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22 SUMMARY:
23 We present protocols for generating acute and chronic experimental models of tic expression in
24 freely behaving rats. The models are based on striatal cannula implantation and subsequent
25  GABAa antagonist application. The acute model uses transient injections whereas the chronic
26  model utilizes prolonged infusions via a subcutaneous implanted mini-osmotic pump.
27
28  ABSTRACT:
29  Motor tics are sudden, rapid, recurrent movements that are the key symptoms of Tourette
30 syndrome and other tic disorders. The pathophysiology of tic generation is associated with
31 abnormal inhibition of the basal ganglia, particularly its primary input structure, the striatum. In
32  animal models of both rodents and non-human primates, local application of GABAa antagonists,
33  such as bicuculline and picrotoxin, into the motor parts of the striatum induces local disinhibition
34  resulting in the expression of motor tics.
35
36  Here, we present acute and chronic models of motor tics in rats. In the acute model, bicuculline
37  microinjections through a cannula implanted in the dorsal striatum elicit the expression of tics
38 lasting for short time periods of up to an hour. The chronic model is an alternative enabling the
39 extension of tic expression to periods of several days or even weeks, utilizing continuous infusion
40  of bicuculline via a sub-cutaneous mini-osmotic pump.
41
42  The models enable the study of the behavioral and neural mechanisms of tic generation
43  throughout the cortico-basal ganglia pathway. The models support the implantation of additional
44  recording and stimulation devices in addition to the injection cannulas, thus allowing for a wide
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variety of usages such as electrical and optical stimulation and electrophysiological recordings.
Each method has different advantages and shortcomings: the acute model enables the
comparison of the kinematic properties of movement and the corresponding electrophysiological
changes before, during and after tic expression and the effects of short-term modulators on tic
expression. This acute model is simple to establish; however, it is limited to a short period of
time. The chronic model, while more complex, makes feasible the study of tic dynamics and
behavioral effects on tic expression over prolonged periods. Thus, the type of empirical query
drives the choice between these two complementary models of tic expression.

INTRODUCTION:

Tics are the defining symptom of Tourette syndrome (TS) and other tic disorders. Tics are
described as sudden, rapid, recurrent movements (motor tics), or vocalizations (vocal tics)?. Tic
expression typically fluctuates in its temporal (frequency)?and spatial (intensity, body
location)? properties over multiple time scales (hours, days, months, and years). These changes
are affected by different factors, such as environmental features*>, behavioral states®’, and
voluntary and temporary suppression®.

Although the neuronal mechanism governing motor tics is still not fully understood, an increasing
number of theoretical and experimental studies have provided new evidence as to its nature®.
Currently, the pathophysiology of tic generation is thought to involve the cortico-basal ganglia
(CBG) loop, and specifically is associated with abnormal inhibition of the striatum, the primary
basal ganglia input nucleus'®?2, Previous studies in rodents and primates have demonstrated
that the striatum can be disinhibited by local application of different GABAa antagonists, such as
bicuculline and picrotoxin318, This pharmacological intervention leads to transient motor tic
expression in the contralateral side to the injection, thus establishing a robust acute model of tic
disorders with face and construct validity. The acute model is simple to induce and makes it
possible to study the effects of short-term modulation such as electrical and optical stimulation
concurrent with electrophysiological and kinematic recordings before, during and after tic
expression. However, the acute model is limited to the short time period following the injection.
Based on the acute model, we recently proposed a chronic model of tic generation in rats that
utilizes a prolonged, fixed-rate infusion of bicuculline to the striatum via a subcutaneous-
implanted mini-osmotic pump?®®. This model extends the period of tic expression to multiple
days/weeks. The constant release of bicuculline over a lengthy period of time allows for the
examination of the effects of a variety of factors such as pharmacological treatments and
behavioral states on tic expression.

Here, we present protocols for generating the acute and chronic models of tic expression in rats.
As a function of the specific research question, the protocols enable the fine-tuning of the
parameters including unilateral versus bilateral implantation, the site of the tics (according to the
somatotopic organization of the striatum)*® and the angle of the implant-cannula (depending on
the location of additional implanted devices). The method used in the chronic model is partially
based on commercial products but with critical adjustments to fit the tic model. This article
details the adjustments needed to custom tailor these tic models.
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PROTOCOL:

All procedures were approved and supervised by the Institutional Animal Care and Use
Committee and adhered to the National Institutes of Health Guide for the Care and Use of
Laboratory Animals and the Bar-llan University Guidelines for the Use and Care of Laboratory
Animals in Research. This protocol was approved by the National Committee for Experiments in
Laboratory Animals at the Ministry of Health.

NOTE: This protocol utilizes female Long-Evans rats (acute and chronic models) and female
Sprague Dawley rats (acute model) aged 3-10 months, 280-350 g. The implementation of these
models in other strains, weights or ages should be tested carefully for different reaction.

1. Acute model

1.1.  Pre-surgery preparation

1.1.1. Implant-cannula preparation

NOTE: The implant-cannula enables local bicuculline injections into the striatum.

1.1.1.1. Cut a stainless steel, 25 G (OD 0.02", ID 0.015") hypo-tube to obtain an implant-
cannula (Figure 1, device #1). Use a rotary tool to achieve straight edges. The length of the
cannula depends on the implantation target depth, the angle of cannula implantation, and the
final cemented cap height. The implantation target depth needs to be 2 mm (0.079") higher than
the final injection target to prevent tissue damage.

NOTE: The highest object implanted determines the cap height.

1.1.1.2. Sand and smooth the implant-cannula edges, preventing additional mechanic
friction to the brain. Insert a 30 G (0.01") needle through it to remove any internal obstructions.

1.1.2. Dummy preparation

NOTE: The dummy is a removable internal wire placed inside the implanted cannula. The dummy
seals the implanted cannula, thus preventing its obstruction.

1.1.2.1 Make a dummy by cutting a 0.013" wire with a rotary tool. The dummy should be 3 mm
(0.118") longer than the implant-cannula length (Figure 1, device #2).

1.1.2.2 Insert the dummy into the implant-cannula until it reaches the end. Bend the excess wire
by pinching it against the cannula. The bent part should be flush with the implant-cannula to
prevent the dummy from falling out of the implanted cannula, and to prevent the rat from
removing it.
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1.1.3 Injector preparation

NOTE: The injector, composed of a flexible tube and an injection-cannula (Figure 1, device #3),
enables direct bicuculline injection into the striatum.

1.1.3.1 Cut a 70 cm (27.559") flexible polymer microbore tube (OD 0.06", ID 0.02") (Figure 1,
device #3.1).

NOTE: The length of the flexible tube is defined by the distance between the experimental cage
and the infusion pump machine location. It must be long enough to enable free movement of the
rat during the injection period, but not too long, to avoid the rat getting tangled in it (see Figure
3A).

1.1.3.2 Cut a stainless steel, 30 G (OD 0.012", ID 0.007") hypo-tube to obtain injection-cannula
(Figure 1, device #3.2). Use a rotary tool to achieve straight edges. It should measure 5 mm
(0.197") longer than the implant-cannula: 2 mm (0.079") longer than the implanted cannula
within the brain to reach the final injection target, and 3 mm (0.118") to insert it into the flexible
tube.

1.1.3.3 Sand and smooth the tip of the injection-cannula, preventing additional mechanic friction
to the brain. Insert a wire measuring 0.005" diameter to verify that it is unobstructed.

1.1.3.4 Insert 3 mm (0.118") of the injection-cannula into the flexible tube and glue the joint
between them, to obtain an injector. Use cyanoacrylate (CA) glue and CA accelerator.

1.1.3.5 Attach a syringe with 25 G needle (0.018") filled with sterile water to the injector and
wash it through. This ensures that the flow orientation coming out of the injection-cannula is
straight and effortless. Crucially, if the flow is not straight, use the tip of 30 G (OD 0.01") needle
to remove any obstructions and enlarge the injection-cannula hole, and re-verify the flow.

1.1.4 Cannula-holder preparation

NOTE: The cannula-holder is connected to the stereotaxic arm and holds the implant cannula
during the implantation. The cannula-holder consists of cannula-holder base and cannula-holder
lead, which are glued together (Figure 1, device #4). During the implantation, the cannula-holder
base is attached to the stereotaxic arm, and the cannula-holder lead is attached to the implant-
cannula.

1.1.4.1 Cannula-holder base: Cut 10 cm (3.947") of stainless steel, 22 G (OD 0.028", ID 0.017")
hypo-tube (Figure 1, device #4.1).

1.1.4.2 Cannula-holder lead: Cut 0.013" wire to a length of 3 mm (0.118") longer than the desired
implant-cannula (Figure 1, device #4.2).
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1.1.4.3 Insert the cannula-holder lead into the cannula-holder base and glue the joint between
them, using CA glue and CA accelerator. The lead should be 1 mm (0.039") shorter than the
implant-cannula, to avoid tissue damage during implantation.

1.1.5 Bicuculline preparation: dissolve bicuculline methiodide in physiological saline or artificial
cerebrospinal fluid (ACSF) to a final concentration of 1 ug/uL. Divide the dissolved bicuculline into
1 mL syringes, cover with aluminum foil, and freeze at -20 °C until needed. When necessary, thaw
the syringe before use.

1.2 Surgery

1.2.1 Induce initial anesthesia by placing the rat in a designed chamber and deliver 4-5%
isoflurane mixed with an oxygen at a rate of 0.5-1 L/min. Then, inject the rat intramuscular (IM)
with Ketamine and Xylazine (100 and 10 mg/kg, respectively) mixture.

1.2.2 Shave the rat's head using an electric clipper.

1.2.3 Putlidocaine gel in the rat's ears. Put petroleum jelly on the rat's eyes to prevent corneal
drying and trauma.

1.2.4 Secure the rat in the stereotactic frame using ear bars and toothbar.

1.2.5 Swab the rat's scalp with povidone iodine and then with alcohol wipe to sterilize the area.
Infiltrate along the desired incision line with 1% lidocaine solution subcutaneously (SC). Using a
scalpel blade, make an incision along the scalp.

1.2.6 Pull the fascia toward the edges to open the surgical area.

1.2.7 Clean the skull with sterile saline, using cotton swabs. In case of bleeding, use a cauterizer
to cauterize the blood capillary. This step is crucial for cap stability over time.

1.2.8 Clamp the fascia with five curved hemostats (two anterior, two posterior and one in the
back of the incision) to enlarge the surgical site.

1.2.9 Measure the bregma and lambda coordinates. Level the dorsoventral (DV) coordinates of
the two points, so that they are within a range of 100 um.

1.2.10 Using the stereotaxic apparatus, measure and mark the coordinates of the areas of
interest and the anchor screws to be implanted. The straight-implantation cannula coordinates
for tic induction in the forelimb area are: AP: +1 to +1.5, mL: £2.5, DV: 3; hindlimb area: AP: -0.4
to -0.5, mL: +3.5, DV:318 20,

NOTE: In case of the implantation of multiple devices that prevent implanting cannula straight,
change the angle of cannula implantation and its coordinates accordingly (forelimb coordinates:
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AP: +2.7, mL: £2.5, DV: 3, angle 15° from anterior to posterior).

1.2.11 Drill holes in the skull under the microscope. Use a dental drill machine with 1/4-1/2 bit
size carbide round burs. To minimize risks of brain injury, adjust the drill speed according to
drilling skills and avoid any mechanic pressure. Drill until the brain is visible, for about 1 mm.

Absorb any blood with a cotton swab and wash with sterile saline.

NOTE: The anchor screws serve to stabilize the cap. Make sure the screws are located in both
hemispheres and along the anterior-posterior axis.

1.2.12 Cannula implantation
1.2.12.1 Screw the anchor screws into the holes. Use stainless steel #0 x 1/8 size screws.

NOTE: The number of anchor screws depends on the total number of implanted devices. Ground
screws (e.g. for the electrical recordings or electrical stimulations) should reach the brain surface.

1.2.12.2 Attach the cannula-holder to the stereotaxic arm.

1.2.12.3 Slide the implant-cannula onto the cannula-holder. Slowly position the implant-
cannula above the hole until it reaches the brain.

1.2.12.4 Measure the DV coordinates starting from brain surface. Lower the implant-
cannula up to the implantation target. Absorb any blood coming out of the hole with a cotton
swab, wash with sterile saline and then dry thoroughly.

1.2.12.5 Glue the implanted cannula to the skull using gel glue. Wait until dry.

1.2.12.6 Apply dental cement along the implanted cannula to attach it to the skull. Leave 2
mm (0.079") extend from its upper end to enable dummy insertion. Wait until dry.

NOTE: Do not put cement on the cannula-holder.

1.2.12.7 Lift the cannula-holder, leaving the implanted cannula in place.
1.2.12.8 Insert the dummy into the implanted cannula.
1.2.12.9 Implant all other devices such as recording arrays, optic fibers, stimulation

electrodes etc. Apply dental cement over the rest of the skull, covering all the implants.
1.2.12.10 Inject 3 mL of room temperature Ringer’s solution and carprofen 5 mg/kg SC?*.

1.2.12.11 Monitor the rat until it regains consciousness (animal is upright, has control of its
airway and is not in danger of aspiration). Return the rat to its home cage for full recovery.
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13 Microinjections
NOTE: During the injection, it is crucial to verify that the flow of the bicuculline is intact. This can
be done by letting a small air bubble form in the injector and monitoring its movement. The

remaining volume of the injector may be filled with saline, so that no bicuculline is wasted.

1.3.1 Attach the injector to a bicuculline syringe with a 25 G needle (OD 0.018"). Fill ~1/3-1/2
of the injector and remove the syringe, allowing for the formation of a small air bubble.

1.3.2 Attach the injector to a sterile saline-filled syringe with a 25 G needle (OD 0.018"). Fill the
injector until the bicuculline reaches the end and a small drop comes out of it.

1.3.3 Remove the plunger of a 10 uL precision glass microsyringe.

1.3.4 Cut and attach a short-flexible polymer tube (~3 cm, 1.181") to the precision glass
microsyringe.

1.3.5 Connect the other end of the short-flexible tube to a 1 mL syringe, 25 G needle (OD
0.018") filled with sterile water.

1.3.6 Inject water through the short-flexible tube into the precision glass microsyringe until
water comes out of it. Disconnect the short-flexible tube.

1.3.7 Reinsert the plunger until it reaches the ~7 uL mark on the precision glass microsyringe.

1.3.8 Insert the precision glass microsyringe into the destined slot in the infusion pump
machine.

1.3.9 Attach the injector to the precision glass microsyringe and configure the settings to a rate
of 0.35 pL/min and a total volume of 0.35 pL.

1.3.10 Put a paper wipe under the injector tip. Mark the air bubble location on the injector, start
the infusion pump machine and verify that a bicuculline drop appears. After the injection, mark

the air bubble location again.

NOTE: The difference between the two marks corresponds to the difference during the
experiment.

1.3.11 Put the rat in the experimental cage and remove the dummy.
1.3.12 Insert the injector into the implanted cannula through the end (see Figure 3A).

1.3.13 Start the infusion pump machine. Verify that the air bubble is moving. Start the stopwatch
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to keep track of tic initiation and termination times.

1.4.15 One minute following the injection, remove the injector and slowly reinsert the dummy.
NOTE: Inserting the dummy after the injection pushes the bicuculline into the injection target.
1.4 Post injection

1.4.1 Disconnect the injector from the precision glass microsyringe.

1.4.2 Wash out the remaining solution from the injector, using an air-filled syringe. Clean the
injector with sterile water and then drain it by injecting air through the injector.

1.4.3 Disconnect the precision glass microsyringe from the infusion pump machine and clean it
with sterile water.

2. Chronic model
2.1 Pre-surgery preparation
2.1.1 Cannula-guide preparation

NOTE: The cannula-guide is part of the infusion-tube and is used to attach the infusion-cannula
to the cannula-holder during the implantation.

2.1.1.1 Cut 12 mm (0.472") of stainless steel, 25 G (OD 0.02", ID 0.015") hypo-tube to obtain a
cannula-guide (Figure 2, device #1). Use a rotary tool to achieve straight edges.

2.1.1.2 Prepare a cannula-holder as described in step 1.1.4. Insert the cannula-holder into the
cannula-guide to verify it is properly attached and remove it.

2.1.2 Infusion-cannula preparation

NOTE: The infusion-cannula is also a part of the infusion tube. It is implanted into the final
target of the striatum and allows focal infusion of bicuculline.

2.1.2.1 Cut stainless steel, 30 G (OD 0.012", ID 0.007") hypo-tube to obtain an infusion-cannula.
Use a rotary tool to achieve straight edges. The total infusion-cannula length is the sum of the
desired implantation depth plus a safety factor (~1-2 mm, 0.039"-0.079"), the infusion-cannula
bent part (2 mm, 0.079"), the overlap with the cannula-guide (3 mm, 0.118"), and the
horizontal part (4 mm, 0.157") (Figure 2, device #2).

NOTE: Unlike the acute model, the implantation depth is equal to the final infusion target.
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2.1.2.2 Insert a 0.005" diameter wire into the infusion-cannula and bend them into an L shape
in the intended location. The vertical part corresponds to the desired implantation depth plus
4-5 mm (0.157"-0.197"), and the horizontal part is 4 mm (0.157") long.

NOTE: The insertion of the inner wire prevents obstruction of the cannula during bending.
2.1.3 Flexible catheter-tubing preparation

NOTE: It is also a component of the infusion-tube. It connects the infusion-cannula to the mini-
osmotic pump via a tubing-adapter.

2.1.3.1 Cut 8 cm (3.149") of polyethylene (PE)-10 tubing (1D 0.011", OD 0.025") (Figure 2, device
#3).

NOTE: The length of the catheter is determined by the distance between the implantation
target and pump location, allowing free movement of the rat’s head and neck (see Figure 3B).

2.1.4 Assembly of the infusion-tube. The infusion-tube conducts the bicuculline from the
mini-osmotic pump to the brain. It consists of the cannula-guide, the infusion-cannula, the
flexible catheter-tubing, the tubing-adapter and the flow-moderator (Figure 2).

2.1.4.1 Remove the inner wire from the infusion-cannula. Inspect the cannula under the
microscope to make sure its edges are open and clean on both sides; if not, use a 30 G (OD
0.01") needle to open it.

2.1.4.2 Glue the cannula-guide to the vertical section of the infusion-cannula, near the bent
part, on the 3 mm (0.118") overlap, using CA glue and CA accelerator.

2.1.4.3 Insert the horizontal part of the infusion-cannula into the flexible catheter-tubing. The
overlap should be at least 2 mm (0.079").

2.1.4.4 Eject the translucent cap of the pump flow-moderator. This will reveal the short
stainless steel cannula tube (Figure 2, device #5.1).

NOTE: The flow-moderator is a part of the mini-osmotic pump kit. It is composed of a
translucent cap, a short cannula-part, a white flange and a long cannula-part. The long cannula-
part is inserted into the mini-osmotic pump and the short cannula-part is connected to the
catheter-tubing via tubing-adapter.

2.1.4.5 Immerse the tubing-adapter (Figure 2, device #4) in 70% alcohol. Wait several minutes
to allow the material to swell.



395 2.1.4.6 Attach the tubing-adapter to the short cannula-part of the flow-moderator, until it
396 touches the white flange (Figure 2, device #5.2). The tubing-adapter will shrink in the air to
397 form atight sealed connection.

398

399 2.1.4.7 Insert the flexible catheter-tubing into the open end of the tubing-adapter, until it
400 touches the short cannula-part of the flow-moderator.

401

402  2.1.4.8 Hold the long cannula-part (Figure 2, device #5.3) using a clip stand and glue all the
403 connections. The connections are between the tubing-adapter and white flange, the tubing-
404  adapter and the flexible catheter-tubing, and finally the flexible catheter-tubing and the

405  horizontal part of the infusion-cannula. Wait several hours until the glue is completely dry
406 (depending on the glue type).

407

408 NOTE: Use PE compatible adhesive to prevent the connections from coming loose.

409

410  2.1.4.9 Inject sterile water through the long cannula-part of the infusion tube, using a syringe
411  with a 27 G (0.014") blunt needle. Verify that the water flows smoothly through the infusion-
412  cannula. Inject air through the infusion-tube to drain the water.

413

414  2.1.5 Priming of the mini-osmotic pump

415

416  NOTE: The priming is a start-up procedure that enables the pump to start the infusion

417  immediately after the implantation.

418

419  2.1.5.1Fill a heating bath with water at body temperature (~37 °C). Fill a small beaker with
420  sterile saline and place it in the heating bath.

421

422  2.1.5.2 Wrap the mini osmotic pump with a paper wipe, and fix it vertically with the opening
423  facing upwards, using a clip holder stand.

424

425  2.1.5.3 Fill the pump with ACSF using a syringe with a 27 G (0.014") blunt needle. While

426  removing the syringe, continue to inject the ACSF to prevent air from entering. An ACSF bubble
427  will appear in the aperture of the pump.

428

429  NOTE: The initial ACSF infusion enables the rat to fully recover from surgery before tics are
430 induced. Optionally, the bicuculline-filled pump can be implanted during the primary surgery to
431  avoid the following pump replacement, but it is not optimal®®.

432

433  2.1.5.4 Attach a syringe, 27 G (0.014") blunt needle to the long cannula-part of the infusion-
434  tube and inject ACSF through it. While removing the syringe, continue to inject the ACSF, to
435  prevent air from entering. An ACSF bubble will appear in the long cannula-part.

436

437  2.1.5.5 Insert the long cannula-part into the pump, bubble to bubble. An ACSF bubble should
438  appear at the tip of the infusion-cannula.
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2.1.5.6 Place the pump in the beaker. Prime the pump, attached to the infusion-tube, for at
least 4-6 hours (at ~37 °C) preceding pump implantation. Make sure only the pump contacts the
saline.

2.2.6 Pump implantation surgery

2.2.6.1 Anaesthetize the rat according to the anesthesia protocol. See step 1.2.1.

2.2.6.2 Shave the rat's head and back, using an electric clipper, slightly posterior to the
scapulae.

2.2.6.3 Perform the basic steps in surgery, as described in steps 1.2.3-1.2.11. The incision
should be along the scalp up to the occipital bone.

2.2.6.4 Sterilize a large hemostat (~¥14 cm long, 5.512") with an alcohol pad. Insert the hemostat
through the incision and create a subcutaneous pocket in the rat’s back by alternately opening
and closing it under the skin through the midscapular line.

NOTE: The pocket should be large enough to contain the pump and allow it to move slightly.

2.2.7 Mini-osmotic pump and infusion tube implantation

2.2.7.1 Attach the cannula-holder to the stereotaxic arm and place it in the desired position for
implantation.

2.2.7.2 Remove the pump from the heating bath and place it on the rat's back covered with a
paper wipe.

2.2.7.3 Slide the cannula-guide of the infusion-tube on the cannula-holder.
2.2.7.4 Hold the pump with a hemostat and gently insert it into the subcutaneous pocket.
2.2.7.5 Implant the anchor screws.

NOTE: Implant the anchor screws after inserting the pump, to avoid blockage of the pocket
opening, and before cannula implantation to avoid cannula displacement.

2.2.7.6 Implant the infusion-cannula in the target and glue it to the skull using gel glue. Wait
until dry. The coordinates for forelimb tic induction are: AP: +1 to +1.5, mL: +2.5, DV: 5.

2.2.7.7 Apply dental cement along the infusion-cannula to fix it to the skull. Wait until dry.

2.2.7.8 Lift the cannula-holder leaving the implanted cannula in place.
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484  2.2.7.9 Implant all other devices. Apply dental cement on the rest of the skull, covering all the
485 implants. Leave enough flexible catheter-tubing in the subcutaneous pocket unfixed to enable
486  free movement of the rat.

487

488  NOTE: Make sure there are no exposed areas between the skull and the pocket opening, and
489  that the catheter is not bent.

490

491  2.2.7.10 Finalize the surgery as detailed in steps 1.2.12.10-1.2.12.11.
492

493 2.2 Pump replacement surgery

494

495  NOTE: Each mini-osmotic pump type has its own predetermined delivery infusion period.
496  Hence, the pump replacement surgery should be performed prior to the expiration date.
497

498 2.2.1 Pre-surgery preparation

499

500 2.2.1.1 Repeat steps 2.1.5.1-2.1.5.2.

501

502  2.2.1.2 Fill the pump with bicuculline using a syringe with a 27 G (0.014") blunt needle. While
503 removing the syringe, continue to inject bicuculline, to prevent air from entering.

504

505 2.2.1.3 Insert the flow-moderator (attached to its translucent cap) inside the pump.

506

507  2.2.1.4 Place the pump in the beaker. Prime the pump for at least 4-6 hours (at ~37 °C)

508 preceding pump replacement.

509

510 2.2.2 Surgery

511

512  2.2.2.1 Anesthetize the rat (see step 1.2.1.1) and shave its back using an electric clipper.

513

514  2.2.2.2 Swab the rat's back with povidone iodine and then with an alcohol wipe to sterilize the
515 area. Infiltrate along the desired incision line with a 1% lidocaine solution (SC).

516

517  2.2.2.3 Make an incision on the skin above the implanted pump. Wash the pocket with room
518 temperature ACSF and dry with gauze pads.

519

520  2.2.2.4 Detach the ACSF-filled pump from the flow-moderator using a hemostat and discard.
521

522  2.2.2.5 Remove the bicuculline-filled pump from the heating bath. Detach and discard the flow-
523  moderator from the bicuculline-filled pump.

524

525  2.2.2.6 Gently attach the bicuculline-filled pump to the implanted flow-moderator.

526
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NOTE: Steps 2.2.2.4-2.2.2.6 should be performed quickly to prevent air bubbles. However, the
pump should be inserted slowly to prevent rapid entry of bicuculline into the brain.

2.2.2.7 Press the two margins of the incision closely together, using forceps. Glue the incision
line with a tissue adhesive.

2.2.2.8 Swab the area with povidone iodine and finalize the surgery as detailed in steps
1.2.12.10-1.2.12.11.

REPRESENTATIVE RESULTS:

Protocols for generating the acute and chronic models for tic induction in rats were presented
above. The protocols cover the full preparation for surgery and experiments (Figure 1 for the
acute model, Figure 2 for the chronic model). The application of bicuculline into the motor areas
of the striatum results in the expression of ongoing motor tics. Tics appear on the contralateral
side to the application and are characterized by brief and repetitive muscle contractions. After
bicuculline application to the anterior parts of the striatum, tics are typically expressed in the
rat’s forelimb, head and/or jaw, whereas after posterior injections, tics are expressed in the
hindlimb®. In the acute model (Figure 3A), tics start to appear several minutes after the
bicuculline microinjection, last for dozens of minutes and eventually decay and cease'®. In the
chronic model (Figure 3B), tics typically start to appear on the first day following the bicuculline-
filled pump implantation®®. Tics fluctuate during the day and are most clearly observable during
the quiet-waking state®®. Tic expression remains ongoing over a period of multiple days and up
to a few weeks, depending on the type of mini-osmotic pump.

Tic expression may be monitored and quantified by simultaneous recordings of video, kinematic
sensors and neural activity!>1922, Motor tics have a stereotypic kinematic signature that can be
detected in the accelerometer and gyroscope signals (Figure 4), thus enabling the measurement
of their frequency and intensity. Tic timing can also be assessed using the local field potential
(LFP) signal throughout the CBG pathway, because of their strong concurrence!” (Figure 4). The
results presented here and additional implementations of the acute and chronic models are
described in detail in our previous works>18192223 The striatal disinhibition model in both
rodents and non-human primates replicated key properties of tic expression in Tourette
syndrome and other tic disorders concerning both motor>*8 and vocal®* tics and their expression
following a different behavioral, environmental and pharmacological interventions?%2>26,
However, existing findings form only the tip of the iceberg of the complex manifestation of tic
disorders, we believe that the model will enable the study of a wide range of such factors, ranging
from environmental effects such as sensory input, behavioral effects such as concurrent action
performance and clinical effects such as the response to different treatments.

FIGURE AND TABLE LEGENDS:
Figure 1: Schematic representation of the custom-made devices used in the acute model. (1)

Implant-cannula which is chronically implanted in the striatum. (2) Dummy, a removable inner
wire, is used to seal the implanted cannula. (3) Injector, composed of (3.1) flexible tube and (3.2)
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injection-cannula, is used for acute delivery of the bicuculline into the striatum. (4) Cannula-
holder, composed of (4.1) base and (4.2) lead, is used to hold the implant-cannula during the
implantation.

Figure 2: Schematic representation of the custom-made devices and the mini-osmotic pump
used in the chronic model. (1) Cannula-guide is used to hold the infusion-cannula during the
implantation. (2) Infusion-cannula which is chronically implanted in the striatum. (3) Flexible
catheter-tubing connects the infusion-cannula to the mini-osmotic pump. (4) Tubing-adapter
connects the flexible catheter-tubing to the flow moderator. (5) Flow-moderator is composed of
(5.1) short cannula-part, (5.2) white flange and (5.3) long cannula-part.

Figure 3: Schematic representation of the experimental setups. In the acute model, tics are
induced following a bicuculline injection using a pump-infusion machine (A). In the chronic
model, ongoing tics are achieved by prolonged infusion of bicuculline via mini-osmotic pump
implantation (B).

Figure 4: An example of synchronized signals from the kinematic and neurophysiological
recordings. Accelerometer, gyroscope and the corresponding LFP from the primary motor cortex
during tic expression. Dashed gray line: tic onset time as detected by the LFP signal.

DISCUSSION:

In this manuscript, we detailed the protocols of the acute and chronic models for tic induction in
a freely behaving rat. These protocols describe the preparation of all components, the surgery
and the experimental process which can be adapted for customization to meet specific research
needs. The primary principle underlying these models is the direct local application of bicuculline
to the motor areas of the striatum, which is known to play a key role in the pathophysiology of
tic disorders®?*?, In both models, bicuculline is delivered to the target through custom-made
implanted cannulas. The specific cannula implantation target depends on the desired body
location of tic expression. The striatum is somatotopically organized?’-3°. Application of
bicuculline to its anterior parts leads to tic expression in the forelimb, jaw, and head, whereas its
application to the posterior parts results in hindlimb tics®. Moreover, application to the ventral
striatum (nucleus accumbens — NAc) leads to hyperactivity3!. The models enable the implantation
of cannulas in both hemispheres and in both striatal targets for simultaneous injection to produce
bilateral symptoms. This method is not only applicable to tic expression models, but also valid in
other neuroscience models that require injection of neuroactive compounds.

In the acute model, we suggest implanting the cannula 2 mm (0.079") above the injection target
to prevent tissue damage to the target area. To minimize subsequent damage by the injection-
cannula, we use a thin 30 G tube to reach the final target. Note that multiple injections to the
same target will eventually lead to tissue necrosis from mechanical stress, which will cause
decreased tic expression. One possible solution is to insert the injector to deeper targets during
the subsequent injections, as long as they remain localized in the motor areas of the striatum.
This tissue necrosis does not occur in the chronic model, since the bicuculline infusion is ongoing
through a static directly implanted infusion-cannula into the striatal target. To minimize potential
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tissue damage from chronic infusion-cannula implantation, we also used a 30 G tube. However,
to connect the infusion-cannula to the flow-moderator via flexible-catheter tubing, we needed
to use a tubing-adapter, creating a potential failing point in the process. Thicker flexible-catheter
tubing can be used to fit the flow-moderator, leading to a reasonable cost of a larger tissue
damage from the larger infusion-cannula.

Ongoing research over the last 10 years has enabled us to define specific concentrations and
delivery rates of bicuculline!>182223  resulting in a reproducible behavioral phenomenon of
observable tic expression. Deviation from these values towards higher volumes, concentrations
or injection rates, may cause episodic seizures'>832 and unilateral rotations of the rats. Lower
concentrations result in more subtle, less detectable tics, expressed over shorter periods of time.
In the chronic model, no seizures were observed throughout the whole period; however,
extensive tic expression and tendency to unilateral rotations was observed on the first day after
the bicuculline pump implantation, which stabilized during the second day. This, combined with
post brain surgery recovery, interferes with the animal’s comfort level and wellbeing. To
dissociate the recovery period from tic expression, we suggest implanting an ACSF-filled pump
first®®. This period of ACSF infusion can also be used to conduct control experiments prior to tic
induction. Control experimental sessions may also be carried out in the acute model, utilizing
ACSF injections?® 33,

Both the acute and the chronic models can be used to study the kinematic characteristics and
neural correlates of tic expression. Tics can be identified by frame-by-frame offline video analysis,
which however is time-consuming and less accurate. More sensitive evaluation methods include
electromyography (EMG) and kinematic sensors (accelerometer and gyroscopes) (Figure 4). For
this purpose, the kinematic devices need to be located near the tic-expressing site on the body
for accurate movement assessment. The neural correlates of tic expression may be captured by
neurophysiological recordings throughout the CBG pathway (Figure 4). When considering the
implantation of additional recording devices, their locations both inside and outside the brain
need to be planned carefully to prevent interference with the injection.

The nature of the experimental query should dictate the choice of model of tic expression. The
acute model is simple and easy to implement. Multiple transient injections can be conducted
over a relatively long period of time, can be run simultaneously in several brain regions and
enable combining control and experimental sessions. The chronic model is more complicated and
requires daily monitoring of the rat's wellbeing. Yet, the constant and prolonged bicuculline
application provides the opportunity to address the dynamics of tic expression and its
modulation over time.
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Name of Material/ Equipment Company Catalog Number
Anchor screws Micro Fasteners SMPPS0002
Bicuculline methiodide Sigma Aldrich 14343
Cyanoacrylate (CA) accelerator Zap PT29
Cyanoacrylate (CA) glue BSI IC-2000
Dental cement Coltene H00322
Glue gel Loctite
Hemostat WPI 501242
Hypo-tube, extra-thin wall 25G Component supply company  |HTX-25X
Hypo-tube, regular wall 22G Component supply company |HTX-22R
Hypo-tube, regular wall 30G Component supply company  |HTX-30R
Infusion pump machine New Era Pump Systems NE-1000
Mini-osmotic pump ALZET 2001
PE compatible adhesive CEYS
PE-10 Catheter Tubing ALZET PE-10
Precision glass microsyringe, 10ul Hamilton 80065
Tissue adhesive 3M 1469Sb
Tubing-adapter CMA 3409500
Tygon micro bore tubing, 0.02 inch ID * 0.06 OD Component supply company |TND80-020
Wire 0.005-inch Component supply company |GWX-0050
Wire 0.013-inch Component supply company |GWX-0130
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Comments/Description

#0 x 1/8 - Pan Head Sheet Metal Screws

This glue was found to be stronger than others

Hygenic Perm Repair Material Reline Resin Self Cure

Ultra Gel Control

Any hemostat sized approximately 14 cm would be sufficient

1.0ul per hour, 7 days

Special difficult plastics (suitable for PE)

ID =0.28mm, OD = 0.61mm

1701 RNR 10pl syr (22s/51/3)

Vetbond




Rebuttal Letter

Click here to access/download;Rebuttal
Letter;AnsToReviewers.docx

Editorial comments:

* Please include 6-12 keywords/phrases.

* There are 11 keywords/phrases in the revised manuscript.

Protocol Detail: Please note that your protocol will be used to generate the script for
the video, and must contain everything that you would like shown in the

video. Please ensure that all specific details (e.g. button clicks for software
actions, numerical values for settings, etc) have been added to your protocol
steps. There should be enough detail in each step to supplement the actions seen in
the video so that viewers can easily replicate the protocol. Some examples:

1) Please include an ethics statement before your numbered protocol steps indicating
that the protocol follows the animal care guidelines of your institution.

* The ethics statement was added at the beginning of the PROTOCOL section
(line 97).

2) Acute 2.1.1: specify anesthesia method.

+ Details of the anesthesia are given in the revised manuscript, step 1.2.1
(previously 2.1.1).

3) Acute 2.1.2: how? Electrical clippers?
» Usage of electrical clippers was added, step 1.2.2 (previously 2.1.2)

4) Acute 2.3: mention when the animal is secured in the stereotactic frame and how
« Details of securing the animal are given in the revised manuscript, step 1.2.4

5) Acute 2.3.3: provide drill speed, bit size, and drill depth. How do you minimize risk
of injury to the animals?

» Details of drilling parameters and methods for reducing the risks of injury are
given in the revised manuscript, step 1.2.11 (previously 2.3.3)

6) Acute 2.4.1: provide screw specifications.

» Screw specifications are given in the revised manuscript, step 1.2.12.1
(previously 2.4.1)

7) 2.5.1: specify drugs and dosage.

» Drugs’specifications are given in the revised manuscript, step 1.2.12.10
(previously 2.5.1)

8) Acute Mention animal strain, age, sex, weight.

» Details of the animal strain, age, sex and weight were added at the beginning
of the PROTOCOL section (line 103).

9) Acute 3.14: mention settings.

I+
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» Details of settings are given in the revised manuscript, step 1.3.9 (previously
3.8)

10) Mention postsurgical care steps.

» Postsurgical care steps are given in the revised manuscript, step 1.2.12.11
(previously 2.5.2)

* Protocol Numbering:

1) Please adjust the numbering of your protocol section to follow JoVE’s instructions
for authors, 1. should be followed by 1.1. and then 1.1.1. if necessary and all steps
should be lined up at the left margin with no indentations.

+ The numbering of the protocol sections was adjusted in the revised
manuscript.

2) Add a one-line space between each protocol step.

* A one-line space between each protocol step was added in the revised
manuscript.

3) Line 97, 349: use numbering.

* Line 107 (previously 97) and line 324 (previously 349) are numbered in the
revised manuscript.

* Protocol Highlight: After you have made all of the recommended changes to your
protocol (listed above), please re-evaluate the length of your protocol section. There
is a 10-page limit for the protocol text, and a 3- page limit for filmable content. If your
protocol is longer than 3 pages, please highlight ~2.5 pages or less of text (which
includes headings and spaces) in yellow, to identify which steps should be visualized
to tell the most cohesive story of your protocol steps.

* The protocol in the revised manuscript is 10 pages long, of which ~2.5 pages
are highlighted.

1) The highlighting must include all relevant details that are required to perform the
step. For example, if step 2.5 is highlighted for filming and the details of how to
perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the
details are provided must be included in the highlighting.

* The highlighting in the revised manuscript includes all the relevant details that
are required to perform the different steps.

2) The highlighted steps should form a cohesive narrative, that is, there must be a
logical flow from one highlighted step to the next.

* The highlighted steps in the revised manuscript were chosen to form a logical
flow.

3) Please highlight complete sentences (not parts of sentences). Include sub-
headings and spaces when calculating the final highlighted length.

» The highlighting includes only complete sentences in the revised manuscript.



4) Notes cannot be filmed and should be excluded from highlighting.

* Notes are not highlight in the revised manuscript.

5) Please do not highlight any steps describing anesthesia or euthanasia as these
will not be filmed.

» Steps describing anesthesia or euthanasia are not highlighted in the revised
manuscript.

* Discussion: JoVE articles are focused on the methods and the protocol, thus the
discussion should be similarly focused. Please ensure that the discussion covers the
following in detail and in paragraph form (3-6 paragraphs): 1) modifications and
troubleshooting, 2) limitations of the technique, 3) significance with respect to existing
methods, 4) future applications and 5) critical steps within the protocol.

» The discussion in the revised manuscript covers all of the above.

* Figure/Table Legends: Please expand the legends to adequately describe the
figures/tables. Each figure or table must have an accompanying legend including a
short title, followed by a short description of each panel and/or a general description.

* The legends were expanded in the revised manuscript, and now include the
title and the description of the figure.

» References:
1) Please spell out journal names.

* All the references in the revised manuscript are written according to JoVE
style, and the journal names are spelled out.

* Commercial Language: JOVE is unable to publish manuscripts containing
commercial sounding language, including trademark or registered trademark symbols
(TM/R) and the mention of company brand names before an instrument or reagent.
Examples of commercial sounding language in your manuscript are Tygon, Vaseline

» The revised manuscript does not contain any commercial sounding language.

1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial
sounding language in your manuscript with generic names that are not company-
specific. All commercial products should be sufficiently referenced in the table of
materials/reagents. You may use the generic term followed by “(see table of
materials)” to draw the readers’ attention to specific commercial names.

* The revised manuscript does not contain any commercial sounding language.

« If your figures and tables are original and not published previously or you have



already obtained figure permissions, please ignore this comment. If you are re-using
figures from a previous publication, you must obtain explicit permission to re-use the
figure from the previous publisher (this can be in the form of a letter from an editor or
a link to the editorial policies that allows you to re-publish the figure). Please upload
the text of the re-print permission (may be copied and pasted from an email/website)
as a Word document to the Editorial Manager site in the "Supplemental files (as
requested by JOVE)" section. Please also cite the figure appropriately in the figure
legend, i.e. "This figure has been modified from [citation]."

e The revised manuscript does not include previously published figures or
tables.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

In this manuscript, the authors describe the protocols for implementing the acute and
chronic models of tic expression in rats. The introduction contextualizes this
technique in the field of Tourette Disorder (TS) translational research field and
discusses its validities briefly, using Willner's classical framework. Next, the authors
start the protocol sections. Protocols cover the manufacturing of the equipment,
surgical procedures, and experimental procedure (injections protocols) for both acute
and chronic models. The description of each protocol is clear, details and practical.
The steps are orderly and easy to follow. Personal recommendations of the authors
indicated as notes are useful. The list of material and the schematics are complete
and well designed. Following the protocol section, the authors showcase some of
their data. The data displayed show a wide variety of application for these models.

Major concerns:

There are no major concerns. The manuscript is well written and very useful to the
field. The striatal disinhibition (SD) model is widely used. A well-designed method
manuscript is very welcome to homogenize its application and optimize its
implementation. Any reader that wants to use these protocols has all the information
needed to do so effectively.

Minor concerns:
There are a few minor concerns.

1) it is relevant to specify that the group mainly acquires rodent data with the SD
model with Sprague-Dawley rats. Other rat strains may react differently.

* We added a note addressing this issue (PROTOCOL, lines 103-105).

2) Conversely, the cross-species effect is a major strength of this model. The authors
should consider developing the validity section towards TS in that regards and
specify what remains to done (motor tic, phonic tics, tic frequency changes based on
motor task and environmental stress).

* This issue is now addressed in detail (REPRESENTATIVE RESULTS
section, 2" paragraph)



3). Their protocols highlight the need for "straight-edged cannula(-guide)" on several
occasion. Section of the needle can result in bent edges, preventing insertion of a
cannula or liquid flowing.

* We added throughout the protocol the use of rotary tool (as opposed to using
cutter or similar tool) while cutting cannulas, to achieve straight edges (for
example step 1.1.1.1).

They added a useful sentence on how to obtain a clear flow (line 155-156): "If the
flow is not straight, use the tip of 30 G needle to remove any obstructions and
enlarge the injection-cannula hole". This point needs to be made more visible.

* This point is now emphasized in the revised manuscript.

Do the author sand the tip of their straight-edge cannula guide to preventing
additional mechanical friction or brain damage?

* We added throughout the protocol an additional step of sanding the edges of
the cannula (for example step 1.1.1.2)

Reviewer #2:

Manuscript Summary:

This work provides a protocol for acute and chronic injection of neuroactive
compounds in awake free moving rats via guide cannulas stereotactically implanted
into certain brain regions.

Major Concerns:
Please add, that the method is not only useful in tic-expression models, but also valid
in all neuroscience models that require injection of neuroactive compounds.

* We addressed this issue in the revised discussion (line 598).

Minor Concerns:

Please provide inner and outer Dimension of guide cannulas. Please use uniform
dimensions, i.e., not "G" fur guide cannulas (line 105), "Inch" for wires (line 122), and
"cm" for tube length (line 134), (...).

* Following the reviewer’'s comment, we added a standard measure (inches) to
complement the more common measurements of each device. We also
provide inner and outer diameters of cannulas in the revised manuscript.

Please include a "warning" for experimenters that animals start to turn, if injection is
too fast, or is volume for microinjection is too big.

* We addressed this issue in the revised discussion (line 617-618).

How do the authors confirm success of injection with chronic application, since
"movement of bubble along the tube" is not visible in chronic application.

* No direct confirmation of this issue is performed during the experiments
except for observing the evoked symptoms. Post-hoc there are multiple
measures for testing, including checking for remaining flow (if the pump is



extracted before the final time) or weighting the pump (if it is extracted after a
longer period).

How do you prevent the "dummy" from falling out of the guide cannula?

* This point is now emphasized in the revised manuscript in step 1.1.2.2
(previously 1.2.2)

Reviewer #3:

Manuscript Summary:

The authors describe two protocol to induce experimental motor tic expression in
rats. The authors have ample experience and a vast number of research articles that
have used these protocols to induce motor alterations with success. This manuscript
is a very good addition and contributes enormously to the scientific community
seeking to study such a complex phenomenon as it is the expression of motor tics.
Importantly, they describe both acute and chronic models, which allows exploring
shot- and long-term expression favoring the study of both pharmacological effects
and neurophysiological events associated with this disorder.

Major Concerns:
No major concerns

Minor Concerns:

As these protocols have a great utility for the recording of in vivo neural activity using
electrophysiology or even using optogenetic tools, | would suggest adding in page 7
in the note of 2.3.2 the adjustments that the authors made on cannula angle and/or
changes in coordinates needed to implant electrodes for in vivo electrophysiology to
record the local field potentials (LFPs) showed in Fig. 4.

* We added the coordinates for angled cannula implantation referring to
forelimb injections as a NOTE in step 1.2.10 (previously 2.3.2). We have no
data regarding angled implantation of injection cannula in the hind limb area.
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Esther Vinner is a Ph.D. student at the integrated graduate program in the Gonda
Brain Research Center at Bar-Ilan University, Israel. Her research project
encompasses the neural basis of motor tic dynamics and its modulation over different
timescales, utilizing a chronic model for tic expression in rats. This project includes
the implantation of osmotic mini-pumps, which perfuse fixed amount of a chemical
directly to the brain and the quantization of consequent behavioral and
neurophysiological changes. The current focus of her research is to examine the
impact of the sleep-wake cycle on tic expression.

Katya Belelovsky is the lab manager of the Neural Interface at the Gonda Brain
Research Center, Bar Ilan University, Israel. She obtained her Ph.D. in Neurobiology
and Ethology at the University of Haifa with Dr. Kobi Rosenblum. Her doctoral
research focused on the role of active protein synthesis regulation in memory
consolidation of novel taste. Her current focus in the Neural Interface lab is to study
the role of the multiple basal ganglia nuclei in various movement disorders using
neurophysiological methods.

Izhar Bar-Gad is a professor at the Gonda Brain Research Center, Bar Ilan University,
Israel where he directs the Neural Interfaces Lab. He obtained his Ph.D. in Neural
Computation at the Hebrew University with Dr. Hagai Bergman and Dr. Yaacov Ritov
and performed his postdoctorate research at the University of California, San Francisco
(UCSF) with Dr. Robert Turner. His research fields are systems neurophysiology and
computational neuroscience. His research addresses the bidirectional interaction
between computerized systems and the central nervous system. The research utilizes a
comprehensive approach which combines broad usage of animal models for different
disorders, electrophysiological recordings from human subjects undergoing
neurosurgery and computational modeling. The current focus of the lab is shedding
light on the neurophysiology of motor and behavioral disorders associated with basal
ganglia malfunction such as Parkinson's disease, Tourette syndrome, attention deficit
hyperactivity disorder, and the amendment of their symptoms using neuronal
modulation.

Click here to access/download;Supplemental File (Figures,


https://www.editorialmanager.com/jove/download.aspx?id=1235706&guid=51a5bf09-a6b5-4336-a8b6-882dbabaf53f&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1235706&guid=51a5bf09-a6b5-4336-a8b6-882dbabaf53f&scheme=1

