intact rats euthanized
at the stage of estrus were used. The fraction of cycling animals after the surgery and the
fraction of ovulating rats of each group (ovulating rats/n) was calculated and analyzed using
Fisher’s exact probability test. The number of ova shed by both ovaries was analyzed by the
Kruskal-Wallis test, followed by Dunn’s test. Appropriate statistical tests were performed to
ensure that the sample size was adequate.

A total of 30 female rats were implanted with guide cannulas aiming at one of the two target
areas. As shown in Figure 3, all the animals were cyclic before the surgery but only seven of
them did not show alterations of the estrous cycle after the cannulation procedure. Twenty-
three animals showed transient alterations of their cycles, characterized by an increase in the
number of days with leukocytic smears. Such alterations are probably due to the stress induced
by the surgery and gradually decreased. By the fifth cycle twenty-eight rats were considered
cyclic and the remaining two were discarded from the experiment. This result shows that, after
a recovery time of four estrous cycles (16 days), most of the cannulated animals are suitable for
further experimentation.

Figure 4A and Figure 4B depicts the percentage of ovulating animals and the number of ova
shed, respectively, by intact animals and by the groups treated with either ACSF or TTX into the
suprachiasmatic nucleus. All the intact rats ovulated and the same was true for the ACSF group.
However, none of the animals microinjected with TTX ovulated. The injection of the vehicle did
not modify the number of ova shed. However, it would be interesting to assess the viability and
quality of the oocytes released. Similar results can be observed in Figure 4C and Figure 4D for
rats microinjected into the arcuate nucleus. In both cases, this method proved the participation
of a discrete brain region in the regulation of ovulation at the critical window of the proestrus
stage, which was first inferred from lesion studies but not confirmed. The effects of the TTX
microinjection seems to be transitory rather than permanent since a previous experiment
showed that rats injected in the suprachiasmatic nucleus outside the “critical window” ovulated
at the expected day of estrus?®. However, the inclusion of control groups in which the animals
are sacrificed with a 24 hour or until a clear vaginal smear of estrus is attained is also
recommended to address this issue.

The results in Figure 5A-B represent the ovulatory outcome of animals that were treated with
ACSF or TTX. However, as determined after histological confirmation, their cannulas were
located outside the intended region. Most of these cannulas were placed in the anterior
commissure or the retrochiasmatic area, two areas that do not contribute to the regulation of
ovulation. Both of these structures along with the suprachiasmatic and the arcuate nucleus are
very close from the third ventricle, considering this, a blockade of ovulation would be expected
in all animals if the drug leaked into the ventricle. The fact that TTX microinjection outside the
targets failed to block ovulation suggests that the volume of TTX infused at the rate selected did
not leak into the ventricle, hence revealing the region-specific effects of TTX. In support of this
idea, histological analysis of the brain slices only showed stained neurons near the tip of the
guide cannulas. However, we must clarify that no direct assessment of the spread of the drug
was performed and hence this conclusion should be further addressed.
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Figure 1. Vaginal smears representative of each stage of the rat estrous cycle. Estrus (A) is
characterized for the presence of epithelial cornified cells without a nucleus that can be found
either alone of forming cumulous as a result of epithelial desquamation. In metestrus (B) some
of these cornified cells can still be present, but are outnumbered by leukocytes, which are also
the predominant cell type in Diestrus (C). Proestrus samples (D) are characterized by they
viscous consistence and the predominance of epithelial nucleated cells. Scale bar in each panel
represents 10 um.

Figure 2. Histological examination of samples after euthanasia. Brain coronal sections at the
arcuate nucleus (ARC) and median eminence (EM) region of an intact rat (A), a bilaterally-
cannulated rat (B) and a rat with a misplaced cannula (C). The asterisks point at the area where
the tip of the guide cannulas were located, in B the tips where at the basal margin of the
ventromedial nucleus (VMH) allowing the protruded injectors to reach the upper margin of the
ARC. In C one cannula was located inside the third ventricle (3V), resulting in a non-localized
ventricular microinjection. This is a common mistake when the target is located near to the
midline and data from these animals must be discarded. When performed properly, the
extraction of oocytes should result in a single drop of viscous fluid containing all the oocytes
from the examined oviduct as seen in panel (D). Scale bar in each panel represents 500 um.
Figure 3. Cumulative percentage of cycling animals before and after the implantation of the
cannula (***p<0.0001; **p=0.0003 vs. the cycle before the surgery, Fisher’s exact probability
test).

Figure 4. Percentage of ovulating animals and median with interquartile range (error bars) of
the number of ova shed by animals microinjected into the target structure #1
(suprachiasmatic nucleus, A-B) or #2 (arcuate nucleus, C-D) with artificial cerebrospinal fluid
(ACSF) or tetrodotoxin (TTX) at 14:00 of proestrus stage. The intact group was added to each
graph for comparison purposes and the number inside the bars represent the fraction of
ovulating females (***p<0.01 vs. Intact and ACSF groups, Fisher’s exact probability test and
Kruskal-Wallis test, respectively).

Figure 5. Percentage of ovulating animals (A) and median with interquartile range (error bars)
of the number of ova shed (B) by animals whose cannulas were determined to be outside the
target areas. These animals were microinjected with artificial cerebrospinal fluid (ACSF) or
tetrodotoxin (TTX) at 14:00 of proestrus. The intact group was added to each graph for
comparison purposes and the number inside the bars represents the fraction of ovulating
females.

DISCUSSION:

This article describes a method to transiently inactivate, at any given time, a discrete region in
the brain of awake and unrestrained rats. A simple method to track their estrous cycle and
assess ovulation is also provided. This protocol allows a straightforward analysis of the
contribution of specific brain regions to the mechanisms that drive ovulation by comparing the
ovulatory outcome of TTX-treated animals with that of vehicle-treated ones. With the
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exception of the stereotaxic instrument and the microinjection pump, which are common in
neuroscience laboratories, this method does not require expensive materials. Commercial
cannulas and microinjectors are the usual choice for this kind of experiment, but the easy-to-
build system described here lower the costs and the results are indistinguishable. By using this
protocol and the materials listed in the table that accompany this article, ten times more
cannulas can be manufactured by spending the same amount of money that a commercial kit
for ten animals would cost. The construction of ten bilateral cannulas, no matter the
customization required for the study, can be performed in a few hours. In addition, all
components are re-usable which increases cost effectiveness.

Along with the benefit-cost ratio, this protocol is suitable for any laboratory environment since
it can be performed by any personnel, including students, with knowledge of rodent
manipulation, stereotaxic surgery and handling of biological toxins and related wastes. In
addition, it can be adapted to be used in any species of rodent and other small mammals
including rabbits, ferrets, marmosets and even in non-mammalian species such as birds and
reptiles. Besides the characteristics noted above, the main advantage of this protocol is that it
can be easily adapted for the study of other processes under the regulation of the brain such as
the activity of peripheral organs, the homeostatic response to environmental challenges and
various behaviors.

There are several critical steps that must be performed before starting the experiment in order
to attain the desired results. First, the coordinates of the targeted structure have to be
calculated empirically since those reported in brain atlases will not necessarily match with the
animals designated for the study as a result of their strain, sex or age. Several studies have
shown that implanted electrodes and infusion probes alter the function of the injured zone not
only by the destruction of neural bodies and fibers but also by the activation of glial cells. The
inflammatory reaction that initiates immediately after the implantation typically causes
encapsulation of the foreign body by glial cells. These cells form a tight sheath that impedes the
flow of neurotransmitters and displaces neurons, initiating a process of neurodegeneration3..
The deleterious effects of the implantation procedure cannot be avoided and care should be
taken to ensure that such effects occur as far from the brain region of interest as possible.
Coordinates should be calculated to place the guide cannulas into the target area only if it is big
enough to ensure that no more than 10% of the area will be damaged by the cannula. This
approach is useful, for example, if large areas of the cortex will be studied. Even in this case, a
detailed analysis of the control group must be performed in order to account for the effects of
the implant on the process of interest. For small structures such as discrete hypothalamic
nuclei, we advise researchers to calculate the coordinates to place the guide cannulas at a
distance ranging from 0.5 to 2 mm from the upper border of the target structure at the middle
region in the anterior-posterior and medial-lateral planes according to the brain atlas (Figure
2B). For this approach the injectors must be designed to protrude enough to reach the border
of the target. We have tested this for the two nuclei described in this protocol and found that
these rats recovered their estrous cycle and the ability to ovulate quicker than the animals with
cannulas implanted inside the targets.
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The solubility of the pharmacological agents to be injected should be considered so that the
vehicle solution is as similar to that of cerebrospinal fluid as possible. TTX can be purchased as a
lyophilized powder, either alone or with citrate. The first one has low solubility in water and an
acidic buffer with a pH around 5.0 is recommended to reconstitute it, but this can introduce the
possibility of damaging the tissue as result of injections of the vehicle alone. On the other hand,
TTX-citrate can be dissolved in water or 0.9% saline solution, which are both commonly used as
vehicles. We recommend against the use of both of these vehicles, and suggest using artificial
cerebrospinal fluid or Ringer’s lactate solution instead. A previous study showed that saline
solution microinjected into the suprachiasmatic nucleus has deleterious effects on ovulation
when performed at estrus or diestrus?®. Several articles have reported that the perfusion of
nervous tissue with solutions that do not match the physical and chemical characteristics of
cerebrospinal fluid alters the anatomy and physiology of neurons and promotes inflammatory
responses and cell death3%3>, Considering these results, the use of artificial cerebrospinal fluid
as the vehicle is strongly recommended in all experiments involving microinjection of drugs into
the brain.

Before beginning experiments, researchers should empirically determine the optimal volume of
solution to be injected, as both leaking into adjacent structures and insufficient coverage could
confound the interpretation of results. This can be accomplished by microinjecting a water-
soluble dye into clear agar or gelatin cubes. The dispersion of the dye can then be estimated
and compared with the expected size of the target as reported in the brain atlas. Still,
properties of the brain region of interest such as its cellular density and the presence of fiber
tracts or ventricular borders will affect the diffusion dynamics, and the results may differ from
those found in agar and gelatin. Accordingly, the researcher must then test the parameters
obtained in vitro in the target area of a few animals. Several dyes have been successfully used
for intracerebral microinjections in rats in order to delineate the diffusion of a given volume of
solution. The most common examples are cresyl violet, thionine blue, methylene blue, Evan’s
blue, fast green, and India ink. These dyes are dissolved in distilled water at a 0.5% or lower
concentration. Evan’s blue has the advantage of being detectable in a fluorescence microscope
(excitation at 620 nm and emission at 680 nm), allowing a more quantitative analysis of spread.
Latex microbeads can also be suitable for this approach. It is important to mention that
volumes greater than 2.0 uL should not be administered into the brain with this technique since
mechanical damage and tissue displacement will occur3®,

The flow rate of the solution is also an important factor to control, since the microinjection of
high volumes at high speed causes tissue displacement and mechanical lesions®. In addition, a
high rate of infusion also increases the spread of the drug, resulting in the inactivation of
neighboring structures. As much as a threefold increase in the area covered by a solution can
be caused by changing the infusion rate from 100 nL/5 minutes to 100 nL/1 minute3®,
Histological observations of rat brains injected with methylene blue indicate that an infusion
rate of 50 nL/minute does not displace the tissue while confining the drug into the target area
(personal observations). This was only tested with volumes equal to or lower than 200 nL and
hence researchers must run pilot experiments if bigger volumes will be used.



701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744

Once the working volume has been determined, it is also recommended to assess the spread on
each animal. This can be done by either co-injecting a dye with the drugs or by injecting it a few
minutes before euthanasia, as described in this protocol. The former model allows the dye to
spread along with the toxin, thus providing a more accurate assessment of the area affected. A
downside of this method is that the dye may interfere with the activity of the drug, and may
also be cytotoxic. Finally, clearance from the nervous tissue may occur if the animal needs to
survive for several days after the injection procedure, which would affect the estimate of the
spread. If this approach will be used, the effects of the dye on the process under study must be
addressed by comparing the outcome of the vehicle+dye group with that of intact animals. If
the injection of the dye will occur before euthanasia, doing so following the same parameters
as during microinjection (infusion rate and volume) is recommended. This should be performed
at least 10 minutes before euthanasia to allow spread of the solution. With this method, it was
found that 200 nL of a TTX/methylene blue solution covers a sphere of 0.6 mm of diameter and
the dispersion does not change significantly if microinjection occurs 1 hour before sacrifice
(personal observation). This agrees with the study by Freund and colleagues®’, as well as the
one by Zhuravin and Bures3?, which both found that 1 pL of TTX solution spreads in a spherical-
shaped volume with a diameter of about 3 mm. In general, it has been shown that the
dispersion of the drug depends on its molecular weight and the volume injected,® and the
results stated above match the diffusion of dyes with a molecular weight similar to that of the
TTX. If a more accurate control of dispersion is needed, the injection of radiolabeled TTX or the
implementation of immunohistochemistry against regular TTX with commercially available
antibodies can be performed?’. Besides a better delineation of the area covered by the drug,
these two approaches are limited by the clearance of the TTX from the tissue, which must be
considered if the animal should survive several days after the microinjection, on the other
hand, working and disposing of radioactive material will introduce new steps and security issues
that could not be compatible with all laboratories and protocols.

The inclusion of a control group that consist of animals injected into a brain area that does not
have a role in the regulation of the process studied is recommended. This group will help the
researcher to determine the specificity of the target area in the regulation of that process and
will discard the possibility that the drugs, injected in any structure, could trigger a blocking
signal based in a more widespread mechanism such as the activation of the stress or immune
axis. Since even the most experimented stereotaxic surgeons are not able to obtain a 100%
success rate when small structures are targeted, these experiments are usually accompanied by
cannulas placed outside the desired structure and hence this control group is unintentionally
attained. The results from the animals in which the cannula was misplaced are valuable and
should not be discarded; instead, a comprehensive analysis must be carried on considering the
area injected and the dispersion of the drug. Of special interest are the results that shows a
different effect (or none) in animals injected in regions near to the targets.

This protocol has limitations inherent to the chronic placement of cannulas. It is not possible to
avoid the permanent destruction of fibers of passage and neuronal bodies in the trajectory of
the cannula. The use of glass capillaries with a tip diameter of a few micrometers is the method
of choice to deliver drugs into the brain with minimal damage to the tissue*!. This methodology,
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however, has been used mostly in experiments in which the animal is anesthetized and/or the
head is attached to the stereotaxic apparatus or other holder devices. This is mainly due to the
fragility of the capillary itself, which makes it difficult to attach it to an awake and unrestrained
animal. A system using glass capillaries connected to osmotic pumps, instead of guide cannulas,
has shown a considerable improvement in the amount of brain tissue damaged and in the glial
response to the injury®. In this system, however, the infusion of the drugs is chronic rather
than timed and hence not useful in experiments in which the injection time must be precisely
controlled. A microinjection system based on a glass capillary inserted into the target area
through a previously implanted guide cannula was described by Akinori and colleagues®3. This
system allows the injection of an awake animal at the desired time, but it is not very robust and
the animal must be restricted during the procedure, which can lead to activation of the stress
response. In this protocol, the effects of damage to nervous tissue in the trajectory of the guide
cannula can be controlled for by comparing the intact and vehicle groups. Here it was shown a
similar ovulatory outcome for both groups, and it was concluded that the tissue affected, as
well as the injection of the vehicle did not interfere with ovulation. Researchers must run pilot
studies to determine whether the structures located dorsal to their target area, which would be
destroyed by the cannula, are involved in the regulation of the studied process. Still, a
promising future direction for this work is to design a delivery system that capitalizes on the
strengths of both guide cannulas and glass capillaries.

Another important consideration for researchers is the time of action of TTX. Zhuravin and
Bures®® have shown that TTX takes a few minutes to reach a maximum blockade of neural
transmission, which lasts for around one and a half hour, decreasing gradually over several
hours. This makes TTX the drug of choice when long-lasting inactivation is required. If the
experiment requires faster inactivation, local anesthetics such as lidocaine can be used since it
takes only a few seconds to reach a maximum blockade. The effects of this drug last for less
than 20 minutes, providing a finer temporal resolution than TTX. The characteristics stated
above make TTX a good tool for exploratory experiments that study the presence of neural
signals that are generated in less well-defined temporal windows. Lidocaine, on the other hand,
is useful for delineating this window?*. A disadvantage of both drugs is that they block the
transmission of action potentials in fibers of passage, introducing artifacts in the interpretation
of the data since the signal could potentially come from a different structure that sends axonal
projections to the injected area. In this case, careful analysis of the injections determined to be
outside of the target area are very important. For example, in this article it was shown that TTX
infusion into the area just anterior to the suprachiasmatic nucleus and into the region between
it and the arcuate nucleus did not block ovulation. Such results revealed that the fibers and cells
in those regions are not involved in the regulation of ovulation, which was unexpected due to
the presence of a reciprocal net of fibers linking the suprachiasmatic nucleus with both the
arcuate nucleus and the anterior regions containing GnRH neurons.

An alternative that does not block the transmission along fibers of passage in the injected area
is the use of divalent cations such as cobalt and magnesium, which both inhibit the release of
neurotransmitters by presynaptic terminals. The problem with this approach, however, is the
very short time of inactivating action and high toxicity**. Other options to avoid blockade of



789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832

fibers are the optogenetic and chemogenetic approaches, both of which are strategies for the
manipulation of the activity of specific neuronal populations. Selectivity is gained by
transfecting neurons with viral vectors designed to insert sequences that codify for either
opsins bound to ion channels or modified receptors expressed under specific promoters. The
microinjection of the vector is performed in anesthetized animals using glass capillaries, causing
little disruption of the surrounding tissue. The implantation of optic fibers or the systemic
injection of synthetic drugs allows for a very precise manipulation of the target population®.
These techniques proved useful in a study, either alone or in conjunction with techniques such
as the TTX microinjection presented in this protocol?®. Still, several aspects of these methods
must be considered to design successful experiments, including the validation of the specificity
of expression, controlling for the number of cells transfected, assessment of toxicity and
evaluation of the side effects of light and chemical stimulation.

Critical components of this protocol included proper determination of the stage of the estrous
cycle for each animal. To perform this procedure successfully, obtaining quality samples of the
vaginal epithelium and correctly interpreting the results are pivotal (we advise following Figure
1). Additionally, researchers must carefully fill the injection system to prevent the incorporation
of air bubbles that could result in the injection of inaccurate volumes of drugs. It is also
important to monitor the animals during the microinjection to prevent them from biting the
tubing or otherwise interfering with the system. Finally, researchers blind to experimental
conditions should analyze the outcome of ovulation, the final position of the cannula and the
dispersion of the solution into the target area to ensure that the interpretation of results is
unbiased.

Here a reliable, cost-efficient and straightforward method to analyze the contribution of
discrete areas of the brain in the regulation of ovulation was described. This procedure is
performed in awake and unrestrained rats, surpassing the deleterious effects of the blockade of
neurotransmission and also the inhibitory effects that stress hormones such as cortisol and
corticosterone exerts on GnRH secretion. This method is fully customizable and can be used to
deliver any drug into any structure of the brain. In addition, it can be easily adapted for
common rodent and non-rodent species used in the laboratory. Finally, this protocol can be
used in conjunction with methods for the quantification of substances such as hormones and
metabolites in the blood, assessment of gene expression in cells and tissues, recording of
neuronal activity and also the performance of awake animals in behavioral tests to determine
the role of specific brain areas in diverse behavioral and physiological processes.
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Table of Materials

Name of Material/ Equipment
10 uL Hamilton syringes
21 G x 1" stainless steel hypdermic needle
23 G x 1" stainless steel hypdermic needle
30 G x 1/2" stainless steel hypdermic needle
Artificial cerebrospinal fluid
Bone trimer
Burr for micro drill
Clipper
Cut-off disc
Cutting tweezers

Cyanocrylate glue
Dental cement
Enrofloxasin
Eosin

Estereoscope

Extra fine Bonn scissors
Face mask

Graefe Forceps
Hematoxilin

Hemostats

Hot bead sterilizer
Hydrochloric acid
Hypromelose artificial tears
Isoflurane

Meloxicam
Microinjection pump
Monomer

Mototool

Nitrile gloves

Company
Hamilton
BD
BD
BD
BASI
Fine Science Tools
Fine Science Tools
Wahl
Dremel
Truper

Kola loka
Nic Tone
Senosiain
Sigma
Zeiss
Fine Science Tools
Lanceta HG
Fine Science Tools
Sigma
Fine Science Tools
Fine Science Tools
Sigma
Sophia Labs
Pisa Agropecuaria
Aranda
KD Scientific
Nic Tone
Dremel
Lanceta HG

Click here to access/download;Table of Materials;Table of Materials.xls

Catalog Number
80314
305165
305145
305106
MD-2400
16152-12
19007-05

SM5010
17367

K-1

E4009

14084-08
60036
11050-10
H3136
13008-12
18000-45
320331
8950015

1183
788380

3000
69028
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Non-Rupture Ear Bars
Poly-L lysine
Povidone-iodine
Povidone-iodine with soap
Pressure tweezers

Rat anesthesia mask
Saline solution

Scalpel

Scalpel blade

Sodium pentobarbital
Standard electrode holder
Stainless steel wire
Stereotaxic apparatus
Surgical Sissors

Teflon connectors

Teflon tubing
Tetrodotoxin

Vaporizer

David Kopf Instruments
Sigma
Dermo Dine
Germisin espuma
Truper
David Kopf Instruments
PISA
Fine Science Tools
Fine Science Tools
Pisa Agropecuaria
David Kopf Instruments
American Orthodontic
David Kopf Instruments
Fine Science Tools
Basi
Basi
Alomone labs
Kent scientific

855
P4707

17371
Model 906

10004-13
10015-00

1770
856-612
Model 900LS
14001-12
MD-1510
MF-5164
T-500
VetFlo
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RESPONSE TO REVIEWERS

WE ARE THANKFUL FOR THE WORK THAT THE EDITOR AND THE FOUR
REVIEWERS HAVE DONE IN COMMENTING AND CORRECTING OUR
MANUSCRIPT IN ORDER TO IMPROVE ITS QUALITY. PLEASE FIND BELOW THE
RESPONSE, IN CAPITAL LETTERS, TO EACH INQUIRY.

Editorial Comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues. The JOVE editor will not copy-edit your
manuscript and any errors in the submitted revision may be present in the published
version.

RESPONSE: WE HAVE REVIEWED OUR MANUSCRIPT AND ANY ERROR THAT
WE FOUND WAS CORRECTED. ADDITIONALLY, AN ENGLISH NATIVE-SPEAKER
HAVE READ OUR MANUSCRIPT FOR A SECOND TIME AND SUGGESTED
FURTHER MODIFICATIONS TO IMPROVE THE OVERALL QUALITY OF THE
TEXT, ALL HIS SUGGESTIONS WERE CONSIDERED.

2. Please highlight 2.75 pages or less of the Protocol (including headings and spacing)
that identifies the essential steps of the protocol for the video, i.e., the steps that should
be visualized to tell the most cohesive story of the Protocol. Remember that non-
highlighted Protocol steps will remain in the manuscript, and therefore will still be
available to the reader.

RESPONSE: WE ELIMINATED SOME STEPS FROM THE HIGHLIGHTED
PROTOCOL THAT WERE NOT ESSENTIAL AND, IN ADDITION WITH THE NEW
CORRECTIONS MADE, WE ENDED WITH A NEW HIGHLIGHTED SECTION THAT
FITSINTO 2.75 PAGES AS REQUESTED. WE UPLOADED A SEPARATE WORD FILE
WITH THIS SECTION IN ADDITION TO THE HIGHLIGHTED TEXT IN THE MAIN
MANUSCRIPT.

3. Please ensure that the highlighted steps form a cohesive narrative with a logical flow
from one highlighted step to the next. Please highlight complete sentences (not parts of
sentences). Please ensure that the highlighted part of the step includes at least one action
that is written in imperative tense.

RESPONSE: WE HAVE REVIEWED OUR SELECTION OF STEPS FROM THE
PROTOCOL AND CONFIRM THAT THEY FORM A SELF-EXPLANATORY STORY
THAT CAN BE EASILY FOLLOWED BY THE READER. ONLY COMPLETE
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SENTENCES HAVE BEEN SELECTED AND ALL OF THEM INCLUDE A VERB IN
THE IMPERATIVE TENSE.

4. Please revise the text to avoid the use of any personal pronouns (e.g., "'we", "'you",
"our" etc.).

RESPONSE: ALL PERSONAL PRONOUNS WERE REMOVED FROM THE TEXT AND
HENCE THE FOLLOWING SENTENCES WERE MODIFIED:

Summary

“The goal is to reveal the participation of hypothalamic structures in the regulation of
ovulation by inhibiting their neural activity.”

Abstract

“This protocol combine this method with strategies for the assessment of the estrous cycle
and ovulation to reveal the role of discrete brain regions in the regulation of ovulation at
particular times of any given stage of the estrous cycle.”

Discussion

“The protocol described above was tested by evaluating the effects of a single TTX or vehicle
(artificial cerebrospinal fluid; ACSF) microinjection into one of two different nuclei known
to be involved in the regulation of ovulation in the rat: the suprachiasmatic and the arcuate
nucleus.”

“As an additional control group, five intact rats euthanized at the stage of estrus were used.”

“In both cases, this method proved the participation of a discrete brain region in the
regulation of ovulation at the critical window of the proestrus stage, which was first inferred
from lesion studies but not confirmed.”

“A simple method to track their estrous cycle and assess ovulation is also provided. ”

“Commercial cannulas and microinjectors are the usual choice for this kind of experiment,
but the easy-to-build system described here lower the costs and the results are
indistinguishable.”

“By using this protocol and the materials listed in the table that accompany this article, ten
times more cannulas can be manufactured by spending the same amount of money that a
commercial kit for ten animals would cost. ”

“A previous study showed that saline solution microinjected into the suprachiasmatic
nucleus has deleterious effects on ovulation when performed at estrus or diestrus. ”

“Considering these results, the use of artificial cerebrospinal fluid as the vehicle is strongly
recommended in all experiments involving microinjection of drugs into the brain.”



“If the injection of the dye will occur before euthanasia, doing so following the same
parameters as during microinjection (infusion rate and volume) is recommended. ”

“With this method, it was found that 200 nL of a TTX/methylene blue solution covers a sphere
of 0.6 mm of diameter and the dispersion does not change significantly if microinjection
occurs 1 hour before sacrifice (personal observation).”

“Histological observations of rat brains injected with methylene blue indicate that an
infusion rate of 50 nL/minute does not displace the tissue while confining the drug into the
target area (personal observations).”

“In this protocol, the effects of damage to nervous tissue in the trajectory of the guide cannula
can be controlled for by comparing the intact and vehicle groups. ”

“Here it was shown a similar ovulatory outcome for both groups, and it was concluded that
the tissue affected, as well as the injection of the vehicle did not interfere with ovulation. ”

“For example, in this article it was shown that TTX infusion into the area just anterior to the
suprachiasmatic nucleus and into the region between it and the arcuate nucleus did not block
ovulation.”

“Here a reliable, cost-efficient and straightforward method to analyze the contribution of
discrete areas of the brain in the regulation of ovulation was described. ”



Comments from Peer-Reviewer #2:

Reviewer #2:
Manuscript Summary:

The manuscript of Silva et al. describes the protocol of bilateral tetrodotoxin (TTX)
microinjections to selected brain regions and exemplify the results by demonstrating the
effects on two brain regions (SCN and ARC) implicated in the regulation of ovulation. The
physiological output, which they measured, the success rate of ovulation was after injecting
the TTX on proestrus day 14.00. The authors claim that the major advantage of this technique
over "traditional” lesion or deafferentation approaches is the possibility to block the neuronal
activity in a selected brain region at a timed manner. This technique can also be combined
with opto-or chemogenetic approaches.

Major Concerns:

All concerns have been adequately answered

RESPONSE: ESTIMATED REVIEWER #2, THANK YOU FOR THE WORK YOU DID
IN EDITING AND COMMENTING ON OUR MANUSCRIPT



Comments from Peer-Reviewer #3:

Reviewer #3:
Manuscript Summary:

The authors describe how to make a system to inject tetrodotoxin (TTX) into specific brain
areas to study function - they use ovulation as a readout to validate their method.

The abstract/introduction gives a pretty good rational for using TTX injections instead of
using other techniques.

The protocol reads well - although without a companion video it is hard to evaluate.

The results are consistent with one would expect given the injection sites.

The discussion provides valuable information for validation experiments and technical issues
commonly encountered.

Major Concerns:
NONE
Minor Concerns:

NONE

RESPONSE: WE ARE THANKFUL FOR THE TIME INVESTED IN CORRECTING
OUR MANUSCRIPT AND YOUR VALUABLE COMMENTS ABOUT IT.



Comments from Peer-Reviewer #4:

Reviewer #4:
Summary:

In this manuscript, the authors describe an approach to silence neurons in awake, free-moving
rats to assess the role of discrete brain regions in ovulation. Using tetrodotoxin and a cannula
system, the authors demonstrated that TTX in the arcuate and suprachiasmatic nuclei
prevented ovulation. Overall, the methodology and techniques are clearly explained and
provide a needed, less expensive alternative setup for micro-injections into the brain. The
results are consistent and as expected based on previous literature.

General Points:

1. While the inclusion of the aCSF control group is required, the experimental design is
lacking another important control group, TTX to a non-reproductive brain region.
Without that group, it is difficult to determine whether TTX has specific effects to the
suprachiasmatic/arcuate nuclei and reproduction, or whether any brain region that
receives TTX would produce a cellular and or physiological response (e.g. a stress
response), that would shut down reproduction. Though the data in Figure 3 might help
to alleviate this concern (TTX treatment had no effect on cannula outside the target), it
is possible that the incorrect cannula placement altered the efficacy of the cannula and
the dosing of the TTX that was actually injected. The lack of this group should be
addressed in the discussion.

RESPONSE: AS YOU MENTIONED, WE THINK THAT THE RESULTS FROM RATS
INJECTED OUTSIDE THE TARGETS REVEAL INFORMATION ABOUT THE
SPECIFICITY OF THE SCN AND THE ARC IN THE REGULATION OF OVULATION.
THERE IS NO LITERATURE THAT CLAIMS A ROLE OF THE ANTERIOR
COMMISSURE OR THE RETROCHIASMATIC AREA IN THE REGULATION OF THIS
PROCESS. ACCORDINGLY, WE DID NOT OBSERVED ALTERATIONS IN
OVULATION IN RATS INJECTED INTO THESE AREAS. IN ADDITION, BOTH
STRUCTURES ARE VERY CLOSE TO THE SCN AND ARC AND HENCE THE
RESULTS FROM THOSE RATS ARE MORE VALUABLE THAN INJECTIONS
LOCATED IN NON-REPRODUCTIVE REGIONS FAR FROM THE CORE
HYPOTHALAMIC CENTERS WELL-KNOWN TO CONTROL OVULATION. THESE
INJECTIONS ALSO INDIRECTLY DELINEATES THE VOLUME OF TISSUE
OCCUPIED BY THE 200NL INJECTIONS. THIS INFORMATION IS PARTIALLY
MENTIONED IN THE FOLLOWING SENTENCE:

“Most of these cannulas were placed in the anterior commissure or the retrochiasmatic area,
two areas that do not contribute to the regulation of ovulation. As shown, even TTX



microinjection in those areas during the critical window failed to block ovulation. This data
reveals the region-specific effects of TTX...”

WE ALSO ADDED THE FOLLOWING PARAGRAPH TO THE DISCUSSION TO
RECOMMEND THE INCLUSION OF THE NON-TARGETED AREA GROUP INTO
THE EXPERIMENTAL DESIGN:

“The inclusion of a control group that consist of animals injected into a brain area that does
not have a role in the regulation of the process studied is recommended. This group will help
the researcher to determine the specificity of the target area in the regulation of that process
and will discard the possibility that the drugs, injected in any structure, could trigger a
blocking signal based in a more widespread mechanism such as the activation of the stress
or immune axis. Since even the most experimented stereotaxic surgeons are not able to obtain
a 100% success rate when small structures are targeted, this experiments are usually
accompanied by cannulas placed outside the desired structure and hence this control group
Is unintentionally attained. The results from the animals in which the cannula was misplaced
are valuable and should not be discarded, instead, a comprehensive analysis must be carried
on considering the area injected and the dispersion of the drug. Of special interest are the
results that shows a different effect (or none) in animals injected in regions near to the
targets.”

2. This technique and the data are aimed to target specific brain regions. However, there
is only a brief description in section 8.9, that discusses how the brains in the experiment
were analyzed. How was the cannula placement determined? What criteria were used
to determine if cannula were inside or outside of a certain brain region? Understanding
the analyses for this experiment are critical for interpreting the data. It would be helpful
to include some brain images to indicate cannula placement in the results.

RESPONSE: WE AGREE THAT IT WAS NOT CLEARLY STATED WHERE THE TIPS
OF THE GUIDE CANNULAS SHOULD BE LOCATED IN ORDER TO OBTAIN
PRECISE MICROINJECTION. STILL, THIS WILL DEPEND ON THE TARGET
REGION AND THE HYPOTHESIS TESTED, FOR EXAMPLE, IF ONLY A PORTION
OF THE STRUCTURE MUST BE INJECTED. FOR THIS EXPERIMENT WE AIMED
AT THE CENTER OF THE TARGETED NUCLEI AND HENCE THE FOLLOWING
SENTENCES WHERE MODIFIED:

“For small structures such as discrete hypothalamic nuclei, we advise researchers to
calculate the coordinates to place the guide cannulas at a distance ranging from 0.5 to 2 mm



from the upper border of the target structure at the middle region in the anterior-posterior
and medial-lateral planes according to the brain atlas (Figure 2B).”

IN ADDITION, TWO FIGURES DEPICTING THE HISTOLOGICAL ANALYSIS OF
THE ESTROUS CYCLE, THE BRAIN SLICES AND THE OOCYTE EXTRACTION
WERE ADDED TO THE MANUSCRIPT AND HENCE THE FOLLOWING FIGURE
LEGENDS WHERE ALSO ADDED:

“Figure 1. Vaginal smears representative of each stage of the rat estrous cycle. Estrus (A) is
characterized for the presence of epithelial cornified cells without a nucleus that can be
found either alone of forming cumulous as a result of epithelial desquamation. In metestrus
(B) some of these cornified cells can still be present, but are outnumbered by leukocytes,
which are also the predominant cell type in Diestrus (C). Proestrus samples (D) are
characterized by they viscous consistence and the predominance of epithelial nucleated cells.
Scale bar in each panel represents 10 pum.”

“Figure 2. Histological examination of samples after euthanasia. Brain coronal sections at
the arcuate nucleus (ARC) and median eminence (EM) region of an intact rat (A), a
bilaterally-cannulated rat (B) and a rat with a misplaced cannula (C). The asterisks point at
the area where the tip of the guide cannulas were located, in B the tips where at the basal
margin of the ventromedial nucleus (VMH) allowing the protruded injectors to reach the
upper margin of the ARC. In C one cannula was located inside the third ventricle (3V),
resulting in a non-localized ventricular microinjection. This is a common mistake when the
target is located near to the midline and data from these animals must be discarded. When
performed properly, the extraction of oocytes should result in a single drop of viscous fluid
containing all the oocytes from the examined oviduct as seen in panel (D). Scale bar in each
panel represents 500 pum.”

3. In the introduction, the description of the reproductive axis referenced GnRH
neurons, but failed to mention the role of kisspeptin neurons in the regulation of
reproduction. Considering one of the target regions, the arcuate nucleus, contains a
large population of kisspeptin neurons and the fair amount of data demonstrating the
importance of kisspeptin neurons in the LH surge and ovulation, it would seem
important to discuss the role of Kisspeptin in reproduction. It is highly likely that it is
kisspeptin neurons you are silencing in the arcuate nucleus.

RESPONSE: WE AGREE THAT THE MENTION OF THE KISSPEPTINERGIC
NEURONS IN THE ARC AND ALSO IN THE ROSTRAL HYPOTHALAMUS MUST BE
INCLUDED IN THE INTRODUCTION SO THE RESULTS ARE EASY TO INTERPRET,
WE ADDED THE FOLLOWING SENTENCES TO CLARIFY THIS ISSUE:



“As an example, it has been shown that the fluctuation in estradiol levels during the estrous
cycle regulates the secretion of GnRH, however, GnRH-neurons does not express the
estradiol receptor isoform needed to detect such changes. Two populations of neurons
expressing these receptors are located in the rostral periventricular region of the third
ventricle and in the arcuate nucleus, respectively, and stablish synapses with GnRH-neurons.
There is evidence to suggest that these neurons interpret the concentration of estradiol and
then stimulate the activity of GnRH-neurons by releasing kisspeptin, a potent inductor of
GnRH secretion.®”

4. The rationale for selecting the suprachiasmatic and arcuate nuclei as targets was not
clearly explained in the introduction. Because reproductive assessments are part of the
methodology, it would be helpful to provide a few sentences describing the reason for
choosing these nuclei.

RESPONSE: WE AGREE, AN EXPLANATION FOR CHOOSING BOTH NUCLEI WAS
LACKING. IN ORDER TO AVOID AN UNNECESSARY LENGTHENING OF THE
INTRODUCTION BESIDES THE ADDITION OF THE PARTICIPATION OF THE
KISSPEPTIN ARC NEURONS IN THE REGULATION OF GNRH SECRETION, WE
CLARIFIED THIS ISSUE IN THE SECTION THAT DESCRIBES THE EXPERIMENT
PERFORMED TO OBTAIN THE REPRESENTATIVE RESULTS, THE FOLLOWING
PARAGRAPH WAS ADDED:

“The protocol described above was tested by evaluating the effects of a single TTX or vehicle
(artificial cerebrospinal fluid; ACSF) microinjection into one of two different nuclei known
to be involved in the regulation of ovulation in the rat: the suprachiasmatic and the arcuate
nucleus. The suprachiasmatic nucleus was chosen since it contains the central circadian
pacemaker in mammals. It is involved in the regulation of cyclic events as the secretion of
gonadotropins. The arcuate nucleus was chosen because it contains a population of neurons
that express estradiol receptors, which stimulates GnRH secretion during most of the estrous
cycle.”

5. The use of this cannula technique in freely-moving rodents extends well beyond the
field of reproduction. While other applications of the technique are mentioned briefly
in the discussion, it might be helpful to expand on this discussion and explain what fields
or behavioral tasks might benefit from this technique and why.

RESPONSE: WE MENTIONED DIFFERENT AREAS OF RESEARCH THAT
BENEFICIATED FROM THIS METHODOLOGY, RANGING FROM PHYSIOLOGICAL
TO BEHAVIORAL ASSESSMENT. IN THE DISCUSSION WE ALSO MENTIONED



THAT ONE OF THE ADVANTAGES OF THIS PROTOCOL IS ITS FLEXIBILITY. IT
CAN BE ADAPTED TO TEST HYPOTHESIS IN SEVERAL FIELDS BY EMPLOYING
DIFFERENT SPECIES, BRAIN AREAS AND DRUGS. IN THIS SENSE, AND
CONSIDERING THAT OUR LABORATORY SPECIALIZES ONLY IN
ENDOCRINOLOGY AND CHRONOBIOLOGY, WE WOULD LIKE THE READER TO
DECIDE IF THE METHOD IS USEFUL TO RESPOND TO HIS/HER SPECIFIC
RESEARCH QUESTION.

Specific Points:

1. At the end of the results, there is an incorrect conclusion that the data discards the
possibility that the drug may leak into the third ventricle and inhibit the activity of
more brain structures. This manuscript did not directly assess the effects of a third
ventricle TTX injection, nor was there any analysis to indicate that there was no spread
of the injection along the third ventricle (e.g. analysis of injection spread). There are
other brain regions along the third ventricle, primarily the anteroventral
periventricular (AVPV) and periventricular (PeN) nuclei, that are known to regulate
ovulation. Thus, it is possible that while targeting the SCN or the ARC nuclei, the 3rd
ventricle was hit and the TTX spread to the AVPV/PeN. Without conclusive data
showing the spread of the TTX injection, it is premature to suggest the TTX did not
spread to other regions.

RESPONSE: WE AGREE THAT NO DIRECT ANALYSIS OF THE SPREAD WERE
PERFORMED IN THIS STUDY. THE CLAIM THAT TTX WAS NOT DIFFUSING INTO
THE THIRD VENTRICLE WAS BASED IN THE RESULTS FROM RATS INJECTED
INTO THE ANTERIOR COMMISSURE AND THE RETROCHIASMATIC AREA,
WHICH ARE BOTH ALSO NEAR TO THE THIRD VENTRICLE, JUST A BIT MORE
ROSTRAL TO THE SCN AND THE ARC, RESPECTIVELY. ALSO, THE DYE-
INJECTED RATS ONLY SHOWED STAINED NEURONS NEAR THE TIP OF THE
CANNULAS ALTHOUGH THIS COULD BE DUE TO DIFFERENCES INHERENT TO
THE TTX AND DYE MOLECULE. AS WE DO NOT PROVIDE DIRECT EVIDENCE
THAT INDICATES, WITH NO DOUBT, WHICH TTX DID NOT DIFFUSE INTO THE
VENTRICLE, THE FOLLOWING SENTENCES WERE MODIFIED TO INDICATE
THIS:

“The results in Figure 34-B represent the ovulatory outcome of animals that were treated
with ACSF or TTX. However, as determined after histological confirmation, their cannulas
were located outside the intended region. Most of these cannulas were placed in the anterior
commissure or the retrochiasmatic area, two areas that do not contribute to the regulation
of ovulation. Both of these structures along with the suprachiasmatic and the arcuate nucleus
are very close from the third ventricle, considering this, a blockade of ovulation would be
expected in all animals if the drug leaked into the ventricle. The fact that TTX microinjection



outside the targets failed to block ovulation suggests that the volume of TTX infused at the
rate selected did not leak into the ventricle, hence revealing the region-specific effects of
TTX. In support of this idea, histological analysis of the brain slices only showed stained
neurons near the tip of the guide cannulas. However, we must clarify that no direct
assessment of the spread of the drug was performed and hence this conclusion should be
further addressed.”

2. On a related note, the discussion references a procedure for injecting dyes at the time
of euthanasia to test for injection spread. How does the injection spread of methylene
blue at the time of euthanasia compare to the injection spread of TTX? What is the
evidence that the spread of these two substances is comparable?

RESPONSE: ADDRESSING THE SPREAD OF DRUGS INJECTED INTO THE BRAIN
OF BEHAVING ANIMALS IS A PROBLEM THAT STILL DID NOT HAVE A
DEFINITIVE SOLUTION. AS INDICATED IN THE MANUSCRIPT, THE DIFFUSION
OF SUBSTANCES MICROINJECTED INTO THE BRAIN DEPENDS MAINLY ON THE
VOLUME INJECTED, THE RATE OF INFUSION AND THE MOLECULAR WEIGHT
OF THE SUBSTANCE (ALTHOUGH OTHER CHARACTERISTICS AS THE
ELECTROCHEMICAL PROPERTIES OF THE MOLECULE WOULD BE EXPECTED
TO BE ALSO INVOLVED). CONSIDERING THIS, WE SELECTED METHYLENE
BLUE DUE TO A SIMILAR MOLECULAR WEIGHT AS COMPARED WITH THE
OTHER WORKING DYES BUT IT IS TRUE THAT THIS ONLY DEPICTS THE
APPROXIMATE AREA THAT TTX COULD OCCUPY. THE
IMMUNOHISTOCHEMICAL PROCEDURE IS ALSO DISCUSSED AND IT IS A VERY
ACCURATE WAY TO DETECT THE SPREAD OF A TOXIN, BUT THEIR
LIMITATIONS MAKES IT LESS USEFUL IN THIS KINF OF EXPERIMENTS DUE TO
THE CLEARANCE OF THE DRUG FROM THE BRAIN, WHICH OCCURS
RELATIVELY FAST. THE USE OF RADIOLABELED TTX COULD BE ALSO USED,
BUT THE LIMITATION OF THE METABOLISM OF SUCH KIND OF DRUG IN
STUDIES THAT DEPEND OF THE SURVIVAL OF THE ANIMALS FOR SEVERAL
DAYS AFTER THE INJECTION MAKE IT UNRELIABLE. IN ADDITION, THE
COMPLICATIONS INHERENT TO WORK AND DISPOSE OF THE RADIOACTIVE
MATERIAL, EVEN AT A VERY LOW CONCENTRATION, INTRODUCES NEW
COMPLICATIONS TO THE EXPERIMENTS. WE MODIFIED THE FOLLOWING
SENTENCES TO CLARIFY THIS:

“If a more accurate control of dispersion is needed, the injection of radiolabeled TTX or the
implementation of immunohistochemistry against regular TTX with commercially available
antibodies can be performed. Besides a better delineation of the area covered by the drug,
these two approaches are limited by the clearance of the TTX from the tissue, which must be
considered if the animal should survive several days after the microinjection, on the other



hand, working and disposing of radioactive material will introduce new steps and security
issues that could not be compatible with all laboratories and protocols. ”

3. In the discussion, there is a statement that the cannula implantation was aimed to be
0.5-2mm above the target site because these mice returned to normal estrous cycles
faster than mice with the cannula in the target region. This point is very important
because it suggests that the cannula placement in the target region may be destroying
key fibers of passage or disrupting neurons in other ways. This caveat should also be
addressed specifically in the methodology.

RESPONSE: WE ADDED THE FOLLOWING NOTE JUST BELOW STEP 5.2.6 TO
ADDRESS THIS ISSUE IN THE PROTOCOL.:

“NOTE: It is important that the tip of the guide cannulas targets a region ranging from 0.5
to 2.0 mm above the region of interest. This is due to the inflammatory reaction of the brain
in response to the introduction of foreign bodies and to the destruction of the tissue. This is
especially critical if the region of interest is small and the working distance must be
calculated empirically in advance.”

4. In 7.4, it states that the stage of the cycle and time of day should be considered for
selecting a day for micro-injection. Please clarify and specify what day/cycle stage the
authors selected for micro-injection, particularly because in 5.1.4, the authors state that
they specifically chose to do cannula surgery during diestrus as it resulted in a faster
recovery time.

RESPONSE: THE STATEMENT IN STEP 5.1.4 REFERS TO THE STAGE OF THE
CYCLE IN WHICH RATS SHOW A BETTER RECOVERY FROM SURGERY.
SEVERAL EXPERIMENTS FROM OUR LAB HAVE SHOWN THAT RATS
OPERATED IN ESTRUS OR METESTRUS TAKE LONGER TO RECOVER THEIR
ESTROUS CYCLES THAT RATS OPERATED IN DIESTRUS (UNPUBLISHED).
ALTHOUGH THERE IS NOT A CONCLUSIVE ANSWER TO THIS RESULTS, WE
THINK THAT IT IS RELATED TO THE DIFFERENCES IN THE RESPONSE TO
DIFFERENT STRESSORS THAT ARE EXHIBITED BY RATS IN DIFFERENT STAGES
OF THE CYCLE. THIS DIFFERENTIAL RESPONSE WAS REVIEWED BY LOVIVK
(doi: 10.1590/S0100-879X2012007500044). WE MODIFIED THIS STEP TO BRIEFLY
CLARIFY THIS ISSUE:

“5.1.4 Attach the cannula to the stereotaxic holder. Ask the assistant to bring the first animal
to be operated into the room. Select rats in diestrus for surgery, since observations from our



lab indicate that these animals recover proper estrous cycles quicker than rats operated in
other stages, probably because the response to stress changes along with the estrous cycle.”

ON THE OTHER HAND, STEP 7.4 REFERS TO THE SPECIFIC HYPOTHESIS TESTED
BY THE RESEARCHER, THE DAY AND TIME OF MICROINJECTION DEPENDS
ENTIRELY ON SUCH HYPOTHESIS. AS THE TEXT WAS NOT VERY INTUITIVE IN
OUR INITIAL MANUSCRIPT, WE MODIFIED THIS PARAGRAPH:

“7.4 Select the rats that will be microinjected. Use only rats that showed at least three
consecutive cycles after the surgery. Consider their stage of the cycle and the time of the day.
Both the time and the stage depends on the specific hypothesis that you will test, for this
experiment 14:00 hours of proestrus selected since the nervous preovulatory signals
governing phasic GnRH secretion occur at this moment.”



Comments from Peer-Reviewer #5:

Reviewer #5:
Manuscript Summary:

As a manuscript for presenting its procedural contents as a video, this is very well written
manuscript, providing very detailed and easy to follow procedures. Only minor typos were
found such as 'weight' was written in the place of ‘weigh' (Page 7, 5.1.5) and 'storage’ in the
place of 'store' (Page 10, 6.1.4).

It was an interesting but a smart choice that inhibiting ovulation control by TTX injection
was chosen as a subject of this manuscript, because the anatomical and functional structure
of the hypothalamus is already well characterized. Not critical, however, this reviewer finds
it odd why the following additional experiments were performed:

1. Determination if the TTX-induced blockage of ovulation was truly transient as
indicated in the introduction of the manuscript. If the animals were given an enough
time (say two weeks) after TTX administration, will they ovulate? If ovulated, that will
tell that the impact was definitely transient and there were no or minimal tissue damage
in the hypothalamus.

RESPONSE: AS YOU MENTION, WE DID NOT ALLOWED A GROUP OF RATS TO
RECOVER FROM THE MICROINJECTION FOR A LONGER TIME IN THIS SHORT
EXPERIMENT, HOWEVER, THERE IS EVIDENCE THAT ALLOW US TO
CONCLUDE THAT THE BLOCKADE IS TRANSIENT RATHER THAN PERMANENT.
FIRST, WE PUBLISHED AN ARTICLE LAST YEAR IN WHICH THIS METHOD WAS
USED TO BLOCK THE ACTIVITY OF THE SUPRACHIASMATIC NUCLEUS AT THE
“CRITICAL WINDOW” OF EACH STAGE OF THE ESTROUS CYCLE (doi:
10.1113/EP087942.). IN THE EXPERIMENTS PERFORMED  THERE,
MICROINJECTIONS OF THE TTX WHERE ALSO PERFORMED OUTSIDE THE
CRITICAL WINDOW (17:00 H RATHER THAN 14:00 H) AND THOSE ANIMALS
OVULATED THE NEXT DAY. THIS RESULT REVEALS THAT THE BLOCKADE OF
OVULATION WAS NOT DUE TO PERMANENT DAMAGE TO THE BRAIN INDUCED
BY THE MICROINJECTION OF THE TTX. SECOND THE CLASSIC ARTICLE BY
EVERETT AND SAWYER, IN WHICH OUR PAPER WAS BASED (doi: 10.1210/endo-
47-3-198.), SHOWED THAT RATS INJECTED WITH BARBITURATES DURING THE
“CRITICAL WINDOW” OVULATE WITH A DELAY OF EXACTLY 24 HOURS,
INDICATING THAT A CIRCADIAN NEURAL SIGNAL WAS INVOLVED IN THE
REGULATION OF THE PREOVULATORY SURGE OF GONADOTROPINS. WE
ADDED THE FOLLOWING SENTENCES TO DISCUSS THIS ISSUE, HOWEVER, WE
WOULD NOT LIKE TO INTRODUCE AN EXCESS OF NEUROENDOCRINE DETAILS
IN THE MANUSCRIPT SINCE THOSE COULD CONFOUND THE READER SINCE
JOVE IS A PROTOCOL-BASED JOURNAL.



“The effects of the TTX microinjection seems to be transitory rather than permanent since a
previous experiment showed that rats injected in the suprachiasmatic nucleus outside the
“critical window” ovulated at the expected day of estrus.26 However, the inclusion of control
groups in which the animals are sacrificed with a 24 hour or until a clear vaginal smear of
estrus is attained is also recommended to address this issue.”

2. Brain (hypothalamus) histology. Brains were collected but no histology was presented
with an indication to be used for confirming injection sites and assessing the degree of
tissue damage. If such histology was performed, it would be possible to determine if the
potential tissue damage in the hypothalamus by the cannulation or injection itself a
contributing factor for the ovulation blockage.

RESPONSE: we agree that micrographs showing the histology of the tissues examined would
be helpful for the reader. We added two new figures to the manuscript, Figure 2 contains
coronal sections of the brain of an intact rat showing the region of interest, a properly
cannulated rat and also an animal with a misplaced cannula representing a common error in
these surgeries. In addition, we added Figure 1 to provide an easy way to determine the stage
of the estrous cycle of the animals in hematoxylin-eosin stained samples. The following
figure legends were added accordingly:

“Figure 1. Vaginal smears representative of each stage of the rat estrous cycle. Estrus (A)
is characterized for the presence of epithelial cornified cells without a nucleus that can be
found either alone of forming cumulous as a result of epithelial desquamation. In metestrus
(B) some of these cornified cells can still be present, but are outnumbered by leukocytes,
which are also the predominant cell type in Diestrus (C). Proestrus samples (D) are
characterized by they viscous consistence and the predominance of epithelial nucleated cells.
Scale bar in each panel represents 10 um.”

“Figure 2. Histological examination of samples after euthanasia. Brain coronal sections at
the arcuate nucleus (ARC) and median eminence (EM) region of an intact rat (A), a
bilaterally-cannulated rat (B) and a rat with a misplaced cannula (C). The asterisks point at
the area where the tip of the guide cannulas were located, in B the tips where at the basal
margin of the ventromedial nucleus (VMH) allowing the protruded injectors to reach the
upper margin of the ARC. In C one cannula was located inside the third ventricle (3V),
resulting in a non-localized ventricular microinjection. This is a common mistake when the
target is located near to the midline and data from these animals must be discarded. When
performed properly, the extraction of oocytes should result in a single drop of viscous fluid
containing all the oocytes from the examined oviduct as seen in panel (D). Scale bar in each
panel represents 500 pum.”



3. Blocking or delaying ovulation. Did the TTX injection block ovulation or delayed it?
As indicated in the manuscript (Discussion section), TTX's biological effect would last
only for a few hours. If so and if the oviduct was examined 12 or 24 hours later,
ovulation would occur in the TTX injected ones...a few hours later than controls?

RESPONSE: IN ADDITION TO OUR RESPONSE IN QUESTION 1, WE WOULD
EXPECT OVULATION TO OCCUR AT A DIFFERENT MOMENT. IN THE
MANUSCRIPT WE REFER TO “A BLOCKADE OF OVULATION” WHEN
OVULATION DOES NOT OCCUR AT THE EXPECTED TIME, BUT BY NO MEANS
HAS THIS IMPLIED THAT OVULATION WILL NOT OCCUR AT ANY OTHER
GIVEN TIME. THIS IS RELEVANT IN NATURAL ENVIRONMENTS, SINCE THE
CIRCADIAN SYSTEM OF MAMMALS COORDINATE PROCESSES AS
RECEPTIVITY AND OVULATION TO OCCUR AT CERTAIN PHASES OF THE DAY
SO THEY COINCIDE WITH THE ACTIVITY PATTERNS OF THE MALES.
ALTERATIONS IN THE FORAGING ACTIVITY OR IN THE NEUROENDOCRINE
EVENTS LEADS TO THE FAILURE OF CONCEPTION.



