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[nstitute or Center: NIMH

Principal Investigator  Elisabeth A. Murray

Building/Room Il mail mucraye@mailnih.gov Telephone 301-443-7401 _FAX 301-402-0046

Emergency Treatment and Animal Care instructions shall be provided on the attached form at the end of this document

Division, Laboratory, or Branch _Laboratory of Nenrapsychology

Project Title Neural Substrates of Sensory Memory, Reward. and Emotion

Initial Submission [ | Renewal [X] or Modification [ ] of Proposal Number LN 20 (13)

List the names of all individuals authorized to conduct procedures involving animals under this proposal and identify key personnel (i.e., Co-
investigator(s)): A brief summary of the training and/or experience for procedures each individual will be expected to perform in this ASP must be
documented and available to the ACUC. The name(s) of the supervisor, mentor, or trainer who will provide assurance each individual is/has
achieved proficiency in those procedures shall be included in that documentation.
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Namcw—_ Degree: BS_ Position title, Affiliation: M

X fully qualified in all relevant animal procedures or o will be trained and supervised by:
Office phone: _lﬂlm RN G GIEEN N sccondary personnel

Nnmc;_m_—_ Degree: B.S.  Position title, Aifiliation: W—

# fully qualificd in all relevant animal procedures OF o will be trained and supervised by:
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NOTE: Approval of an animal study propasal by an ACUC does not ensure it acceplance by an animal holding facility. Acceptance by a facility is dependent on
available space, personnel and resources o support the ASP. Allacation of animal halding space is the role and responsibility of the IC Scientific Director.

B. ANIMAL REQUIREMENTS:

Species: _ Mataca mulitia Age/Weight/Size: 3.0 ke - adult Sex: _ M/F

Stock or Strain: __NJA Source(s):  NIH Approved Sources gnd/or the NIH NHP
Recycling Program

Holding Logation(s): ISR /vima! Procedure Logation(s): [ S
O

Estimated Number of New and Existing Animals Required to Support this Proposal:

Yea Yea Yea Tota
rl r2 r3 |
1 Estimated number of new animals required‘ 20 20 20 60
(Include all future purchases, births, and transfers) 1
’ Number of existing naive animals to be 4 N/A 4
transferred into this ASP (any age)
3 Number of existing animals previously used in . 85 N/A 85
any experiment to be transferred into this ASP
YEARLY TOTALS 109 20 20 149

*[f animals have been in a previous study, briefly describe how animals were used, e.g. any surgeries, procedures

that caused pain and or distress (relieved or unrelieved):
‘I'here are a total of 89 animals being transferred onto this protocol from the preceding approved version of this protocol. Of these, 4 ar¢ naive
and 85 have been studied in the preceding version of this ASF. For the animals engaged in studies, the experimental design, methods, and
survival surgeries were the same as described below in Sections F and G.

The 4 naive monkeys will begin behavioral (esting and take part in lesion studies on visual learning and memory.
The 85 monkeys that have heen used in the previous version of this ASP are as follows:

9 monkeys are being tested on a social cognition task. They currently ail have headposts. A subset of this cohort will receive
medial prefrontal cortex lesions once they reach behavioral criterion.

8 monkeys are being frained on a spatial memory task. Half will undergo fornix transection when they reach criterion.

8 monkeys are being trained on an appetitive Pavlovian task to assess autonomic responses. Of these, 4 have received
excitotoxic lesions of the entire orbitofrontal cortex (lateral plus medial) and 4 are unoperated.

4 monkeys with bilateral lesions of the ventrolateral prefrontal cortex are being trained on an automated task assessing leaming
of probabilistic stimulus-reward associations. These monkeys will complete training in late 2016. At the end of the study these
animals will be euthanized and the brains removed for histological processing and analysis.

20 monkeys are being tested, or are waiting to be tested, on behavioral tasks to assess their ability to learn object-reward
associations. 15 of these are operated (4 with crossed lesions of amygdala and orbital frontal cortex, 4 with crossed lesions of
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the amygdala and prelimbic cortex, 7 monkeys with crossed lesions of the amygdala and premotor cortex) and 5 are unoperated
controls.

3 monkeys with bilateral lesions of the ventral striatum (nucleus accumbens) are being trained on automated tasks to assess
stimulus-reward and action-reward reversal learning

6 monkeys are being trained on automated tests of attentional capture. Two of these have bilateral excitotoxic lesions of the
amygdala and 4 are unoperated.

4 monkeys are being assessed for their ability to link reward with abstract concepts (same-different). All have headposts,
chambers, and craniotomies to allow infusion of agents into frontal cortex.

7 monkeys are participating in fMRI studies of stimulus-reward assaciation. All have headposts. In addition 3 of the 7 have
chambers and craniotomies to allow infusion of compounds into the amygdala.

2 monkeys with bilateral excitotoxic lesions of the amygdala are being assessed for stimulus familiarity judgements.

9 monkeys are on rest pending euthanasia. 2 have bilateral excitotoxic lesions of the lateral orbitofrontal cortex, 2 have
bilateral excitotoxic lesions of the medial orbitofrontal cortex, 3 have lesions of the caudal orbitoftontal cortex, | monkey has a
lesion of the anterior cingulate cortex, and | monkey has a lesion of the orbitofrontal cortex.

5 unoperated controls will be assigned to other projects. One of these has a headpost.

At the end of the study animals with lesions will be euthanized and the brains removed for histological processing and
analysis.

C. TRANSPORTATION: Transportation of animals must conform to all NIH and Facility guidelines/policies, If animals will be
transported between facilities, describe the methods and containment to be utilized, If animals will be transported within location
also include the route and elevator(s) to be utilized.

Monkeys will be transported from monkey home cages to [Hae N, (P qlocation |
mollowing the approved transportation SOP for this facility. Anesthetized monkeys will be transported in covered transportation
carts, and awake monkeys will be transported in transportation chairs. Awake monkeys will be covered and restrained with a minimum of two
forms of restraint when being transported through public areas. In addition to the restraint provided by the chair itself, a chain attached to the
chair will also be hooked to the monkey's collar.

The animals are transported from xmd back using un approved opaque transport box and following
the approved transportation SOP. For CT imaging, There will be two people with the monkey at all times. Anesthetized monkeys will be

transported in an approved. specifically designed, covered, opague transport box. We will enter (B

proceed to
door at [Nt < il then call for the CT technician to meet us and escort us through the locked cortidor that houses the

location 3

Allnd NIH Transportation Guidelines will be followed.

D. STUDY OBJECTIVES: Provide no more than a 300 word summary of the objectives of this work, Why is this work
important/interesting? How mighit this work benefit humans and/or animals? This should be written so that a non-scientist can easily
understand it. Please eliminate or minimize abbreviations, technical terms, and jargon. Where they are necessary, they should be defined.

Earlier work from this laboralory has indicated that the medial temporal lobe limbic structures, the amygdala, hippocampus and rhinal cortex.
are critical for information storage in the brain. Specifically, these structures are known to underlie the ability of organisms fo recognize
previously experienced sensory events, to associate these events with one another, and to associate these events with reward and with motor
acts. The proposed study will build on these carlier findings in two ways: 1) by contrasting the specific contributions to memary made by the
limbic structures with those of other brain structures implicated in memory processes, and 2) by examining the interaction of medial temporal
lobe structures with neocortical or thalamic processing areas in the storage/recall of sensory memory, stimulus-reward associations, and
stimulus-action associations. These goals will be achieved by examining the effects of sclective brain lesions, reversible brain lesions, or
pharmacological manipulations on the acquisition and flexible use of different kinds of memory

By determining the neural substrates of memory in monkeys, we hope 1o uncover information relevant (o the treatment of human amnesic
disorders. Identifying the neural substrates of memory in monkeys will indirectly benefit the treatment of human amnesic disorders by
promoting the use of other investigative tools or approaches (e.g. electrophysiological. neurochemical) in spevific mnemonic processing areas;
findings from such studies may lead to greater understanding of the cellular events underlying information storage that will be important in
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Structural Magnetic Resonance Imaging (MRI) Scans:
The NIMH Guidelines for MRI and MRS will be followed.

Typically, for structural scans the animal is pretreated with atropine (0.05 mg/kg IM) or glycopyrrolate (15 meg/kg M)
and then anesthetized with ketamine (10 - 15 mg/kg IM), followed by either 0.005-0.05 mg/kg (IM) dexmedetomidine (Dexdomitor® ot 0.5 - 1.5
mg/kg (IM) valium (diazepam), with supplements as needed. The ketamine/ dexmedetomidine and ketamine/valium combinations have proven to be
a safe and effective anesthetic for this and similar procedures. (If dexmedetomidine is not available, medetomidine (Domitor®) imay be substituted.
In this case, if used in combination with ketaming, 0,02-0.1 mg/kg (IM) medetomidine would be used,) The animal is then iransported I®location |
mmere it is placed in an appropriate head holder and scanned. This technique is completely noninvasive and lasts
approximately 1-2 hours. Following the scan, if either dexmedetomidine or medetomidine is used, we will administer atipamezole (Antisedan®) 0.2-
0.4 mg/kg (IM). The animal is then returned to its home cage by the investigators where it is watehed and monitwred during recover from unesthesia,
until it is able to right itself. A single dose of ketoprofen (1 — 2 mg/kg IM) will be ndministered just prior to or immedintely following this procedure.

Diffusion weighted imagiag:

Diffusion weighted imaging scans allow for examination of the route of specific fiber pathways in intact animals and the nature and location of
changes in white matter pathways that oceur as a result of these various lesions,

The DTI and DSI performed under general anesthesia will take place in a horizontal scanner in the NMR center. The anesthesia protocol is similar to
that for surgery. comprised of intubation and general isoflurane anesthesia. The animal will be fasted for 12 hours prior 10 surgery; however, oral
fluids will not be restricted. The animal is pretreated with atropine (0,05 mg/kg IM) or glycopyrrolate (15 meg/kg IM), lightly anesthetized with
ketamine (10 - 20 mg/kg IM). and then given isoflurane (1.0 - 2.0%, to efféct) as a general anesthetic. The glycopyrrolate (or atropine), ketamine,
and isoflurane are administered by the NIF animal technician, and the dosage and route of administration are determined by the veterinarian (the
isoflurane is adminstered 1o effect, to reach a surgical plane of anesthesia). Anesthetized scans lasting four hours are typical for DTI sessions
achicving | mm isotropic resolution. An interval of at least seven days will oceur between consecutive anesthetized scans.

We do not expect any adverse effects from the procedures outlined above. If, however, there is any indication that an animal’s condition s changing
we seek immediate veterinary medical consultation. When the veterinarian, in consultation with the investigator, determines that an animal is
experiencing pain and/or distress that cannolt be relieved by applying accepted medical treatments and procedures, the animal will be euthanized as
described in Section J.

]n some cases the animals are scanned during stable, balanced anesthesia (1-2% isoflurane, to effecr). Induction is generally
performed with the animal in a horizontal position, and the chair is then brought 1o a vertical position for inscrtion into the vertical magnet. The
vertical position, while a great advantage for the awake preparation, poses challenges for ancsthesia. Safe and robust procedures for anesthetized
monkeys have been developed and are in place, but great effort is being made to constantly improve these paradigms for the continued and increased
safety of the animals.

For most structural studies to achieve good high-resolution images full anesthesia is not required but some sedation is necessary, since awake animals
tend to make small movements (c.g. ear wiggling, chewing, vocalizing) that disrupt the image quality with motion artifacts. As an alternative to full
anesthesia, 4 combination of three safe drugs will be used:

1) Ketamine (5 - 15 mg/kg IM)

2) Diazepam (0.5 - 1.5 mg/kg IM 30 minutes prior, or 0.1 mg/kg slow [V at the time of anesthesta) — valium, a benzodiazepine sedative.

3)  Glycopyrrolate (15 meg/kg IM) - anticholinergic, lasts a bit longer than atropine.

Supplemental doses of the above drugs will be given as needed.

While the sedate preparation does not afford as complete monitoring as the full, intubated gas anesthesia, we routinely measure and record the COz
level and breathing rate, using a gas sensor positioned just in front of the nose, We also use a camera on the eye and face in order to continually
monitor the animal’s appearance for movement. Finally, in addition to the CO2 monitoring, we will atterpt to measure the SPOz level and the non-
invasive blood pressure.

Computed Tomography (CT) Imaging:

All monkeys will be sedated throughout the transport and scanning procedures, We will use the same anesthestic drugs and doses as we normally use
for MRI scans. Typically, for structural scans the animal is pretreated with atropine (0.05 mg/kg IM) or glycopyrrolate (15 meg/kg IM) and then
anesthetized with 10 - 15 mg/kg ketamine IM, followed by cither dexmedetomidine (0.005-0.05 mg/kg IM) or diazepam (0.5 - 1.5 mg/kg IM) given
30 min prior to the scan. Supplemental doses will be ketamine alone. The ketamine/dexmedetomidine and ketamine/valium combinations have
proven to be a safe and effective anesthetic [or this and similar procedures. The animal is then transported in an approved, specifically designed,
covered, opaque Lransport box via an approved route within (S N O i (he transport the animals are placed on their
side and checked to ensute the airways are open. Once in the scan room they are placed in a stereotaxic head holder which secures their head in a
stationary and standardized oricntation, This orientation aiso ensures the airway is open through the scanning session. Total scanning time per
monkey will be about 5 minutes. Once the scan is complete the monkeys will be returned to their home cage and monitored until awake and sitting
upright. Total time from sedating the animal to return to its home cage for a single animal is about 45 min and no more than 60 minutes for two.

There will be two people with experience in working with monkeys present at all times, During transport of the animals we will not wear PPE but
once the animal is in the C'T room and before opening the cart we will put on the appropriate PPE (e.g. lab coats, gloves, and face shield). The
monkey will be fully wrapped in a disposable absorbent pad with moisture~proof plastic lining. The bed of the scanner will be covered with
absorbent pads. The door to the CT scanner will be kept closed. At the end of' the scanning session we will remaove and discard in 4 trash bag all
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purposes. First, in accord with the study objectives of our ASP, we expect the PET procedure to aid us in assessing the location and
extent of the brain lesions made with excitotoxins. Although we currently assess the extent of lesions using postoperative T2-
weighted MRI scans acquired within a week of surgery, having a second method to localize lesions would be extremely beneficial.
Second, performing PET studies with the new ligand in our monkeys will provide a negative control for the ligand. If the radioligand
is truly selective for synaptic vesicle glycoprotein, which is co-localized with synaptophysin, then there should be a reduction in
SV2A binding at the site of brain lesions, Conducting PET in our monkeys with excitotoxic brain lesions allows us to test this
prediction, and thereby indirectly benefit the work in humans,

We plan to conduct procedures already carried out by investigators in the Molecular Imaging Brain of NIMH, as described in ASP
MIB-02 (PI = Robert Innis), titled Evaluation of PET Radiolabeled Probes in Monkeys. The specific procedures to be conducted are
all listed under General PET procedures and include: fasting for approximately 12 h prior to the PET procedure, placement of an
endotracheal tube, isoflurane anesthesia, establishment of an [V catheter to inject the radioligand and provide isotonic fluids, injection
of the radioligan 2A intravenously in the scanning room, and blood withdrawal (arterial samples) during the scan. The PET scans
would take placew

Staff on MIB-02 would be responsible for arranging pre-scan fasting, all procedures associated with the PET scans, and for post-scan
monitoring and recovery of the animals.

T oo 2 well as the location —— [ESINET s permanently posted for radioactive materials use and is

restricted to the public. A radioactive material use survey will be completed monthly. A copy of each survey, documented on an NIH
88-12 monthly survey form, will be sent to the Division of Radiation Safety by the MIB staff.

After PET scans, the staff of MIB-02 will also take responsibili:% for siinage related to the use of radioactive materials. The

Selective satiation: On occasion monkeys will be given g selective satiation procedure, which means they are allowed to eat as much of
one food as they will eat (i.e. eal ta satiety). This has the eftect of altering (reducing) the value of the food reward. We use this experimental
manipulation to test the animal's ability to represent food value. The selective satiation procedure always involves one of the foods that the animals
receive as food rewards in behavioral testing, and typically lasts no longer than 30 minutes. The procedure is carried out no more than twice per
week. The amount and type of food caten is recorded in either the blue food/water log or the nursing notes of the animal's medical record chart.

Tastants: Tastants. or types of fluid outcomes, are typically used in both human studies (WK Simmons et al, Nat Neurosci, 2013: DM Small et al,
Neuron, 2008) and nonhuman primate investigations (C Padoa-Schioppa and Assad, Nature, 2006; Rolls et al, J Neurophysiol, 1990), not only as a
reward for performing a task, but also as a means of identifying areas responsive to tastes, These studies have used a variety of tastants ranging from
positive (sucrose, sucralose, salt, various fruit juices) to neutral (water, artificial saliva), to mildly negative (quinine, HC, citric acid). We will be
using different tastants to map responses 1o differing tastes or flavors, and to test monkeys’ abilities to form associations with visual cues and
different taste outcames. Taste outcomes will be different types of solutions in three categories: positive, neuiral, or mildly negative, A positive
reward will be an aqueous solution with sucrose [0.1M], sucralose [1mM] or fruit juice. A neutral reward will consist of a solution containing sodium
bicarbonate [0.3mM] and potassium bicarbonate [0.3mM] (personal communication, A. Fantanini, January 29, 2015) to mimic saliva, A more
complex saliva substitute contains NaCl (0.002M), KCI (0.005M), sodium bicarbonate (0.003M), potassium bicarbonate (0.003M), magnesium
chloride (0.00025M) and potassium phosphate (0.00012M). Saliva substitutes will be used at these concentrations and at 75%, 50% and 25%
dilutions, Quinine | ImM], & bitter tastant, or a dilute solution of either citric acid [10mM] or hydrochloric acid [ImM] (VL Smith-Swintosky et al, ]
Neurophysiol, 1991) are mildly negative. The monkeys will be presented with these fluids in a testing booth as well as the IMRI scanner. Use of
these and similer tastants is commonplace in research scttings and is expeeted to have no adverse consequences.

Air puff: In addition to using food or fluid rewards to study the neural substrates of learning using pleasant/agrecable events as reinforcement, we
also plan 1o study the behavioral and neuronal systems underlying learning associated with mild unpleasant/disagreeable events as reinforcers, To
study such behavior, it is necessary for the monkey to learn by trial and error which behavior leads to 4 negative stimulus (reinforcer). We will use a
mild stream of compressed air (i.e.. air puff, 20-60 PSI) as an unpleasant stimulus to be delivered for a short duration (typically, 100-1000 ms) Lo the
cheek, through a tube positioned at about 5 em from the side of the monkey's face. The air puff is mildly annoying. Delivery causes an automatic
blink response and one is inclined to withdraw. There is, howevet, no pain associated with the puff. An equivalent human experience would be
someone blowing through a straw at your face. This stimulus is neither painful nor does it cause discomfort or distress to humans. The air puff should
be only mildly aversive, enough fo elicit instrumental behavior from the monkey to avoid its delivery. In some cases the air puff will be presented
obligatorily after the presentation of a set of visual stimuli in order to study how monkeys learn to associate the sensory stimuli with the upcoming air
puff: To maintain the monkeys' cooperation in the experiment, we will deliver fluid tewards with the air puffs. Continuation of the usage of the air
puff will be terminated immediately in case the monkey shows overt reactions suggestive of discomfort, pain or distress including grimacing,
squirming, vooalization, urination or defecation.

Genotyping: We specilically need to determine & monkey's status with regard to the serotonin transporter polymorphisms so that their genotype
(S8, SL or LL) for the serotonin transporter can be correlated with cognitive measures. Monkeys will be anesthetized (10 mg/kg ketamine IM) and 3
—10 ml blood withdrawn using a 19 — 23 gauge ticedle, from the femoral vein, or alternative (e.g. saphenous vein) where necessary, for the purpose
of determining the monkeys® genotypes. The blood sample will only be needed once per animal, barring unforescen and rare problems with the
processing of the samples. in which case a second sample would be taken.

L
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Tracer studies: [n order to determine whether certain neuroanatomical projection pathways are intact, we will inject tracer substances into the
brains of some intact monkeys and some monkeys thal have already received lesions. Aseptic surgical procedures will be employed (see Section G),
and intracercbral injections of retrograde tracers (1 = 5 ul 2% Fast Blue and / or 1 - 5 pl 4% Diamidino Yellow), spread over 1 - 20 sites, will be made
into either the medial thalamus, amygdala, prefrontal cortex or related regions, via a gas-sterilized Hamilton syringe needle. Although this procedure
may entail multiple survival surgeries. it is the only way 1o determine whether certain fiber bundles are intact after our lesions. No procedure-
specific adverse side effects (i.e. those beyond what might be associated with any major survival surgery) are expected, [n all cases, there will be a
minimum of 2 weeks intervening between successive surgeries. For most studies, there will be a maximum of 3 major survival surgeries per
monkey, On occasion, we may need to inject tracets into a monkey that has already undergone multiple major survival surgeries for behavioral
experiments. On those rare occasions, the tracer tifjection would be the fourth and final major survival surgery,

Euthanasia: For histological verification of the lesions, monkeys in experimental groups must be sacrificed at the conclusion of the experiment,
which will follow a variable period of behavioral testing ranging from approximately 6 months to 6 years. At this time, monkeys will be sedated
with ketamine (10 mg / kg IM or to effect) followed by either Euthanasia-iIt (1.0 ml/5kg [V). an overdose of barbiturates (sodium pentobarbital, 100
mg/kg IP or 100 - 200 mg/kg [V), or another equivalent ewthanasia solution given at the manufacturers recommended dose, and then perfused
through the heart with normal saline followed by formaldehyde solution. The brain will be removed for histology and the carcass will be
double-bagged in heavy plastic baps and stored in the appropriately marked refrigerator until disposal.

Environmental enrichment: Some monkeys with brain lesions are to be exempt from pair housing. Remaval of certain brain regions {e.g.
amygdala, orbital frontal cortex, medial frontal cortex) results in alterations in emotional and social behavior. Specifically, after cerfain brain lesions,
the dominance structure within a pair may be altered or the animals may respond inappropriately to social signals. Therefore, pairing could result in
severe physical injury or death of the animal secondary to fights, In such cases, animals will no longer be suitable for pairing. In addition, because
the cantrols for these experiments must be treated the same way as subjects in the operated groups, these animals, oo, must be single-cage housed.
Whenever animals are exempted from pair housing, other means of environmental enrichment will be implemented as per the NIMH Nonhuman
Primate Enrichment Policy. See also Section M.

Other: Asu general statement it must be emphasized that these animals are extremely important to us. We make every effort to keep them
comfortable and healthy, and, if there is any indication that their condition is changing, we seek immediate veterinary medical consultation. When
the veterinarian, in consultation with the investigator, determines that an animal is experiencing pain and / or distress that cannot be relieved by
applying accepted medical treatments and procedures, the animal will be euthanized according to Section .

G. SURVIVAL SURGERY - If proposed, complete the following:
None[ ] Major i  Minor[_]

1. [dentify and describe the surgical procedure(s) to be performed. Include the aseptic methods ta be utilized. (Use additional sheets il necessary):

For all surgeries the animal will be fasted for 12 hours prior to surgery; however, oral fluids will not be restricted. The animal is pretreated
with atropine (0.05 mg/kg IM) or glycopyrrolate (15 mog/kg IM), lightly anesthetized with ketamine (10 - 20 mg/kg IM), and then given
isoflurane, (1.0 — 4.0 %, to effect) as a general anesthetic. The atropine ot glycopyrrolate, ketamine, and isoflurane are administered by the
surgical staff of VMRB (under the supervision of the NIMH veterinarian), and the dosage and route of administration are determined by
the veterinarian (the isoflurane is adminstered (o effect, to reach a surgical plane of anesthesia). Afier the animal is anesthetized, it will be
placed in a headholder appropriate for the procedure. An intravenous drip of normal saline or Ringer’s solution is inaintained, body
(emperature is maintained with a heating pad, and heart rate, temperature, and respiration are monitored with a physiological monitor, All
procedures are performed using aseptic technigue. At the end of surgery the animal will be monitored until it is awake (lrying to sit up)
and then be placed back in its home cage orM There will be & 10 - 14 day recovery period before aninals are
refested, Standard postoperative treatment includes analgesics and antibiotics administered after consultation with the attending NIMH
veterinartan or Central Animal Facility veterinarian and may include. for example, Ketaprofen (1 mg/kg bid x 3 days), buprenorphine (0,02
~0.05 mg/kg IM or 1V, q 6 — 12 hr.) acetaminophen (80 mg, oral), ibuprofen (100 mg PO), Banamine (1 mg/kg / day for 2 days IM), as
needed. If cerebral edema is considered a problem cither mannitol (2 g/kg IV) and/or dexamethasone (1ce/2x/day; 3 mg/ee) for 2 - 5 days,
IM) is administered,

Headpost and Chamber [mplants: Headpost implants are made of MR-compatible plastic or metal (metals can be either titanium or
silver coated with tantalum) and have 3 - 5 adjustable legs, and fastened to the skull with titanium or ceramic serews. Cement and acrylic
is avoided when possible, although sometimes it is required to reinforce the primary serews, Chambers are also made of MRI-compatible
material. For both headpost and chamber implants the scalp is retracted and the underlying muscles are retracted or removed.
Approximately 10 - 12 small (1 - 2 mm diameter) holes are drilled into the skull (not penetrating the dura). The headpost is attached to the
skull with either screws only or with screws plus acrylic; 1o attach the chamber to the skull screws plus acrylic will be used. The skin is
then sutured around the implanted headpost or chamber. The monkey is returned to its home cage after it can sit upright without the aid of
the caregiver. Normally, these implants will stay in place until the monkey is cuthanized. However, if the monkey loses its implant, a new
one may be re<simplanted using the same procedure.

Bone removal inside the chamber is undertaken under aseptic conditions, The animal is anesthetized and placed in a headholder. the cap of
the chamber is remaved, and a small opening is made with either a burror hand drill. The opening is then expanded, as nceded, with
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in many respects the protoco) for amygdala lesions or thinal cortex lesions with ibotenic acid described above. As already indicated in

Section F, the number of injections will range from | to about 50. und the typical amount of material injected will be 1,0 il or Tess per sile.
All injections will be made directly into cerebral lissue via the needle of & Hamilion syringe.

k. For procedures f-h, the lesion may be achieved by injection of excitotoxins via a Hamilton microsyringe.

1. Frontal cortex: a craniotomy will be performed over the frontal region, The dura mater will be reflected, and portions of the premotor
or prefrontal cortex removed by aspiration or injection of ibotenic acid.

From our previous experience working with excitotoxins (e.g. ibotenic acid, NMDA), we do not expect any long-term adverse effects on
the health of the animals. However, during surgery respiratory arrest is an oceasional side effect of cerebral injection of large volumies of
ibotenic acid. Also when NMDA is injected we might observe tachycardia. If this occurs we administer propranolol or other agents, under
the guidance of the NIMH veterinarian, and will stop the injections until the heart rate returns to normal. When such procedures are being
undertaken, the NIMH and CAF staffs are alerted. The animal is watched closely while being maintained on the respirator and the
veterinarian is advised of the situation and consulted as needed. Past instances of respiratory arrest or tachycardia have usually resolved
(i.e. the animal resumes breathing on its own) within 30 minutes to 5 hours.

2. Who will perform surgery and what are their qualifications and/or experience?

Dr. Elisabeth Murray, secondary personnel ar her designee with the appropriate training and experience, will
perform the surgery with the assistance of other personnel listed on the protacol. Dr. Murray has over 25 years of experience with aseptic

neurosurgical techniques in monkeys, including those described above,

3. Where will surgery be performed. Building and Room’?m
4. Describe post-operative care required, including consideration of the use of post-operalive analgesics, and identify the responsible individual:

11 will be the responsibility of the principal investigator to ensure that the monkey is adequately cared for until it has completely recovered
from sutgery. Postoperative care includes a regimen of dexamethasone phosphate and antibiotics, to reduce inflammation and to prevent
infection respectively. In addition, analgesics will be administered. The VMRB staff, in consultation with the institute veterinarian, will
specify the treatment regimen. Potential postsurgical complications include brain edema, scizures, and respiratory depression. After recovery
from surgery the monkeys will be able to feed and care for themselves in the same manner they did before surgery.

Postoperative analgesics may include, for example, Ketoprolen (1 mg/kg bid x 3 days IM), buprenorphine (0.02 — 0.05 mg/kg IM or LV,

q 6 - 12 hr.), acetaminophen (80 mg, oral), ibuproten (100 mg PO), Banamine (1 mg/kg/day for 2 days IM), as needed. Ifcerebral edema is
considered a problem either mannitol (2 g/kg 1V) or dexamethazone (lcc/2x/day; 4 mg/ce IM for 2 days) is administered. The NIMH
veterinarian is consulted fo ensure the proper analgesics and antibiotics and appropriate doses of each are administered. Problems are quickly
brought to the attention of the PI and the facility veterinarian and appropriate treatments are given.

After complete recovery from surgery, a minimum of 10 Lo 14 days based on an uneventful recovery period, the animal will resume
postoperative testing. Postoperative recovery normally proceeds without difficulty. However, when the veterinarian. in consultation with the
investigator, determines that an animal is experiencing pain and/or distress that cannot be relieved by applying accepied medical treatments
and procedures, the animal will be euthanized.

5. Has survival surgery been performed on any animal prior to being placed on this study? Y/N_Y_ If yes, please explain:

43 monkeys being translerred to this new ASP have been used in the previous version of this ASP and have had major surgery:
4 monlkeys have received bilateral excitotoxic lesions of the entire orbital prefrontal cortex
2 monkeys have received bilateral excitotoxic lesions of lateral orbital prefrontal cortex
2 monkeys have received bilateral excitotoxic lesions of medial orbital prefrontal cortex
3 monkeys have received bilateral excitotoxic lesions of caudal orbital prefrontal cortex
4 monkeys have received crossed lesions of the amygdala in one hemisphere and the entire orbital prefrontal cortex in the other hemisphere
4 monkeys have received crossed lesions of the amygdala in one hemisphere and the prelimbic cortex in the other hemisphere
4 monkeys have received crossed lesions of the amygdala in one hemisphiere and the premotor cortex in the other hemisphere
3 monkeys have received crossed lesions of the amygdala in one hemisphere and the premotor cortex in the other hemisphere along with &
split brain
1 monkey has received bilateral lesions of the anterior cingulate cortex
3 monkeys have received bilateral lesions of the nucleus accumbens
4 monkeys have received bilateral lesions of the amygdala
4 monkeys have had bilateral excitotoxic lesions of the ventrolateral prefrontal cortex
5 monkeys have received craniotomies with chambers (to allow introduction of cannulae for infusions)

6. Will more thun one survival surgery he performed on an animal while on this study?
YMN_Y_ If yes, please justify:
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hippocampal lesions: 38

A total of 1475 references were found. A search of these titles and a review of the pertinent articles did not ofler any viable alternatives.

On 10/25/2016 Agricola was searched:
primate brain lesions: 1
perirhinal lesions: 1
hippocampal lesions: 30
inactivation primate brain: 1

A total of 33 references were found. A search of these titles and a review of the pertinent articles did not offer any viable alternatives.

I. ANESTHESIA, ANALGESIA, TRANQUILIZATION: For animals indicated in Section H, Column D, specify the
anesthetics, analgesics, sedatives or tranquilizers that are to be used. Include the name of the agent(s), the dosage, route, and schedule of
administration. All substances administered to an animal must be pharmaceutical grade unless otherwise justified in accordance with the NITH

ARAC Guidelies for the Use of Non-Pharmaceulic Qi 1s in Laboratlo nimals. None

There will be regular consultations with the NTMH veterinarian in order to ensure the most effective analgesics and anesthetics are used.

Agents routinely used!

For surgery: Pre-treatment with atropine (0.05 mg/kg M) or glycopyrrolate (15 meg/kg IM).
Ketamine hydrochloride 10 - 20 mg/kg IM; isoflurane gas, 1% to 4%, to effect, inhalation

Desipramine is counterindicated with ketamine for pre-isofluorane anesthetic preparation. An alternative anesthetic regimen will be
employed for pre-surgical preparation. Use of dexmedetomidine (0.005-0.05 mg/kg. Dexdormitor®) plus butorphanol (0.3 mgrkg) has
been successfully used in other settings and would be employed here.

For MRI scans in the orizarxlal seanner: pretreated with atropine (0.05 mg/kg IM) or glycopyrrolate (15 meg/kg
IM) then anesthetized with 10 - 15 mg/kg ketamine IM, followed by either dexmedetomidine (0.005-0.05 mg/kg IM) or
valium (0.5 - 1.5 mg/kg M), with supplements as needed, Supplemiental doses will be ketamine alone.

For MRI scans in rhe In some cases the animals are scanned during stable, balanced anesthesia (1 - 2% isoflurane, to effect).
As an alternative 10 full anesthesia, a combination of three safe drugs will be used:
1)  Ketamine (5- 15 mg/kg IM)
2) Diazepam (0.5 - 1.5 mg/kg IM 30 minutes prior, or .1 mg/kg slow IV at the time of anesthesia) — valium, a benzodiazepine sedative.
3) Glycopytrolate (15 meg/kg IM) = anticholinergic, lasts a bit longer than atropine,

For anesthetized CT scan‘ pretreated with atropine (0.05 mg/kg 1M) or glycopyrrolate (15 meg/kg 1M) then anesthetized with
10 - 15 mg/kg ketamine IV, followed by either 0.005-0.05 mg/kg dexmedetomidine IM or
0.5 - 1.5 mg/kg valium IM (diazepam), with supplements as needed, Supplemental doses will be ketamine alone.

Postoperative analgesics: will bé administered by Facilily staff and may include, for example,
Ketoprofen (1 mg/kg bid x 3 days), buprenorphine (0.02 —0.05 mg/kg IM. or IV.q 6~ 12 hr.) acetarninophen (80 mg, oral), ibuprofen (100
mg PO), Banamine (1 mg/kg/day for 2 days IM). If cercbral edema is considered a problem either manaitol (2 g/kg IV) or dexamethasone
(lee/2x/day, 3 mg/fee IM) for 2 days is administered.

For nonsurgical procedures such as cleaning headposis and guide holders: Ketamine (5.0 - 20.0 mg/kg IM). To remove a small piece of
bone or to enlarge the burt hole inside the chamber, procedures lasting only a few minutes, 2 ketamine / xylazine mixture (ketamine,
8 mg/kg, plus xylazine, 0.4 mg/kg IM) is used. A dose of atropine at & dosc of 0.05 - 0. 10 mg/kg, SC or glycopyrrolate
13 -17 ug/kg IM or SC, will also be given for this procedure,

After a period of weeks or monhs, the dura mater sometimes starts to thicken, In this case, the monkey will either be sedated with
ketamine (10 - 20 mg/kg IM) or taken to the OR to be done under isoflurane (1.0 —4.0%, to effcct) and the fibrous connective tissue will be
temoved using aseptic technique.

J. METHOD OF EUTHANASIA OR DISPOSITION OF ANIMALS AT END OF STUDY: Indicate the
proposed method, and if a chemical agent is used, specify he dosage and route of administration. If the method(s) of euthanasia include those not
recommended by the AVMA Guidclines on Euthunasia, provide justification why such methods must be used. Indicate the method ol varcass
disposal if not as MPW.

None []
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The animal is sedated with Ketamine HCL (10 mg/kg IM or (o effect) followed by either Euthanasia-1T (1.0 mi/5 kg [V), an overdose of sodium
pentobarbilal (100 mg/kg IP or 100 - 200 mg/kg [V), or another equivalent euthanasia solution given al the manufacturers recommended dose.
After a deep level of anesthesia is aftained the animal is perfused through the heart with normal saline followed by aldehyde fixatives. The brain
will be removed for histology and the carcass will be double-bagged in heavy plastic bags and stored in the appropriately marked refrigerator
until it is transpotted to DVR for necropsy or disposed of as MPW.

K. HAZARDOUS AGENTS: None [ ]

Biological Agents with Pathogenic Potential: NONE _X (check if none)

For guidance, see ORS/DOHS Bioloaiczl Safely and Compliance. Include the NIH Institutional Biosafety Committee's risk-
assessment language or attach a copy of the registration documents.

Agent: HPRD #: ABSL:

Additional occupational health and/or animal facility handling safety considerations.

Recombinant DNA: NONE _X (check if none)

For guidance, see NIH Guidelines for Research Involving Recombinant ot Synthetic Mucleic Acid Molecules FACS. Include the NIH
Institutional Biosafety Committee's risk-assessment language or attach a copy of the registration documents.

Recombinant DNA: RD #: ABSL.

Additional occupational health and/or animal facility handling safety considerations.

lonizing Radiation: (Radionuclides & radiation producing equipment) NONE ___ (check if none)

For guidance, see ORS/ORS/Policies/Radiation Safety Protocols Aninal Studies Froposal Reguirements

[ Yes, | will use radionuclides or radiation preducing equipment as part of the experimental procedures on the ASP and all operators
will be registered with Division of Radiation Safety. If an irradiator is to be used, then all individual users must comply with Division
of Radiation Safety requirements for irradiator training, and all individual assessors will comply with applicable security requirements
for escorts and proxy card access approval.

List of Radionuclides: = =
Radiological safety considerations:

Hazardous Chemicals or Drugs: NONE ___ (check if none)

For guidance, see NIH Policy Manual 3034 — Waiking with Hazardous Chemicals

Material safety data sheets for hazardous chemicals and drugs must be maintained readily accessible to laboratory and animal
facility employees (Title 26, Part 1910 1200(b)(3)(i), CFR)

List of Agents. Aldehyde Fizatives, isoflurans, S5-fluorourasil

Additional occupational health and/or animal facility handling safaty considerations:

All material that has come into contact with monkeys or monkey by products is disposed of in a MPW box, when appropriate.
Appropriate protective equipment (i.e. lab coat, chemical resistant gloves, and mucous membrane protection) shall be worn.

When working with aldehyde fixatives and anesthetic gasses adequate local exhaust ventilation (e.g. chemical fume hood or downdraft table)
shall be used and appropriate protective equipment (i.e. lab coat, chemical resistant gloves, and eye splash protection) shall be worn.

All NIMH Guidelines for the Use and Disposal of Aldehyde Fixatives will be followed,

location
Isoflurane gas will be scavenged via an activated charcoal (F-air) canister attached to the anesthesia machine(s) in the
S-fluorouracil: The solid form of the chemical is mixed into solution in a chemical fume hood by a worker wearing chemically-resistant
gloves and a disposable laboratory coat. The material involved in the preparation of the solution will be disposed of as medical pathological
waste (MPW) and the aspirated and waste {luids are disposed of as chemical waste.
Drugs will be prepared outside of the animal [acility.
Appropriate safety materials are available, and procedures are in place for any accidental spillage of 5-fluorouracil (5-FU). The procedure

involves absorbing the material if the spill is less than 10 ml, washing the exposed area with sodium hydroxide (10%), then water, and
disposing of the collected material as MPW, If the spill is greater than 10 ml, the area is to be evacuated and the

Hazard Response Unit called by 911.
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Monocrystalline iron oxide nanoparticles (MION) refer to a suspension of iron oxide particles falling within the nanometer range (generally
10-200 nm diameter). This substance is routinely used in human medical cases of iron deficiency anemia (http://www.fersheme.com) and as
an intravenous contrast agent for MRI (Stabi and Bendz, Ann, Pharmacother, 2011, 45:1571-1575). MION has been used routinely and safely
as an intravenous contrast agent for non-human primate MRI in this lab and clsewhere for more than twelve years. The MION suspension is
stored in small (10mL-20mL) vacuum-sealed vials. In the Neurophysiology Imaging Facility (NIF), the vials are stored in the animal
preparation room. Intravenous injection made by an experienced person is undertaken in restrained monkeys, either in the home cage or within
a specially designed primate chair. The experimenter wears 2 disposable gloves (c.g. Nitrile) gloves and other appropriate PPE when handling
the vials, extracting the suspension into the syringe, and injecting into the animal. Used vials, still sealed but including small amounts of unused
MION, are disposed of as chemical waste. Any MION waste, contaminated gloves, bench paper, or spill cleanup materials will be double
bagged, labeled as ‘nanoparticle waste: ‘Monoionic Iron Oxide Nanocolloids’ and disposed of as chemical waste™. Recommendations of the
NIH DOHS Nanotechnology Safety and Health Program’ will be followed.

Additional safety considerations: None

L. BIOLOGICAL MATERIAL/ANIMAL PRODUCTS FOR USE IN ANIMALS (e.g., cell lines,
antiserum, etc.): None ]

Section L. BIOLOGICAL MATERIAL/ANIMAL PRODUCTS FOR USE IN ANIMALS

NONE __X_(check if none)

List cells/tissues, sera/antibodies, viruses/parasites/bacteria, and non-synthetic biochemicals that will be introduced into research
animals.

o . . Sterile?
Material: Source: Y N

If derived from rodents, has the material been tested, e.g. MAP/RAP/HAP/PCR?

(If Yes, attach copy of results)

Have the tested materials been passed through rodents outside of the animal facility in question?

Is the material derived from the original MAP/RAP/HAP/PCR tested sample?

| certify that to the best of my knowledge that the above is complete and correct, and that the material remains
uncontaminated with rodent pathogens.

M. SPECIAL CONCERNS OR REQUIREMENTS OF THE STUDY: List any special housing, equipment, animal

care (i.e., special caging, water, feed, or waste disposal, etc.). Include justification for exemption from participation in the environmental
enrichment plan for nonhuman primates or exercise for dogs. None

3- fluorouracil

Procedures are in place for any accidental spillage of 5-fluorouracil (5-FU). The procedure involves absorbing the material if the spill is less than

10 ml, washing the exposed area with sodium hEdmxide (lO%i, then water, and disposing of the collected material as MPW. If the spill is greater
than 10 ml, the area is to be evacuated and the azard Response Unit called by 911.

Intracerebral injection of excitotoxins

From our previous experience working with these lesion-producing agents we do not expect any long-term adverse effects on the animals
related to the excitotoxic lesions. However, during surgery respiratory arrest is an occasional side effect of cerebral injection of large volumes
of ibotenic acid. Also when NMDA is injected we might observe tachycardia. If this occurs we administer propranolol or other agents, under
the guidance of the NIMH veterinarian, and will stop the injections until the heart rate returns to normal. When such procedures are being
undertaken, the NIMH and CAF staffs are alerted. The animal is watched closely while being maintained on the respirator and the veterinarian
is advised of the situation and consulted as needed. Past instances of respiratory arrest or tachycardia have usually resolved (i.e. the animal
resumes breathing on its own) within 30 minutes to 5 hours.

Hearing protection in fMRI experiments

Monkeys have been tested systematically on potential hearing loss before and after multiple scanning sessions using sound protection with
silicone molds. Specifically, the monkeys' hearing ability between 892 and 7996 Hz, as well as their middle car function, was tested on multiple
occasions by audiologists using distortion product otoacoustic emission (DPOAE). The audiological results showed normal function before and
after full data acquisition (K Tanji et al, Neurolmage,2010).
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0. CONCURRENCES: PROPOSAL NUMBER ~ (LEAVE BLANK)

Laboratory/Branch Chief: (certification of review and approval on the basis of scientific merit.
Scientific Director's signature required for proposals submitted by a Laboratory or Branch Chief)

Name Signature ___Date

NIH Safety Representative:. (signaturc represents certification, compliance and concurrence for use of
material listed in the Hazardous Material Section)

DOHS Safety Representative:

Name._ — ~ Signatre Date
DRS Safety Representative .
Name Signature - Date

Facility Manager: (certification of resource capability in the indicsted facility 1 gupport the proposed study)
Facility PNl occondary name  [JNRPRIRIINY sccondary name [ REUCII

Facility Name , Signature S Date

Facility Name Signature ] Date

Facility Name Signature Date
COMMENTS:

Facility Veterinarian: Certification of Review  psswmpm—

Name Signature / ’ Date / 2. //5/20/4
Name / Signature ™ Date

Name Signature Date

Name .y Signature Date

NIMH Institute Veterinarian: Certification of Review
Name - Signature - —_Date .

P. FINAL APPROVAL:
Certification of review and approval by the Animal Care and Use Committee Chairperson

Chairperson Signature = _ Date
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AS? ||_LN-20

NATIONAL INSTITUTE OF MENTAL HEALTH

Leave Blank

approvaL pate 3/ ) 7 Zlg

ANTIMAL STUDY PROPOSAL AMENDMENT FORM

A.  ADMINISTRATIVE INFORMATION APPROVED
Principal Investigator: Elisabeth A. Murray ACUC

ASP Title: Neural Substrates of Sensory Memory, Reward, and Emotion

(List name and affiliation of any persons being added) In addition, training and experience forms must be
provided for these individuals.

NAME Position Title, Affiliation

B. ANIMALS NEEDED (List species, suain, nhumber. and source of any additional animals)

SPECIES STRAIN SOURCE NUMBER

C. TRANSPORTATION (Indicate any changes in transportation. This section must be
addressed if housing in the ACRF facility is being added; note: all amendments highlighted in
red and bold font):

Transportation of animals must conform to all NIH and Facility

guidelines/policies. If animals will be transported between facilities, describe the

methods and containment to be utilized. 1f animals will be transported |
also include the route and elevator(s) to be utilized.

Monkeys will be transported from monkey home
N . b:cl allowing the

approved transportation SOP for this facility. Anesthetized monkeys, scheduled
for either MRI or CT scans, will be transported in covered transportation carts,
and awake monkeys will be transported in transportation chairs. Awake monkeys
will be covered and restrained with a minimum of two forms of restraint when
being transported through public areas. In addition to the restraint provided by the
chair itself, a chain attached to the chair will also be hooked to the monkey's
collar.

The animals are transported from to and
back using an approved opaque transport box and following the approved

transportation SOP. For CT imaging, there will be two people with the monkey at
all times. Anesthetized monkeys will be transported in an approved, specificall
designed, covered, opaque transport box. We will enter W

intil the locked door
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location is reached. We will then call for the CT technician to meet us and

escort us through the locked corridor that houses the location

All and NIH Transportation Guidelines will be
followed,

D. PURPOSE OF AMENDMENT (Briefly explain the purpose of the amendment and how
the proposed changes fit with the objectives of the original ASP):

The purpose gf
another site
(CT) may take place.

o include additional information regarding
where Computed Tomography

E. JUSTIFICATION FOR NUMBER OF ANIMALS REQUESTED (You must

provide numbers justification for any additional animals): No changes.

F. DESCRIPTION OF EXPERIMENTAL DESIGN AND ANIMAL
PROCEDURES (Describe all new experiments and/or changes in existing experiments and
animal procedures, Be sure to include study endpoints and possible adverse cifects. The same
level of detail should be provided as would be in 4 full ASP.; note: all amendments highlighted

in red and bold font)

Computed Tomography (CT) Imaging:

All monkeys will be sedated throughout the transport and scanning procedures for
scans. We will use the same anesthestic drugs and doses as
we normally use for ! scans. Typically, for structural scans the animal is pretreated

with atropine (0.05 mg/kg IM) or glycopyrrolate (15 meg/kg IM) and then anesthetized
with 10 - 15 mg/kg ketamine IM, followed by ecither dexmedetomidine (0.005-0.05
mg/kg IM) or diazepam (0.5 - 1.5 mg/kg IM) given 30 min prior to the scan.
Supplemental doses will be ketamine alone. The ketamine/dexmedetomidine and
ketamine/valium combinations have proven to be a safe and effective anesthetic for this
and similar procedures. The animal is then transported in an approved, specificall

designed. covered, o aque transport box via an approved route
ocation

During the transport the animals are placed on their side an
checked to ensure the airways are open. Once in the scan room they are placed in a
stercotaxic head holder which secures their head in a stationary and standardized
orientation. This orientation also ensures the airway is open through the scanning session.
Total scanning time per monkey will be about 5 minutes. Once the scan is complete the
monkeys will be returned to their home cage and monitored until awake and sitting
upright. Total time from sedating the animal to return to its home cage for a single animal
is about 45 min and no more than 60 minutes for two,
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There will be two people with experience in working with monkeys present at all times.
During transport of the animals we will not wear PPE but once the animal is in the CT
room and before opening the cart we will put on the appropriate PPE (e.g. lab coats,
gloves, and face shield). The monkey will be fully wrapped in a disposable absorbent pad
with moisture-proof plastic lining. The bed of the scanner will be covered with absorbent
pads. The door to the CT scanner will be kept closed. At the end of the scanning session
we will remove and discard in a trash bag all disposable items. These items will be
brought back to%hem they will be disposed of in MPW waste. The CT bed,
inside the scanner, and floor will be cleaned with disinfectant. All nd NIH
Transportation Guidelines will be followed.

G. SURVIVAL SURGERY (Describe all additional or changes in surgical procedures to be
performed. Include information on aseptic technique, identification of individuals conducting
procedures. post-operative monitoring, and location. 1f multiple survival surgeries are proposed,
the total number of surgerics must be indicated clearly; this includes cases where animals will
have undergone surgery on previous studies.)

No Changes

H. PAIN OR DISTRESS CATEGORY: List the category for new animals to be added under
amendment. IF ANIMALS ARE INDICATED IN COLUMN E, A SCIENTIFIC JUSTIFICATION
IS REQUIRED. PLEASE COMPLETE THE EXPLANATION FOR COLUMN E LISTINGS
FORM AT THE END OF THIS DOCUMENT. THIS FORM WILL ACCOMPANY THE NIH
ANNUAL REPORT TO USDA.
Number of Animals

Column C - Minimal, Transient, or No Pain or Distress

Column D - Pain or Distress with relief

Column E - Unrelieved Pain or Distress***

HI. LITERATURE SEARCHES (If the amendment warrants, describe additional consideration of
alternatives to new procedures listed for Column D and E animals as in the original ASP. 1f any
new animals are classified in Pain Column E, the Column E Justification Form must be completed
as well.)

L ANESTHESIA, ANALGESIA, TRANQUILIZATION (Describe anesthesia and
analgesia methods for all proposed procedures: if identical to methods outlined in original study,
indicate so.) No Changes

J. Euthanasia (Describe proposed method of euthanasia; it identical to methods outlined in original
study, indicate so.) No Changes
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ASP #_LN-20

NATIONAL INSTITUTE OF MENTAL HEALTH

Leave Blank
ANIMAL STUDY PROPOSAL AMENDMENT FORM
ApPROVAL DATE, / 2 / 7 // 7
A. ADMINISTRATIVE INFORMATION APPROVED
Principal Investigator: Dr. Elisabeth (Betsy) Murray ACUC

ASP Title: Neural Substrates of Sensory Memory, Reward, and Emotion

(List name and affiliation of any persons being added) In addition, training and experience forms must be
provided for these individuals.

NAME Position Title, Affiliation

B. ANIMALS NEEDED (List species, strain, number, and source of any additional animals)
SPECIES STRAIN SOURCE NUMBER

C TRANSPORTATION (Indicate any changes in transportation. This section must be
addressed if housing in the ACREF facility is being added):

D. PURPOSE OF AMENDMENT (Briefly eXplain the purpose of the amendment and how
the proposed changes fit with the objectives of the original ASP):

The purpose of the amendment, specifically for page 12 of the ASP under Section F:
“Description of Experimental Design and Animal Procedures,” subsection titled
“Tastants,” is to include additional information regarding the types of tastants that will be
used in studies involving the delivery of fluid rewards during testing.

E. JUSTIFICATION FOR NUMBER OF ANIMALS REQUESTED (You must

provide numbers justification for any additional animals):

E, DESCRIPTION OF EXPERIMENTAL DESIGN AND ANIMAL

PROCEDURES (Describe all new experiments and/or changes in existing experiments and
animal procedures. Be sure to include study endpoints and possible adverse effects. The same
level of detail should be provided as would be in a full ASP.; note: all amendments to the

existing amendment are highlighted in red and bold font)
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Tastants: Tastants, or types of fluid outcomes, are typically used in both human
studies (WK Simmons et al, Nat Neurosci, 2013; DM Small et al, Neuron, 2008)
and nonhuman primate investigations (C Padoa-Schioppa and Assad, Nature,
2006; Rolls et al, ] Neurophysiol, 1990), not only as a reward for performing a
task, but also as a means of identifying areas responsive to tastes. These studies
have used a variety of tastants ranging from positive (sucrose, sucralose,
aspartame, salt, various flavored fruit juices or solutions) to neutral (water,
artificial saliva), to mildly negative (quinine, HCI, citric acid). We will be using
different tastants to map responses to differing tastes or flavors, and to test
monkeys' abilities to form associations with visual cues and different taste
outcomes. Taste outcomes will be different types of solutions in three categories:
positive, neutral, or mildly negative. A positive reward will be an aqueous
solution with sucrose [0.1 M], sucralose [ImM] or fruit juice. A neutral reward
will consist of a solution containing sodium bicarbonate [0.3mM] and potassium
bicarbonate [0.3mM] (personal communication, A. Fontanini, January 29, 2015)
to mimic saliva. A more complex saliva substitute contains NaCl (0.002M), KC1
(0.005M), sodium bicarbonate (0.003M), potassium bicarbonate (0.003M),
magnesium chloride (0.00025M) and potassium phosphate (0.00012M). Saliva
substitutes will be used at these concentrations and at 75%, 50% and 25%
dilutions. Quinine [ImM], a bitter tastant, or a dilute solution of either citric acid
[10mM] or hydrochloric acid [ImM] (VL Smith-Swintosky et al, J Neurophysiol,
1991) are mildly negative. The monkeys will be presented with these fluids ina
testing booth as well as the fMRI scanner. Use of these and similar tastants is
commonplace in research settings and is expected to have no adverse
consequences.

We plan to conduct studies that investigate the neural bases for flavor-
nutrient learning. This type of learning is thought to rely on signaling via the
gut-brain axis. On occasion, monkeys will consume a flavored fluid (tastant)
mixed with maltodextrin, a flavorless and odorless food additive, at five
different increments (0, 37.5, 75, 112.5, or 150 kilo-calories) at their home
cage. This will have the effect of altering (increasing) the value of the
flavored fluid (see: Yeomans et al, Physiol & Behav, 2008; de Araujo et al,
Curr Biol, 2013; Veldhuizen et al, 2017, Curr Biol). As in the selective
satiation procedure described above, we use this experimental manipulation
to test the animal's ability to represent food value. Both the flavors and the
maltodextrin are commercially available and widely used in studies of human
flavor-nutrient learning. We anticipate no adverse consequences following
the ingestion of either maltodextrin or the flavored fluids.

SURVIVAL SURGERY (Describe all additional or changes in surgical procedures to be
performed. Include information on aseptic technique, identification of individuals conducting
procedures, post-operative monitoring, and location. If multiple survival surgeries are proposed,
the total number of surgeries must be indicated clearly; this includes cases where animals will
have undergone surgery on previous studies.)
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