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A. PROTOCOL OBJECTIVE:

In clear, concise, non-technical, lay language (i.e., language understood on a sixth to eighth grade
reading level and the type of writing style used in newspapers), summarize the background, general
hypothesis, experimental plan, and relevance of the study to the advancement of scientific knowledge
and/or the benefits to human and animal heaith. All abbreviations must be defined.

Scientific abstracts from grant applications or journal articles are not acceptable.

Goal: Itis well known that the hormone estradiol, also called estrogen and produced by a women's ovary, acts on
several tissues and elicits effects beneficial to women's health. Thus, cessation of estrogen after menopause
increases risk for development of cardiovascular disease, diabetes, and bone loss as just a few examples. Studies,
including those in our laboratories using the baboon as a model for the human, have now confirmed that estrogen
also plays a critical role in pregnancy and is required for pregnancy to proceed, for the feius/baby to grow and be
delivered and ultimately develop outside the mother's womb. Uniquely in humans and nonhuman primates such as
the baboon but not animals such as rodents, while the mother's ovary remains the source of estrogen during the
first trimester, the placenta becomes the producer of estrogen thereafter. Moreover, placental estrogen production
in primates requires participation of the fetus. Thus the fetus, mother and placenta interact and actually communicate
with each other via the hormone estradiol. Unfortunately, it is impossible to perform in women invasive experiments
that interrupt this maternal-fetal-placental communication to study the role of estrogen. Therefore, our understanding
of the sites and means by which estrogen works and assures that the fetus grows remains incomplete. As a
consequence, the incidence of premature birth, poor fetal growth, maternal diseases such as high-blood
pressure/pre-eclampsia remain high. Also, unlike many years ago, women today are exposed to compounds in the
environment known as endocrine disruptors several of which e.g. bisphenol A (BPA) either enhance or inhibit the
actions of estradiol.

Using the baboon as a translational research model for the human, we recently showed that exposure of the
mother early in pregnancy to a very small increase in estradiol significantly decreased remodeling of mom’s uterine
blood vessels by placental cells. This process, called uterine artery remodeling (UAR) is essential for development
of normal maternal and fetal cardiovascular function in pregnancy and diseases such as pre-eclampsia in women
are thought to be due to improper remodeling of the mother's spiral arteries. The present proposal outlines studies
to determine the sites and mechanisms of estrogen action on the mother’s uterine arteries and how fetal blood flow
becomes reduced/compromised when the maternal vessels are poorly remodeled. If blood is not adequately
supplied to the placenta, the fetus does not get maternal nutrients including oxygen and foods like glucose and thus
does not grow normally and also becomes oxygen-deprived and has poor vascular function. We also propose
studies to determine whether the negative impact of defective UAR on fetal blood flow is still apparent when the
fetus is born and develops as an adult. By knowing how and the sites/factors regulated by estrogen, we can design
studies in women to begin to determine who might be at risk and design methods/approaches to reduce the impact
of the disease. ‘

Qur laboratories also showed that inhibition of the increase in placental estradiol production in the second half
of pregnancy altered development of key organs in the fetus including the adrenal gland and skeletal muscle. In
addition, babies born to mothers in which placental estradiol was suppressed exhibited a reduced response {0
insulin, a condition known as insulin resistance. These findings indicate that insulin resistance which leads to
diabetes or uncontrolied high blood sugar may have its origins in the womb and that estrogen acts on fetal tissues
to prepare them to respond to insulin when the individual is an aduit. We call this effect of estrogen, programming.
The sites and mechanisms by which estrogen is working to program the fetus remain to be determined. Thus a
major goal of the second series of experiments outlined in this protocol is {o elucidate the latter. Interestingly, our
new preliminary data suggest that estrogen appears to regulate development of the microvessel network in fetal
skeletal muscle which is needed for delivery of glucose and insulin.

To accomplish our goais and study the role of estrogen in pregnancy, pregnant baboons wili be freated with
esiradio!l or a specific inhibitor of estrogen synthesis alone or in combination with estrogen. Treated/untreated
animals will be delivered by cesarean section at early, mid or late gestation and the placenta and fetal tissues
collected and studied for aspects of biochemical/physiologic maturation. in cther experiments, treated/untreated
animals wiil be delivered near term and offspring reared to aduithood. Development of microvessels, vascular
function {e.g. ability to control blood pressure), blood vessel flow and glucose (sugar) regulation as indexes and/or
predictions of development of diabetes will also be determined. These studies serve as a model for the human and
are designed to provide new information which will enhance our understanding of the causes of pregnancy
complications in women {e.g. preeclampsia; fetal growth retardation and prematurity per se) and the role of placental
hormonss in utero on programming fetal organ systems critical for development of appropriate vascular {e.g. blood
pressure/flow) and metabolic (e.g. glucose-diabetes) function in adulthood.
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B. SEARCH FOR ALTERNATIVES:

In an effort to minimize pain and distress, the Animal Welfare Act (AWA) regulations require
Principal Investigators (Pls) to consider alternatives to procedures that may cause more than
momentary or slight pain or distress to animals. The AWA also requires Pls to provide a written
narrative of the methods used and sources consulted to determine the availability of
alternatives, including replacement, reduction, and refinement of animal use. These
alternatives should be consistent with the goals of the proposed research. Potential
alternatives that do not allow the attainment of the goals of the proposed research are not, by
definition, alternatives. The “3 Rs” are defined below:

REPLACEMENT: An alternative that will be equally informative. Replacements include, but are not
limited to, in vitro models, in silico methods, invertebrate models, and vertebrate models.

REDUCTION: Reducing the number of animals to the minimum required to obtain scientifically valid
data and demonstrating that the proposed research does not unnecessarily duplicate previous work.
Reduction includes statistical methods to reduce animal numbers, and it addresses whether or not
animals can be reused for other purposes.

REFINEMENT: A procedure that lessens or efiminates pain or distress, thereby enhancing animal
well-being. Housing, environmental enrichment, animal identification, anesthesia, analgesia, and
euthanasia procedures can be refined, in addition to activities normally thought of as procedures,
such as surgeries, tissue or fluid collection, etc.

The fundamental goal of the AWA and USDA Policy #12 is to minimize pain and distress to
animals; consequently, the regulations state that any proposed animal activity or significant
changes to an ongoing animal activity must include the following: (1) a rationale for involving
animals, and the appropriateness of the species and the number of animals to be used; (2) a
description of the procedures or methods designed to assure that discomfort and pain to
animals will be limited to that which is unavoidable in the conduct of scientifically valuable
research, and that analgesic, anesthetic, and tranquilizing drugs will be used where indicated
and appropriate to minimize discomfort and pain to animals; (3) a written narrative description
of the methods and sources used to consider alternatives to procedures that may cause more
than momentary or slight pain or distress to the animals, and; (4) the written assurance that the
activities do not unnecessarily duplicate previous experiments.

DATABASE SEARCHES

A database search is considered to be the most effective and efficient method for demonstrating
compliance with the federal regulations for consideration of alternatives to painful and distressful
procedures, although other sources, such as conferences, colloquia, subject expert consultation, etc.,
may provide relevant and up-to-date information regarding alternatives, in fieu of or in addition to a
database search. Institutional policy requires investigators to specify at least two {2) databases
or other acceptable sources that were used {o determine that alternatives to animals have been
considered, that the minimal number of animals have been requested, that the proposed research is
not duplicative of previous work, and that alternatives to procedures that may cause more than
momentary or slight pain or distress to the animals have been considered. For all database searches,
the following information must be provided: (1) the name of the database; (2) the date the
search was performed; (3) the time period covered by the search, and; (4) the key words and/or
the search strategy used.
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Laboratory Animal Welfare "
Biblio. {NLM)

Animal Welfare Information Ctr

2. List any consultations with investigators in the field. The consultation(s) should be related to replacements,
reductions, and/or refinements and not simply to the science behind the research. (This information is not
required if two database searches were performed and documented above.)

N/A
3. Provide a brief narrative regarding search methods used, but not listed above.

The research outlined in this protocol has consistently developed and been supported in large part by NIH R01 HD
132984 (1980-2013), U54 HD 36207 (1997-2010) and more recently by NiH DK 083590 (2013-2017) and HD 093070
(2017-2022). DK 093590 will be submitted as a new application to NIH on June 5, 2018 and reviewed for renewal in
October with expected start-date in March/April, 2019. The competing renewal of this grant scored a 20" percentile; but
was approximately 7% away from the funding line. However, a significant aspect of work/studies developed under the
auspices of this grant are still in progress and funded by departmental andfor EVMS sources and data being published
and used as supporlive rationale/preliminary data for the grant submitted to the NIH. All previous grant submissions
have consistently been viewed as exhibiting outstanding clinical/translational relevance to the human. Since 1981, the
research program using the pregnant baboon model to study placental-fetal development has resulted in publication of
over 150 manuscripts in peer-reviewed journals with high impact factors (e.g. Endocrinology) as well as seminal review
chapters in "Endocrine Reviews" and book chapters. In addition, a search of the literature was performed in consuitation
with _ librarian at EVMS. The databases searched included: Medline and Web Of Science (Science
Citation Index) and employed key words most notably baboons, humane endpoint, refinefreduce/replace, placenia,
pain/distress/ stress/suffering, preeclampsia, insulin resistance, cesarean section complications, animal models, and
animal welfare. The Medline search also employed several other key words (e.g. estrogens/estrogen receptor
modulators antagonists, estrogen receptors). The initial search history (2015-2018; 3 year update) identified {depending
on key word) anywhere from 80 to over 2,571,439 results; a refined search of these hits indicated that none outlined an
alternative procedure for the studies we have outlined in our prolocol. Moreover, of the several manuscripts
cited/abstracts printed as relevant to the search questions, several were publications from my laboratory. Although
studies using rodents were identified, the rodent (including rat, mouse, guinea pig) is not an acceptable model for
studies of human placental-fetal development. Thus, these animals either do not have a fetal-placental unit, do not
exhibit fetal organ system maturation (e.g. adrenal glands; gonads) as occurs in ufero in the human andfor exhibit
unique patterns of postnatal development not typically noted in the human. Most importantly, the type of placenta and
thus transfer of maternal substrates across the placenta to the fetus, as well as the fetal hormonal milieu of rodents and
even large farm animals (e.g. sheep) are significantly different from that in the human. In contrast, and substantiated
by the literature search, the baboon is a well-established model! for studies of human pregnancy.

C. NARRATIVE: The narrative must address the following:

4. Provide the rationale/justification for animal use. Discuss the alternatives (e.g., cell lines, computer
simulations, or artificial bodies) that were considered.

There is no way to perform these studies in humans and the potential impact on the development of new treatment
regimens for maternalffetal medicine is profound. For example, based primarily on epidemiologic evidence as well
as in vitro studies it has been proposed that defective UAR underlies ischemic placental disease, which is thought
to be the cause of intrauterine growth restriction (IUGR), early-onset pre-eclampsia, and preterm birth. Unfortunately,
while invasion of the uterine spiral arteries may indeed be the cause of these disease the combined incidence which
affects up to 15% -20% of all pregnancies, no one has been able to demonstrate cause:effect. Moreover, in March,
2015 NIH put out an RFA requesting proposals to not only come to understand regulation of placental development
including UAR, but to develop new imaging technologies that can measure UAR and when it is defective whether
that can be detected early in the pregnancy before onset of disease which typically occur later in the pregnancy. Our
animal model is Ideal for that and we have recently submitted a proposal in this regard. Our funded studies show
that too much estrogen early in pregnancy may be a causative factor and women in IVF (ART) programs almost’
always have extremely high levels of estradiol and progesterone in early stages of their pregnancies and the risk for
having an IUGR baby or mother developing preeclampsia are much higher in IVF pregnancies than normal. Other
animals, such as rodents, cannot be used for such studies as they differ (e.g. placentation) considerably from the
human. The baboon, like humans has a fetoplacental unit and a similar hormonal profile, placental development and
metabolic machinery and fetal adrenal and ovarian anatomy, biochemistry and developmental pattern. Moreover,
examination of isolated human tissue or computer simulations does not permit elucidation of the interaction between
mother, placenta, and fetus in pregnancy maintenanceffetal development/ parturition. Moreover, such studies do not
permit testing of what happens in ufero that actually impacts physiological outcomes in adulthood. As emphasized
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n=8/group and pooled estimate of variance (¢) of 2.0, there will be at > 82% power to identify differences between the
3 or 4 treatment groups. For the acute glucose tolerance tests stimulation and in vitro sfudies of adrenal function
comparison of data at different time points will consist of a repeated measures mixed-model ANOVA with freatment
as fixed effect and subject as random effect.

D. USDA PAIN CODES:

11. For each of the appropriate pain code descriptions, list the species (and the animal strain, if
applicable) and the number of animals to be used each year. Please provide the 3-year total for
each pain code level.

Level B

Breeding or holding colony protocols where animals do not undergo any manipulation.
generated during breeding should be inctuded in Level B.

Unused pups

Species Year 1 Year 2 Year 3 Total
Bahoon {Papio anubis/cynocephalus) aduit
mate breeders (9) and spontaneously 6 6 6 18
aborted/still birth fetus (~8)
Levei C

Teaching, research, experiments, or tests conducted on animals inveolving no or momentary/slight pain or
distress {e.g., euthanizing animals for tissues; injections; observation under normal conditions; positive reward
projects; use of Acepromazine for vasodilatation in rabbits) and for which no pain-relieving drugs are used.

Year 1 Year 2 Year 3 Total

Species

Baboon (Papio anubis/cynocephalus)
fetuses

21 21 22 64

Level D

Teaching, research, experiments, surgery, or tests conducted on animals involving a degree of pain or distress
(e.g., non-survival surgery; survival surgery; antibody production; subcutaneous implants; induced infections)
and for which appropriate anesthetic, analgesic, or tranquilizing drugs are used to relieve pain and

distress.
Species Year 1 Year 2 Year 3 Total
28 adult 26adut | (208 | fomeien And
Baboon (Papio anubis/cynocephalus) females and 13 | females and 14 EVMS- 40 EVMS-
Adult females and juveniles EVMS-born 13 EVMS-born born born
juveniles juveniles juveniles juveniles
Level E

Teaching, research, experiments, surgery or tests conducted on animals involving a degree of pain or distress
and for which the appropriate anesthetic, analgesic or tranquilizing drugs are NOT used because their
use will adversely affect the procedures, resuits, or interpretation of the teaching, research,

experiments, surgery, or tests. (SCIENTIFIC JUSTIFICATION 1S REQUIRED)

Species

Year 1

Year 2

Year 3

Total

None

Below, pleasa provide scientific justification for use of Level E animals:
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E. STUDY PROCEDURES:

12. Please indicate all procedures to be performed in this study. (Attach all required forms)

_X_ Non-Survival Surgery (Complete Attachiment E, ANIMAL SURGERY)

X Single Major or Minor Survival Surgery (Complete Attachment E, ANIMAL SURGERY)

X ' Multiple Major Survival Surgery (Complete Attachment E, ANIMAL SURGERY)

| Prolonged Restraint (Complete Attachment C, PROLONGED PHYSICAL RESTRAINT OR STRESS)

X_| Collection of Tissues, Cells, or Organs

__| Adverse Conditioning

Special Diet

| Food/Water Deprivation (Complete Atachment G, PROLONGED PHYSICAL RESTRAINT OR STRESS)

X | Use of Bichazards or Chemical Agents (Complete Attachment D, USE OF HAZARDOUS AGENTS)

Burns or Trauma

| Antibody Production (Complete Attachment F, ANTIBODY PRODUCTION)

| Use of X-Rays or Other Radiation

Tumor Transplantation/Induction

| Toxicity Testing (LD-50) (Complele Attachment G, DEATH AS AN ENDPOINT)

X Use of Non-pharmaceutical-grade Chemicals or Other Substances (Complele Question 17a)

X | Use of DEA Controlled Substances (Complete Question 15)

Photographs and/or Videos (See the CompMed Camera/Cell Phone Use Policy)

X Teaching or Training Protocol (Complete Question 12a)

12a. f this is a teaching or training protocol, please check all that apply.

Undergraduate or graduate students

Continuing education students (M.D.)

X ‘| Only dead animals or tissues obtained through euthanasia by the Pl will be used.

| Demonstration (Pl only performing procedures)

| Student involvement (Students performing/assisting with procedures)

- | Use within a Biomedical Sciences Course {ID #/Name: )

| Other (Please explain)
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F. RESEARCH DESIGN:

13. The IACUC reviewers are scientifically knowledgeable; however, they may not be experts in your specific
field of study. Please provide a brief (i.e., one or two paragraphs) overview of the project design and how
each experimental goal relates to the project design. The description should provide a sequential overview
of all procedures and should account for each animal subject by experimental group. The overview should
be followed by a chronological description of all experimental procedures related to the care and use of the
animals. The use of tables and flow charts to organize the procedures, numbers of animals, and
schedules is recommended. Do not paste in method sections from grant applications or journal articles.
Do not include methods pertaining to in vitro work, unless it applies to the care and use of animals. For each
animal or experimental group, provide information on the duration of each procedure (i.e., fluid or tissue
collections, methods, sites, volumes/weights, frequencies, etc.) and the total time from initial contact to
completion. Although procedures involving drug manipulations and surgery are detailed in other
sections of this form, their application in the research design should be stated here. Any procedures
not covered in later sections of this form must be completely detailed in this section.

By reading only this section of the Initial Review Form, the IACUC should be able to clearly
determine each experiment being performed on each individual animal.

General overview of the project:

The overall goal of the project is to elucidate the role of estrogen in primate pregnancy on development of the
fetus/placenta and impact on physiologic processes in the offspring. Over the past 35 years this laboratory using the baboon
as a model for human pregnancy, has shown that estrogen is a key hormone important for placental and fetal development.
Moreover, our studies have shown that critical organ systems as well as metabolic processes in the fetus appear to be
programmed by estrogen, consistent with the new prevailing theory that in addition to our genetic makeup, who/what we
are physiologically as adults is established in utero by epigenetic mechanisms {e.g. programming). Thus, interference with
this intrauterine programming either by premature birth, poor fetal growth, exposure to environmental factors that interfere
with and or enhance estrogen action increase the risk for development in adulthood of diseases such as hypertension and
diabetes. Thus, it is critical to understand what estrogen is doing. However, in examining the role of estrogen it is impartant
to recognize that the source and levels of this hormone change during pregnancy. During the first trimester (days 1-60 in
the baboon; term = 184 days), the maternal ovary is the source of estrogen and maternal (as weli as fetal} estradiol levels
are typically relatively low and more like that during the follicular phase of the mother's menstrual cycle (i.e. <300 pg/ml).
At the end of the first trimester, the placenta takes over and becomes the source of estradiol. As a result, the maternal {(and
fetal) levels of estradiol increase daily throughout the second half of gestation and by term exceed 5,000 pg/ml (fetal
estrogen levels are about 20% of those in the mother). Based on our studies and proposed new experiments, too much
| estrogen early in gestation (e.g. as can occur in 'in vitro” pregnancies; exposure of mother to estrogen like-molecules in
| the environment) or interference with the availability/action of estrogen during the second half of gestation (exposure to
environmental inhibitors of the estrogen receptor; premature delivery; placental ischemic diseases) are equally harmful to
placentalffetal development and physiologic function in aduithood. Indeed evidence shows that babies born to mothers
with these diseases develop insulin resistance which often progresses to diabetes,

STUDY i: ROLE OF ESTROGEN IN EARLY GESTATION

During the period of relatively low estrogen, numerous events occur that are essential for establishment of a successful
pregnancy. Notably, the placenta and fetus must develop blood vessels, gain accessibility to nutrients in mother's biood and
coordinate/regulate blood flow. To accomplish these things, celis in the newly developing placenta, specifically the extra
villous trophcblast (EVT) migrate and attach to the uterine spiral arteries that supply mother’s blood to the uterus and
products of conception. These placental cells erode about 80%-90% of the smooth muscle that comprise the blood vessels.
Moreover, about 50%-70% of the vessels are "invaded" by the placental cells a process termed remodeling and which
renders these vessels unable to respond to vasoactive agents and thus do not contract (e.g. when mom gets
anxious/stressed). Thus, the invaded vessels are transformed from low-capacity-high resistance to high capacity-low
resistance vessels and blood just “dumps" into the placental intervillous space and serves as a reservoir of nutrients (e.g.
oxygen; glucose) for the fetus. The vessels offer no resistance to flow and as a result do not significantly influence mother's
biood pressure. This critical process is essentially over by the middie of the second trimester. But what regulates this and
why does it end at this time? This is a critical question because we now know that in women who develop the pregnancy
complications, preeclampsia and intrauterine growth restriction, there is “shallow placental invasion”, i.e., the mother's
uterine arteries are not adequately invaded by the placental cells. Preeclampsia is life threatening and oftern complicated by
increased maternal biood pressure and reductions/complications in placental and fetal blood flow that severely restrict fetal
growth. During the previous project period, we showed that by simply injecting the baboon mother in the first trimester with
estradiol and increasing estrogen levels to those normally seen at the Deginning of the second trimester, we inhibited
placental production of vascular endothelial growth factor (VEGF), blocked placental invasion of the uterine arteries, and
disrupted placental/fetal blood flow and response of the fetal-placental vessels to the vasoactive agent serotonin. In the
current project period we propose experiments to determine the mechanism by which estrogen elicits these effects and
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Experimental Treatment Groups:

Group 1. Untreated; maternal ivGTT* and FMD* day 80 and 90; fetus delivered and studied day 60-120 (n = 8)

Group 2: Untreated; maternal ivGTT (day ~80 and ~150) and FMD (day ~100 and ~160); fetus delivered/studied day 165-
170 (n = 8)

Group 3: Maternal letrozole daify days 100-170; maternal ivGTT (day ~80 and ~150) and FMD (day ~100 and ~160); fetus
delivered/studied day 165-170 (n = 8}

Group 4. Maternal letrozole + estradiol daily days 100-170; maternal ivGTT (day ~80 and ~150) and FMD (day ~100 and
~160); fetus delivered/studied day 165-170 (n = 8)

Group 5: Untreated; maternal ivGTT (day ~80 and ~150) and FMD (day ~100 and ~160); mothers deliver spontaneously
and offspring metabolic, vascular and adrenal function determined before and after puberty (n = 8)

Group 6: Maternal letrozole daily days 100-170; maternal ivGTT (day ~80 and ~150) and FMD (day ~100 and ~160); mothers
deliver via c-section and offspring metabolic, vascular and adrenal function determined before and after puberty (n = 8)
Group 7. Maternal letrozole + estradiol daily days 100-170; maternal ivGTT (day ~80 and ~150) and FMD (day ~100 and
~160); mothers deliver spontaneously and offspring metabolic, vascular and adrenal function determined before and after
puberty (n = 8)

Group 8: Fetal estradiol once day 160-175, delivered via c-section 6 to 24 hours post-injection fetus studied. (n=8)

Total number of pregnancies for Study II: N = 64 {(8/group x 8 groups)
Total number of neonates delivered/reared for Study Il: N = 24 (8/group x 3 groups)

Study Il Maternal Experiments

N= Treatment Group Blood Sampling “IVGTT(under ketofol, O, | FMD(under ketofol, 02 Delivery Status (under
via intubation} via intubation) isoflurane / O, intubation)
8 No treatment 2-4 day intervals under | early (~80-120d) and lale | early (~80-120d) and late | C-section ~60-120d felus
- ketamine sedation {~140-160d) gestation (~140-160d) gestation euthanized

24 With or without letrozole / 2-4 day intervals under | early (~80-120d) and late | early (~80-120d) and late | C-section ~165-175d
letrozole +estradiol (~100- ketamine sedation {~140-160d) gestation {~140-160d) gestation fetus euthanized
170d) both 115ug/kg

16 | With or without letrozole 2-4 day intervals under | early (~80-120d) and late | early (~80-120d) and late | Spontaneous delivery
+estradiol (~100-170d) ketamine sedation {~140-160d) gestation (~140-160d) gestation neonale survives
both 115ug.kg

8 With letrozole (~100-170d) | 2-4 day intervals under | early (~80-120d) and late | early (~80-120d) and late | C-section ~165-175d
115ug/kg ketamine sedation {~140-160d) gestation {~140-160d) gestation neonate survives **

[ Fetal estradiol (160-175d) 2-4 day intervals under | early (~80-120d) and late | early (~80-120d) and late | C-section 6-24hrs post
2uglkg ketamine sedation {~140-160d) gestation {~140-160d) gestation injection, fetus euthanized

* ivGTT = intravenous glucose tolerance test; FMD = test flow mediated dilation of brachial artery]
** Studies in offspring described on p. 18-19
Overall total number of pregnancies for Studles | and II: N = 104
Total number of neonates/offspring delivered/reared for Studies | and il: N =40

This research program continues to function as a collaborative effort with colleagues at the as has
occurred over the past 30 years. Thus, approximately 50% of the studies/animal treatments will be performed at the
dand 50% at EVMS and tissue samples shipped between Institutions. Therefore, a total of 53
pregnancies are required at EVMS. As treatments are associated with a 20% loss due to spontaneous abortion, or
fallure of neonate to thrive in an extrauterine environment, a total of 64 pregnancies (or 13 pregnancies/year over
a 5-year period) are required to complete the objectives outlined. Based on our experience and multiple use of baboons
(control, estrogen suppression, estrogen treatment etc), a population of 20 adult female and 3 adult male baboons (proven

breeders) is required to meet the objectives of this study. Because multiple surgeries are limited, we aiso have determined
that we need to purchase at least 3 and up to § adult female baboons yearly to “turn over" the colony.

SURGERIES/PROCEDURES IN ADULT PREGNANT ANIMALS:

HUSBANDRY:

All baboons are housed in USDA regulated cages. Socialization and behavior is monitored by Pl staff and CompMed
jointly. When possible, female baboons are soclalized and pair housed with compatible females. Some pairs are fully open
allowing free Interaction. In some cases as a result of aggressive behavior causing injury or other negalive physical
conditions, two females are 'partial paired’ meaning they do not have continuous free interaction but are restricted allowing
tactile contact and socialization on a limited level. There are some animals which cannot successfully be paired to any level.
All animals are housed in rooms with mulitiple other animals allowing for vocal and visua! stimuli. Sociatization records are
documented and kept by CompMed. Cycling adult female baboons are paired with male babocns for breeding purposes 5
days prior to ovulation as determined by perineal turgescence or sex skin swelling. Pregnancy is confirmed by ultrasound
on day 25 (day 0 = day of ovulation; perineal detumescence) and/or failure to menstruate and no swelling of sexual skin.

Bilood Sampling: Animals are sedated with ketamine (10-15mg/kg IM). Blood samples are taken from the femoral or
saphenous vein at 2-4 intervals dependent on treatment group. The area is cleaned with alcohol and blood samples (3-5
mi) obtained using 23g-21g needle for determination of blood chemistries (e.g. Na, K, glucose) and hormone profiles
(cortisol, androgens, estradiol; insulin, prolactin, growth hormone, ACTH). Blood chemistry will be checked monthly using in
house iSTAT analyzer. Animals will be weighed once a month when on study. The total blood sample volume is < 10% tolal
blood volume/not to exceed 10 ml/kg/month. Animals are returned to their home cage and monitored for recovery.
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Intravenous glucose tolerance test (ivGTT) at early and late gestation with amniocentesis at early gestation: An
ivGTT will be performed at early {(~80-120d} and late (~140-160d) gestation. Baboons (14kg -20kg body weight) are fasted

overnight, and sedated with ketamine, intubated and Q2 delivered. Back of both legs are shaved for catheter placement.
Anesthesia is achieved via IV into an antecubital vein and a constant infusion of ketamine (0.1 mg/kg) and propofo! (0.2
mg/kg) 0.6mi/minute. Once sedated, two baseline blood samples are collected and blood glucose and blood chemistries/gas
levels determined using iStat. Approximately three minutes later, at experimental time zero, a bolus of glucose (0.25
grams/kg BW) is injected over a 10-15 second period into the antecubital vein. Blood samples (total blood sample volume
< 10% total blood volume/not to exceed 10 mifkg/month) are collected from the saphenous vein catheter at 1, 3, 5, 10, 20,
and 30 mins. During the experiment, the animal is constantly monitored for BP, HR, respiration, and warmed via warming
hlanket. At early gestation, after final blood sample is taken, fetal/placental position is determined using GE Logic+
ulirasound, The abdomen is cleaned with alcohol and an 18g x 2in needle inserted through the uterine wall into the amniotic
cavity and 10 mi coliected, Fetal HR is rechecked. This portion of the procedure takes less than 10 minutes. At completion
of the experiment, animal is given 1cc (10mg/kg) iron dextran IM. Catheters removed and animal will be monitored for
swallowing reflex and response to stimuli before extubated. Animals are then returned to their cages. Completing ivGTT and
amniocentesis concurrently reduces the number of sedations.

Brachial arterial flow mediated dilation (FMD) following shear stress by Doppler ultrasound. A non-invasive FMD will
be performed at early (~80-120d) and late (~140-160d) gestation in adult pregnant. Briefly, baboons are fasted overnight,
and sedated with ketamine. Animals are intubated and Oz is delivered. Anesthesia is achieved via 1V into an antecubital
vein and a constant infusion of ketamine (0.1 mg/kg) and propofol (0.2 mg/kg) 0.6mliminute. Doppler flow analysis of brachial
artery diameter and flow determined before and after induction of shear stress. During the experiment, the animal is
constantly monitored for BP, HR, respiration, and warmed via warming blanket. Baseline measurements of the brachial
artery are taken once stable plane is established (BP and HR stabllize). Doppler flow analysis of brachial artery diameter
and flow will then be determined over a 5 minute period (7 measurements). To induce stress response, a blood pressure
cuff is placed distal to the brachial artery (wrist) and pressure increased to 50 mmHg above systolic pressure for § minutes
to occlude flow. The cuff is then released which induces shear stress (increased flow) which should induce endothelial cell
nitric oxide production and cause vasodilation. Fetal HR is checked at the start and finish of the experiment via ultrasound.
Once measurements are complete, anesthesia will stop and the animal will be monitored for swallowing reflex and response
to stimuli, extubated and returned to the home cage to be monitored until upright. Blood chemistry is evaluated at the start
or completion of the experiment.

Doppler analysis of utero-fetal-pfacental blood flow and response to serotonin at ferm (day ~160-170): As indicated
in discussion of Study |, uterine artey remodeling is suppressed in baboons administered estradiol (25 ug/kg maternal body
wt) daily on days 25-59 of gestation and have proposed that the latter impacts utero-placentai blood flow dynamics fater in
gestation. To test this hypothesis, we propose to determine basal (resting) and serotonin-induced uterine arterial and
umbilical (fetal) arterial and fetal middle cerebral arterial blood ffow dynamics as well as fetal heart rate using 2D Doppter
ultrasound during late gestation in pregnant bahoons untreated or treated on days 25-59 with estradio} (25 pgrkg; Study I).
Baboons are sedated with ketamine, and a catheter inserted into a peripheral saphenous vein and into an antecubital vein
and a constant infusion via the saphenous vein of ketamine (0.1 mg/kg) and propofol (0.2 mg/kg)/0.25 mi saline/minute
initiated and animals monitored for BP, HR, respiration, and warmed via warming blanket, A baseline blood sample (3-5ml})
is obtained IV catheter to determine blood chemistries, gases and acid/base status and subsequent analysis of estradiol,
progesterone and androgens. Animals are infused with saline (0.5 ml/min) for 20 minutes and fetali heart rate
measured/monitored and utering, umbilical, and fetal middle cerebral arterial blood flow dynamics determined during the
final 5 minutes of infusion using 2D Doppler ultrasound. After collection of baseline data, a maternal infusion of serotonin (4
ug/kg/min) is initiated and fetal heart continuously measured and blood flow/ chemistry studies performed during the final &
mins of this 20 minute infusion. Upon completion, the dose of serotonin is increased to 8 pg/kg BW/min and blood
flow/chemistry analyses determined as described. Infusion of serotonin will be stopped immediately should fetal heart rate
decrease to 80 bpm. if fetal HR stays below 80 bpm for more than 3 minutes, terbutaline wili be administered IV to the
mother under direction of the Attending Veterinarian (AV) to alleviate the fetal bradycardia. If fetal HR does not return to
normal and continues to drop or fetal demise appears imminent, a cesarean section will be performed after consulting with
the AV as described in our protocol. Fetal HR is checked at the start and finish of the experiment via ultrasound, At
completion of the experiment cathelers removed and animal will be monitored for swaliowing reflex and response to stimuii
before extubated. Animals are then returned to their cages.

Ultrasound quided fetal injection: On day ~160-175 of gestation under isofiurane anesthesia and ultrasound, baboons
are sedated with ketamine {10-15mg/kg), placed on isoflurane via cone mask, placenta/fetus is identified via ultrasound.
Once localized, a 3 inch 23 gauge needle is inserted through the uterine wall into the fetal rump or shoulder and estradiol in
1.0ml saline/5% ethanol injected. Needle is removed and fetal heart rate is checked. Baboon mothers are then returned to
home cage, monitered to recovery and 6-24 hrs later fetus is delivered via c-section.

Cesarean section. On days ~60 to ~170 of gestation based on the study group, baboons are sedated with ketamine {10-
15 mg/kg), intubated, and anesthetized with isoflurane/oxygen and vitals (e.g. HR, BP, CO2, RR, and temperature)
monitored by CompMed staff. A catheter is placed in the antecubital/brachial vein and IV fluids administered. A second
catheter is placed in the saphenous vein for blood sampling using a 19g catheter 24inches in length and IV fluids
administered (1.6 ml/min over a 90 min period). The animal's abdomen/surgical site is shaved and scrubbed with alcohol
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and disinfecting solution (e.g., Betadine). The animal is draped using sterile technique. Blood samples (3-5mi) are obtained
from the mother at '0’ time, mid-procedure and post-placental delivery via saphenous catheter. Prior to surgery, a proper
plane of anesthesia will be assured by lack of response to a noxious stimulus such as toe pinch. A vertical mid-line incision
is made using a 10 blade. The incision is 4-24cm in length depending on gestational age. Once the abdomen is open, the
uterus is externalized and examined for placenta location. Mother's ovaries are examined for evidence of ovulation/corpus
luteum. Two to four uterine vein blood samples are taken (5 ml) using a 23g needle. Warm, sterile fluids are applied to the
uterus as needed. Fetal crown is localized and a horizontal incision is made in the uterus to remove the fetus. A sampie of
amniotic fiuid is recovered using a syringe. Once the fetus is carefully exteriorized, umbilical vein and artery samples are
taken using a 23g butterfly set (4-8 mi) for hormone, metabolic and blood gas analyses. The umbilical cord is double clamped
to ensure the safety of the mother. At this point, one of four procedures will follow: 1) fetus is euthanized and mother recovers;
2) fetus and mother are euthanized; 3) fetus and mother survive; 4) fetus survives and mother is euthanized. Details of each
procedure will be outlined in separate Attachment £ forms.

SURGERIES/PROCEDURES IN ALL EVMS-BORN NEONATES:

Blood Sampling. Babies are examined daily by [l staff and weaned from their mothers at 8-12 months of age. At
2-4 week intervals beginning at approximately 6 months of neonatal age, mothers are sedated with ketamine and all
neonates removed, sedated with ketamine, weighed, a gross physical examination performed by P! staff and blood samples
(3 mi) obtained using 23g-21g needle for determination of blood chemistries (e.g. Na, K, glucose) and hormone profiles
(cortisol, androgens, estradiol; insulin, prolactin, growth hormone, ACTH). The following studies will be performed prior to
and after onset of puberty (total blood sample volume < 10% total blood volume/not to exceed 10 ml/kg/month). Animals
are returned to home cage and monitored for recovery.

Intravenous glucose tolerance tests with muscle biopsy T'0'&°30": An ivGTT will be performed prior to puberty at ~24-
30 months and at one-two year intervals after puberty into aduithood (to age 15 years). Briefly, baboons are fasted overnight,

and sedated with ketamine. Animals are intubated and Oz is delivered. Back of both legs are shaved for catheter placement.
Anesthesia is achieved via IV into an antecubital vein and a constant infusion of ketamine (0.1 mg/kg) and propofol (0.2
ma/kg) 0.6mlifminute. Once sedated, two baseline blood samples are collected and blood glucose and blood chemistries/gas
levels determined using iStat. Approximately three minutes later, at experimental time zero, a bolus of glucose (0.25
grams/kg BW) is injected over a 10-15 second period into the antecubital vein. Blood samples (total biood sample volume
< 10% total blood volume/not to exceed 10 ml/kg/month) are collected from the saphenous vein catheter at 1, 3, 5, 10, 20,
and 30 mins. During the experiment, the animal is constantly monitored for BP, HR, respiration, and warmed via warming
blanket. In the ivGTT performed at 24-30 months of age and in one ivGTT performed post-pubertal year of age, a biopsy of
skeletal muscle (vastus lateralis) will be obtained prior to (zero time) and 30 minutes after injection of glucose which will
cause a rise in insulin levels and allow us fo determine microvessel development in and responsivity of skeletal muscle (e.g.
expression of insulin signaling molecules; metabolic enzymes as determined by Western blot/RT-PCR) and relate findings
to insulin sensitivity/resistance as determined by the ivGTT. See Aftachment E for complete biopsy description. At
completion of the experiment, animal is given 1cc (10mg/kg) iron dextran IM. Catheters removed and animal will be
monitored for swaliowing reflex and response to stimuli before extubated. Animals are then returned to their cages.

Intravenous glucose tolerance tests without muscle biopsy: An ivGTT will be performed prior to puberty at ~24-30
months and at one-two year intervals after puberty into adulthood (to age 15 years). Briefly, baboons are fasted overnight,

and sedated with ketamine. Animals are intubated and Oz is delivered. Back of both legs are shaved for catheter placement.
Anesthesia is achieved via IV into an antecubital vein and a constant infusion of ketamine (0.4 mg/kg) 0.6ml/minute. Once
sedated, two baseline blood samples are collected and blood glucose and blood chemistries/gas levels determined using
iStat. Approximately three minutes later, at experimental time zero, a bolus of glucose (0.25 grams/kg BW) is injected over
a 10-15 second period into the antecubital vein. Blood samples (total blood sample volume < 10% total blood volume/not to
exceed 10 ml/kg/month) are collected from the saphenous vein catheter at 1, 3, 5, 10, 20, and 30 mins. During the experi-
ment, the animal is constantly monitored for BP, HR, respiration, and warmed via warming blanket. No muscle biopsies
will be taken during this ivGTT,

Terminal IVGTT with muscle biopsy T'0’&’30' For those animals that have completed the study of the role of estrogen in
pregnancy, a terminal study will be done as outlined above. Once second biopsy has been taken, the animal will be
euthanized via IV injection of Beuthanasia-D solution. Once death is confirmed with absence of heartbeat, tissues will be
harvested as listed later.

Brachial arterial flow mediated dilation (FMD) following shear stress by Doppler ultrasound; Non-invasive FMD will
be performed prior to puberty at ~24-30 months and at one-two year intervals after puberty into adulthood (to age 15 years).
Briefly, baboons are fasted overnight, and sedated with ketamine. Animals are intubated and Oz is delivered. Anesthesia is
achieved via IV into an antecubital vein and a constant infusion of ketamine (0.1 mg/kg) and propofol (0.2 mg/kg)
0.6mi/minute. Doppler flow analysis of brachial artery diameter and flow determined before and after induction of shear
stress. During the experiment, the animal is constantly monitored for BP, HR, respiration, and warmed via warming blanket,
Baseline measurements of the brachial artery are taken once stable plane is established (BP and HR stabilize). Doppler
flow analysis of brachial artery diameter and flow will then be determined over a § minute period (7 measurements). To
induce stress response, a blood pressure cuff is placed distal to the brachial artery (wrist) and pressure increased to 50
mmHg above systolic pressure for 5 minutes to occlude flow. The cuff is then released which induces shear stress (increased
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flow) which should induce endothelial cell nitric oxide production and cause vasodilation. This study will allow us to ascertain
whether endothelial function is compromised and thus programmed in utero. Once measurements are complete, anesthesia
will stop and the animal will be monitored for swallowing reflex and response to stimuli, extubated and returned to the home
cage to be monitored until upright. Biood chemistry is evaluated at the start or completion of the experiment.

Brachial artery flow by 2D Doppler and Microvascular flow by contrast enhanced ultrasound/microbubble (CEU/MB)
Doppler: An experiment is performed prior to puberty at ~24-30 months and repeated in the post-pubertal period at 6-12
years of age. Briefly, baboons are fasted overnight, and sedated with ketamine. Animals are intubated and Oz is delivered.
Anesthesia is achieved via [V into an antecubital vein and a constant infusion of ketamine (0.1 mg/kg) and propofol (0.2
mg/kg) 0.6mi/minute. During the experiment, the animatl is constantly monitored for BP, HR, respiration, and warmed via
warming blanket. 3-5mi bload is collected via saphenous or femoral vein for analysis of blood chemistries, acid/base and
gases (JISTAT), saline is infused (0.2 mi/min) via the antecubital vein and Doppler analysis of brachial artery diameter {right
or left arm) and fiow then determined over a § minute period (~7 measurements). Sterile lipid-encapsulated perfluorocarbon
gas 2 um diameter MB contrast agent (4 x 108/kg BW) will then be infused via the antecubital vein (1.0 ml/min). Bubbles are
recognized by the 6.0-2.0 MHz 6C2 curvilinear transducer/CEU probe stabilized over an area of the alternate arm and
regions of interest identified on the computer. The MB are then broken by increasing the mechanical index from 0.2 to 1.0
for 2 seconds. The rate of MB contrast agent replenishment is then determined over the subsequent 60 seconds (all
computerized; image capture = 1 frame/200 msec) and rate of refilling, slope and time to refilt reflect flow velocity and the
plateau achieved reflects total blood volume. Values are generated by computerized Axium Auio Tracking Contrast
Quantification software. The increase in mechanical index (noise) to 1.0 does not harm vessels or cause sonoporation which
requires increasing the mechanical index to 1.9. Baboons will then receive an infusion of pharmaceutical-grade
phenylephrine at 1-2 and § pg/kg bw/min/0.3 mi saling, or of chemical-grade acetylcholine (4 and then 8 pgfkg bw/min/0.3
mi saline) before and during concomitant infusion of chemical-grade N-nitro-L-arginine methyl ester (L-NAME; 40 ug/kg
bw/min) for 5-7 min per dose to permit the brachial flow and measurements. The maximum dose of phenylephrine (5 pg/kg
bw/min) proposed in the baboon is well within the range (10 pg/kg bw/min) that is administered to humans and which does
not elicit excessive hypertension or tachycardia. The maximum doses of acetylcholine (8 pg/kg bw/min) proposed in the
baboon, are the average dose infused to humans which do not cause excessive hypotension, bradycardia or cyanide toxicity
{NIH Daily Med Search; Medicine Onling; Reed et al.,, Am J Physiol E472, 2004). L-NAME (Chemical-grade) has been
infused in human studies at a dose of 67/pgfkg bw and elicited no untoward effects (Jones et al, J Physiol, 560:329, 2004).
Pharmacettical-grade L-NAME is not available and chemical-grade as used in human studies will be employed in proposed
experiments. At conclusion of the infusion of vasoactive agents, another blood sample (3-5 mi) will be obtained to verify
blood chemistries, gases and acid/base status of animals. infusion of octafluoropropane gas-filled albumin microbubbles
and CEU have been used to assess microvessel flow in non-pregnant humans with no adverse effects (Timmerman et al.,
JCEM 195:3848, 2010; Lindner et al., J Am Coliege Cardiac Imaging 1:343, 2008). Although vasoactive agents are not
expected to induce any major change in vascular/respiratory status, should a continued elevation or depression in BP or HR
or respiration occur during infusion of any dose of any of the vasoactive agents, the infusion will be stopped and if needed,
corrective action taken under the direction of the Attending Aeterinarian. At least one month later the analyses are repeated
bul phenylephrine (or acetylcholine = L-NAME) infused such that each animal receives sequentially all 3 agents in a
randomized manner. In addition, prior to infusion of the second agent we propose to collect a biopsy of skeletal muscle for
histologic/biochemical analyses. The entire protocol is then repeated in the post-pubertal period (at 6-12 years of age). Once
measurements are complete, anesthesia will stop and the animal will be monitored for swallowing reflex and response to
stimuli, extubated and returned to the home cage to be monitored until upright. See Attachmeont E for complete biopsy

description.

STUDY 1li: CONRAD COLLABERATION PILOT STUDY WITH NON-PREGNANT BABOONS TESTING
PROGESTERONE AS DELAY MECANISM IN PREMATURE BIRTH:

We would like to use 6 non-pregnant regularly menstruating female baboons and perform 3 studies: [1] in a control
menstrual cycle, obtain peripheral (saphenous vein) blood samples (3 ml), a swab of the cervix and conduct a noninvasive
2D ultrasound of the uterus to determine endometrial growth/thickness under ketamine/isofiurane anesthesia. This will be
done at the early follicular, late follicular and early and late luteal phase of the cycle. {2] Following a one month recovery,
under approved sedation we insert a specially designed pessary (4.5ctm in diameter by 1.5cm) containing 90-120 mg
progesterone into the vagina using a vaginal speculum and obtain maternal peripheral blood samples (3 mi} and a cervical
swab and a 2D ultrasound of the uterus. On day 3-5 (early follicular), 10-12 (late follicular), and 16-18 (early luteal) and 24-
26 (late luteal) days after insertion of the pessary, under approved sedation, we will obtain 3mi blood sample, vaginal swab
and ultrasound under approved sedation. The pessary will be removed at approximately 24-26 days following placement
under approved sedation using a vaginal speculum. Animal will be monitored daily following the placement of the device
for any indication of spontaneous removal of device or distress or pain. No pain is expected but if necessary, Ketoprofen
PO will be given PRN. [3] After a one month period, the blood sampling/uterine/cervical protocols wilt be performed in these
same baboons injected IM with 17-hydroxyprogesterone (ketamine sedation) on days 2 and 7 after menstruation. Blood
samples (3 ml), a swab of the cervix and conduct a noninvasive 2D ultrasound of the uterus to determine endometrial
growth/thickness under ketamine/isoflurane anesthesia. This will be done at the early follicular, late follicular and early and
late luteal phase of the cycle as in the other two study groups.
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digits/extremities, lethargy, dehydration). Infection will be minimized by use of sterile equipment and supplies, disinfection of

the incision site, performance of surgery in a dedicated surgical suite, and use of aseptic technique during the procedure.

Infection rate is minimal to none in 300+ survival surgical procedures performed by the PI/PI staff at EVMS. The Attending

Veterinarian will be consulted if unusual redness, swelling, or discharge is noted at the incision site. Adhesions will be minimized

by gentle manipulation of internal organs and lavage of the abdominal cavity with warm saline to remove clotted blood before

closing surgical incisions.

Muscle biopsy: minor procedure. Some possible complications may include bruising and discomfort at the site and infection

at the site. Reduced movement may be seen for a short period. Anaigesia is given to prevent discomfort.

Amniocentesis: general side effects are stress to the fetus and possible abortion. A clear area free of fetus and placenta is

localized and a sample (10ml) of amniotic fluid removed. Fetal HR is checked. Any distress noted will be discussed with the

Attending Veterinarian,

IVGTT: side effects are minimal. Possible short-term anemia and depreciated appetite from sedation. Animals are given iron

Dextran injection at completion of experiment and supplemented with children’s vitamin containing iron. Also, food intake

following experiment is monitored.

Serotonin: at this low dose, we do not anticipate any change in behavior or long-term physiological effects.

Dextrose (50%): local pain and vein irritation may occur. Diabetic coma, delirium tremors and congested states or pulmonary

edema are unlikely but potential consequences. HR and BP are monitored before and after injection. Fetal HR is checked in

the case of pregnant baboons.

Phenylephrine: irregular heart rate, respiratory changes, allergic rash. HR, BP and body temp are measured throughout the

experiment. If there is a consistent increase or decrease in HR or BP the infusion will be stopped and the Attending Veterinarian

contacted for treatment options. At this low dose, we do not anticipate any problems or changes in animal behavior,

Acetylcholine: an endothelial cell dilator and thus a vasodilator of peripheral arteries and veins; at the maximal dose used,

we do not anticipate severe hypotension or bradycardia; however, if the latter are pronounced or mean arterial BP drops below

40 mm Hg the infusion will be stopped and the Attending Veterinarian contacted for treatment options

N-nitro-L-arginine methyl ester (L-NAME) This drug blocks the vasodilatory effects of acetyicholine (i.e. blocks endothelial

cell nitric oxide production) and thus could cause hypertension and decrease heart rate. However, this is unlikely at the doses

employed. The drug has been used in human studies at doses 1.5 times greater than in proposed experiments without causing

any significant change in BP or HR. The drug is not available in pharmaceutical-grade and chemical-grade has been used in

humans.

Octafluoropropane gas-filled albumin microbubble suspension {MB contrast}: No expected adverse effects.

Letrozole: Administration of Letrozole alone (i.e. without concomitant administration of estradiol) lowers estrogen levels by

>085%. When letrozole treatment is initiated on day 100 and estrogen suppressed, approximately 10% of the baboons abort

without any complications (vaginal bleeding visible); the products of conception may or may not be visible in the cage. In this

case, the study is terminated, the animal watched closely over the next few days to ensure that bleeding has stopped, appetite

is not depreciated and behavior is normal. In another subset of animals {approximately 10%), there is a potential for sudden

onset of seizures at approximately day 120-150 gestation {i.e. approximately 20-50 days of letrozole treatment). Animais are

typically found lying down {comatose) in their cage early in the morning suggesting that seizure(s) most likely occurred overnight

or very early that morning. In animals that have seized, we believe it is important to intervene at time of discovery since it is

our impression that the longer the animal is left comatose, the more difficult it is to revive the animal. The foltowing protocol

seems most relevant to implement and has been a success in the past:

¢ Animals which are stuporous {unsteady on their feet but conscious) will immediately be given oral juice/sugar treatment in
form of frozen juice or piece of orange or candy to elevate blood glucose levels. If animal is non-responsive or progresses
to seizing or unconscious state the following will be implemented:

« Theanimal is removed from its cage and taken to the treatment room. If light sedation is required for safe transport, a small
dose (5 mgfkg BW-iM) of ketamine will be administered.

« Blood gas (pOz, pCO2, pH etc) and glucose will be determined using iStat analyzer (resuits in 2 mins).

« Animal will be placed on Oz at 2L/min via cone mask and body temperature recorded and maintained with warming blanket
and warm [V fiuids.

¢ A catheter will be placed in an antecubital or saphenous vein and if blood glucose levels are below 80 mg/100 ml, a 5 mi
bolus of 50% Dextrose in Lactated Ringers (1:1} wilt be delivered over a 5§ min period, followed by a 5% Dextrose drip until
the animal responds (glucose normalized). Adjustments to normalize pH (e.g. sodium bicarbonate) may alsc be required.
Once responsive, the animal is returned to its cage and monitored throughout the day.
The animal will be removed from the protocol and will most likely abort. If the atter does not occur, the animal will be
permitted to go to term and the fetus delivered by cesarean section at the end of treatment.

itis important to note that of the 10% that do seize, approximately 35% succumb, It is our impression that these are most likely
the animals that exhibited a seizure during the night. We have identified an apparent window between 120-140 days gestation
when the seizures are most likely. We {PI staff) have been evaluating changes in glucose levels and blood gases as a way to
determine if the seizures will occur. CompMed personnel, as well as my staff, are aware of this possible inkage and are
attempting to resolve this problem. We do want to point out that regardless of when an animal seized, we still will employ the
protocol outlined above {i.e. response to question 15a). in addition; decreased appetite can be seen during late treatment with
Letrozole. Animal's gums can become swollen making hard biscuit consumption difficult. In this case, affected animals are
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given biscuits softened soaked in Ensure or Boost to assist in palatability and ensure necessary nourishment. if an animal
continues to exhibit inappetence despite this treatment or experiences weight loss, the Attending Veterinarian will be consulted.
We do want to point out that pregnant baboons treated with letrozole and estradiol-benzoate do NOT exhibit seizures.
Estradiol-173-3-benzoate: SC injections, iM to fetus; no adverse side effects anticipated; irritation of skin at the injection site
could oceour but has not been noted in previous studies.

Blood sampling: A potential problem is increased ketamine tolerance, anemiaflow hematocrit and sensitivity at injection site.
Ketamine tolerance will be managed by using the lowest dose possible for the procedure. We will monitor hematocrit by taking
a blood gas reading bi-weekly from animals on study. Vitamin supplements will be given. If prolonged anemia is seen, the
Attending Veterinarian will be consulted. To reduce sensitivity at the injection site, when possible the animal will be injected at
different sites on the rump or large leg muscle area. In addition to ensure that animals health is not compromised, blood draw
will not exceed 10% of the circulating blood volume or 10mi/kg/month.

Progesterone pessary: Potential change in menstrual cycle, possible loss of appetite. Device could cause discomfort or
become dislodged on its own. The Attending Veterinarian will be contacted if any of these occur. We will give Banamine if

directed for discomfort.
Hydroxyprogesterone caproate: Possible Gl upset or loss of appetite. Irritation at injection site. !f either occur we will adjust

the diet according to AV direction and address the pain as advised.

14b.  Describe the clinical parameters to be monitored to indicate adverse effects, pain, and/or distress to the
animals. The parameters should be specific to the species and to the procedure(s) performed. Include the
frequency of monitoring throughout the study.
Animals in the baboon colony are checked by the Pl staff and twice daily by the CompMed staff. All staff will determine if each
animal is eating, urinating, passing stool, and demonstrating the repertoire of behaviors normal for the individual animal.
Immediately after surgery and during the postoperative period as defined by IACUC policy, animals will be abserved daily by
PI staff, with these observations recorded on postoperative evaluation sheets which become part of the animals’ permanent
records. Postoperative evaluation will include specific assessment of pain, failure to eat or decreased appetite, drink, urination
or fecal output; change in normal repertoire of hehaviors may indicate pain. Lethargy and guarding of the incision site(s) may
also indicate pain. If any of the above is seen during the postoperative monitoring period, the Attending Veterinarian will be
notified. Animal weight is monitored while on study protocol monthly when sedated. Blood chemistry is run monthly as well.
Any changes are relayed to the AV and determination followed.

14c. What conditions and/or complications will lead to removal of an animal from the study (i.e., early endpoint
parameters)?

Animals will be considered for euthanasia as described in the IACUC protocol entitled “Guidelines for Early Removal Criteria

and the Use of Death as an Experimental Endpoint”. In addition, the Attending Veterinarian may remove an animal from a

protocol if a significant health problem is identified.

G. ADMINISTRATION OF ANESTHESIA, THERAPEUTICS, AND EXPERIMENTAL AGENTS:

15. Indicate the sedatives/tranquilizers, anesthetics, analgesics, antibiotics, and other relief agents to be
administered. [f no anesthetics, analgesics, or other pain relief methods will be used, please provide a strong
justification for withholding analgesic agents in Question 18a. Justification for withholding anaigesic agents
must be based upon cited scientific fact or provided experimental data,

Some anesthetics, analgesics, tranquilizers, sedatives, or hypnotic agents are controlled substances and
require Virginia Board of Pharmacy and DEA licenses for purchase and use. The DEA defines a controlled
substance as any substance listed in the Controlled Substances Act, Code of Federal or Substances
Regulations (21 CFR, part 1300 to the end). The DEA requires a research license for use of Schedule |-V agents
in animals.

Does this project involve the use of one or more DEA regulated controlled substances?
(http://www.deadiversion.usdoj.gov/schedules).
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Iron Dextran 10 mgikg, IM IM At completion of surgery, ivGTT once

study

Beuthanasia —D solution 1mg/Skg IV Once for termination onhce

16a. JUSTIFICATION FOR WITHHOLDING ANALGESIC AGENTS

Analgesics will not be withheld.

16. wil agents other than anesthetics or analigesics {e.g., drugs, reagents, celis, etc.) be administered?

17.

17.

17.

X YES (Complete Question 17 for each agent. NO (Skip to Question 18)
Add additionai sections as needed)

Agent: Letrozole

Agent Vehicle: Sesame oil {sterile)

Volume per Administration;  0.2-2.0 m|

Route of Administration: 8SQ

Site of Administration: Abdominal area or back

Frequency of Administration: _Daily on days 100 to ~170 of gestation

List all expected side effects and/or changes in the animal’s behavior. Depreciated appetite. Although the
drug itself does not elicit any side effects, the fact that the consequence of drug therapy is a decrease in estrogen
productionflevels by >95%, we cbserve in 15%-20% of pregnancies premature delivery and/or maternal seizures. In
instances where a mild seizure has occurred but animal has not become comatose, we stop drug treatment for 24-48
hours and monitor the animal. Drug treatment can then be re-initiated without further development of any problems.
See section 14a.

Agent: Estradiol 17 — 3 henzoate

Agent Vehicle: Sesame oil {sterile); saline/5% ethanol

Volume per Administration; 0.2to 1.0 m}

Route of Administration:  SQ or IM to fetus

Site of Administration: Abdominal area or back; rump or shoulder of fetus

Frequency of  Administered daily on days ~100-170 of gestation in conjunction with Letrozole to restore estrogen
Admmistratlon production. Also administered once IM day 160-175 of gestation to fetus to prematurely elevate
estrogen levels

Llst all expected side effects and/or changes in the animal’s behavior:  None are anticipated

Agent: Progesterone 4.1%; 5.5% silicone oil w/w
Agent Vehicle; Silicone pessary device
Volume per Administration: 5.6mg/day
Route of Administration: Local
Site of Administration: Intravaginal
Frequency of Administration: Continuous ~d2 of cycle until removed late luteal phase ~d21-28

List all expected side effects and/or changes in the animal's behavior. There are no expected side effects from the drug
itseif. Potential change in menstrual cycle, possible loss of appetite. Device couid cause discomfort or become dislodged on
its own, The attending will be contacted if any of these occur. We will give Banamine if directed for discomfort,

17.

Agent: Hydroxyprogesterone caproate
Agent Vehicle: Castor oil
Volume per Administration: 250 mg/mL (1 ml)
Route of Administration: Intramuscular injection {IM)
Site of Administration: Thigh muscle
Frequency of Administration: 2x on day 12 and day 7 after menstruation
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List all expected side effects and/or changes in the animal’s behavior. Possible Gi upset or loss of appelite.
[rritation at injection site. If either ocour we will adjust the diet according to AV direction and address the pain as advised

- Agent: Octafluoropropane gas-filled microbubble suspension (MB contrast agent)

~Agent Vehicle: 0.9% saline

Volume per Administration: 0.1ml/min (4x108 kg/BW)

Route of Administration: v

Site of Administration: Saphenous or brachial vein

Freqygncy Qf At CEU Doppler study. Total of 16 administrations over the life span of the animal. Not to exceed
Administration:  ynce a month.

List all expected side effects and/or changes in the animal's behavior; None anticipated

Agent: Phenylephrine

Agent Vehicle: 0.9% saline

1-2 pg/kg BW/min/0.3 ml saline and then 5 pg/kg BW/min/0.3 ml saline (each for 20-
Volume per Administration: 30 min, i.e. in ‘step-up’ fashion)

Route of Administration: v
Site of Administration: Saphenous or brachial vein
Frequency of Administration: 4 times over the life span of the animal. Not to exceed once a month.

List all expectied side effects and/or changes in the animal’s behavior:

At this low dose, we do not anticipate changes in behavior or physiclogical function. HR, BP and body temp are
measured throughout the experiment. If there is a consistent increase or unlikely decrease in HR or BP the infusion
will be stopped and the Attending Veterinarian contacted for treatment options.

Agent: Acetylcholine
Agent Vehicle: 0.9% saline
4 pg/kg BW/min/0.3 mi satine and then 8 pg/kg BW/min/0.3 mi saline {(each for 20-

Volume per Administration: 30 min, i.e. in ‘step-up’ fashion)

Route of Administration: v

Site of Administration: Saphenous or brachial vein

Frequency of Administration: 4 times over the life span of the animal. Not to exceed once a month.

List all expected side effects and/or changes in the animal’s behavior:
At this low dose, we do not anticipate changes in behavior or physiological function. HR, BP and body temp are
measured throughaut the experiment. {f there is a consistent increase or unlikely decrease in HR or BP the infusion
will be stopped and the Attending Veterinarian contacted for treatment options.

. Agent: Serotonin {5-HT)
Agent Vehicle: 0.9% NaCl

4 pug/kg BW/min/0.3 ml saline and then 8 ug/kg BW/min/0.3 ml saline (each for 20-
Volume per Administration: 30 min, i.e. in ‘step-up’ fashion)

Route of Administration: IV pump infusion
Site of Administration: Saphenous or brachial vein
Frequency of Administration: Once per pregnancy

List all expected side effects and/or changes in the animal's behavior: No expected adverse effects,
Any observed change in behavior will be addressed with Attending Veterinarian consult.

. Agent: N-nitro-L-arginine methyl ester (L-NAME)
Agent Vehicle: 0.9% saline
Volume per Administration: 40 pg/kg bw/min
Route of Administration: I\
Site of Administration; Saphenous or brachial vein
Frequency of Administration: 4 times over the life span of the animal. Not to exceed once a month,
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List all expected side effects and/or changes in the animal’s behavior: Could cause hyperiension and decrease
heart rate. However, this is unlikely at the doses employed as the drug has been used in human studies al doses 1.5
times greater than proposed without causing any significant change in BP or HR. The drug is not available in
pharmaceutical grade and chemical grade has been used in humans.

Agent: Dextrose solution (50%)
Agent Vehicle: In solution
Volume per Administration: 0.25 grams/kg BW of 50% solution
Route of Administration: v

Site of Administration: Saphenous or brachial vein
Frequency of Administration: Once at IVGTT

List all expected side effects and/or changes in the animal's behavior: Local pain and vein irritation may occur.
Diabetic coma, delirium tremors and congested states or pulmonary edema are unlikely but potential consequence.
HR and BP are monitored before and after injection. Fetal HR is checked in the case of pregnant baboons.

17a.1n accordance with the Guide for the Care and Use of Laboratory Animals (Guide, 8" edition), pharmaceutical-
grade chemicals and other substances should be used for all animai-related procedures, when available
(USDA 1977b). The use of non-pharmaceutical-grade chemicals or substances should be described and
justified in the animal use protocol and must be approved by the IACUC (Wolff et al. 2003). The IACUC will
consider exceptions to the Guide requirement for use of pharmaceutical-grade-chemicals in animal research
studies when there is “sufficient scientific justification” Please see the IACUC guidance document entitled,
Use of Non-Pharmaceutical-Grade Chemicals and Other Substances, for examples of “sufficient scientific”
criteria (http://info.evins.edu/Research htmi/IACUC/Sample% 2080Ps.htm}. | you wish to use non-
pharmaceutical-grade drugs in the study, please provide your justification below

The drug L-NAME is not available in pharmaceutical-grade and chemical-grade has been used in humans.
Acetylcholine, estradiol-17B-3 benzoate, serotonin and phenylephrine are not available in pharmaceutical
-grade. Available formulations either act at the receptor level (serofonin reuptake inhibitors) or are
precursors of the drug (5-hydroxytryptophan is converted to serotonin), are already dosed and in liquid to
be used as an eye drop or inhalant (acetyicholine) or injectable (epinephrine) or in a solid/oral pill
containing other additives such as di-calcium phosphate, cellulose, magnesium stearate, vitamin B6,
and/or silicon dioxide etc. (steroid hormones e.g. estradiol). Chemical-grade reagents are available and
product information indicates preparations are very high grade >39% pure. Finally, we have used and were
previously (IACUC #12-010) approved to use chemical-grade phenylephrine, serotonin, estradiol17p-3
benzoate and acetyicholine in our pregnant baboons and/or their offspring with no apparent untoward or
harmful effects.

NOTE: Your signature on page 5 certifies that all drugs used on animals before, during, or after an experimental
or surgical procedure will be obtained from legal sources, will be pharmaceutical-grade, unless otherwise
approved, and will be disposed of properly when out-of-date or no longer needed. All controlled substances
MUST be kept in a double-locked compartment, and records documenting each use of a controlled substance
MUST be maintained.

H. SPECIES SELECTION AND ORDERING:

18.  Please indicate the species and the number of animals requested.

Average # to be | Maximum # to be
Species Total # Requested for a Maintained in the | Maintained in the
{(Common Name & Strain) 3-Year Period Animal Facility Animal Facility
206
Baboon (Papio (9 males for breeding,~9 spontanecusly 35 50
anubis/cynocephalus) aborted fetuses, 64 used fetuses, 84
adult females and 40 juveniles)
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23a.

24.

25,

Technique;

Blood sampling

[1] Pregnancy studies: Blood samples (maternal) are collected at 2-4 day intervals depending
on the study group. Briefly, animals are restrained, injected with ketamine-HCI {(10-15 mg/kg) and
samples (3-5 ml) obtained from a saphenous or antecubital vein using a 21 gauge needle. [2]
Neonate-Adoiescent studies: Blood samiples are obtained once every two weeks from neonates
and prepubertal adolescents. Briefly, baboons are restrained, injected with ketamine-HCI (10-15
mg/kg BW) and a 3 m] (neonates) sample obtained from a peripheral saphenous vein using a 21g
needle. Weight is also recorded and monitored in this group. [3] IVGTT Studies 3m} Samples are
collected into syringes via catheter at 00, 0, 1, 3, 5, 10, 20, and 30 and 0.1 mi examined for blood
glucose and the remainder kept on ice and serum subsequently assayed for insulin/C-peptide. [4)
CEU / Doppler: Two samples are taken, start of the experiment and compietion of experiment, for
blocd chemistry and hormone analysis. [5] CONRAD study: Blood samples are collected at early
follicular, late follicular, early luteal and late luteal with one additional sample taken during the
menstrual cycle. This will occur during the 3 phases of the study with wash out cycles in between,
Samples are taken under ketamine sedation using 21¢ needle volume to be no more than 5mis
per sample

Sample site(s): Saphenous/antecubitalfemoral

Volume per sample: Blood draw will not exceed 10% of the circulating blood volume or 10mi/kg/month for

WGTT; At surgery 3-5 ml but not to exceed 10mi/kg/month

Frequency and duration  2-4 day intervals during gestation from mother; once every other week from

of sampling:

adolescents; at 4-5 time points within one cycle of adult females.

23b. Urine/feces sampling

Sampling method:

Frequency and

duration of sampling:

23c. Collection of tissues

All tissues to
be collected:

[1] Kidney, liver, lung, gonads, adrenal, pituitary, pancreas, skeletal muscle, visceral and SQ
fat, intestine, heart and uterine samples, [2]: Collection of a total of 6 eciocervical
{vaginal/cervical) biopsies during the {ate iuteal phase under the following conditions: 1) during
use of the pessary device, 2) after 170H P injection, and 3) during the recovery period after
170H P injection (i.e., one biopsy per condition)

When will tissues be [1]}: After euthanasia in both adult sacrificed animals and fetuses following euthanasia
collected (before or at surgery, [2]: Late luteal phase in the 3 pilot test groups under Isoflurane / 02
after euthanasia)? anesthesia,

Final disposition of collected tissues: Fixed andfor frozen for experimentation (histopathology)

Will behavioral testing be conducted?

X No behavioral testing will be conducted,

Yes, behavioral testing will be conducted with significant restraint or noxious stimuli.
{Complete Attachment C, PROLONGED PHYSICAL RESTRAINT OR STRESS)

Yes, behavioral testing will be conducted without significant resiraint or noxious stimufi,
{Describe the procedure helow)

Will a special diet be required?

YES (Complete Questions 25a-25c¢) X NO (Skip to Question 26)
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36c.  How long will the animals be used or housed in the sateliite facility?
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RECEIVED

Eastern Virginia Medical School
Institutional Animal Care and Use Commiltee  #AT 15 2018

Attachment B: Nonhuman Primate Enhancemen LP’BEﬁgﬂ’?on RESEARCH
EVMS

Project Title: _Regulation of Fetal-Placental Development in the Primate

Protocol #: 18-006

1. Paired housing: Nonhuman primates used under this protocol can be housed in the same primary
enclosure with ohe or more compatible primates.

X YES (Skip to Question 2) X NO (Complete Question 1a)

1a. Justify why the animal must be singly housed: animals who are singled housed have
demonstrated an inability to pair house. Injury to self or other animals, negative behavioral issues or
consistent weight loss is also cause for single housing.

The Pl supports soclal housing of research primates. However, housing must allow PI/PI staff access
to individual animals at all times for blood sampling, injection, and accurate postoperative evaluation.

Males are pair housed for 2-5 days with females during estrous for mating. Males are otherwise singly
housed due to elevated possibie aggression toward unreceptive females,

Some adult females are incompatible with others and physical trauma arises, over-grooming occurs,
nutritional issues arise (one animal loses weight from not eating), or over-submissive behavior is
exhibited. Another reason for singly housing animals is self-injurious behavior (SIB) which can be
stressful to a cage mate.

Late gestation preghant animals expected to deliver spontaneously will be singly housed during late
gestation to ensure safe delivery of fetus.

Most animals are at a minimum partially paired allowing liberal touch but may be fimited on full range
contact.

Semiannual reevaluation of the colony attempts to reintegrate singly housed animals. All animals will
at a minimum have visual and auditory and olfactory sense of other NHPs,

2.  Nonhuman primates used under this protocol will be provided with a variety of devices as described in
the EVMS Primate Enhancement Program (this can be provided to you by the Office of Research or
the Division of Comparative Medicine (CompMed) upon request).

X YES NO (justify in the space below):

Attachment B: Page 1 of 1







Revised Oc!obe( 2001; January 2013
4. Are there documented human risks from exposure to the agent? (Risks may be determined from the
MS8DS or from references found in the Bicsafety Manual.)
X YES (Complete Questions 4a-4e) NO (Skip to Question 5)

4a, Indicaie the route(s) of human exposure:

X Inhalation X Contact
X Ingestion Parenteral
Other {describe below):

4b. Describe the risks associated with the agent (mutagen, teratogen, etc.):
Agent is known to suppress estrogen production in females .Letrozole is an oral, anti-estrogen drug
that is used for treating postmenopausal women with breast cancer.

4c. Indicate the acutely toxic/infectious dose in humans (in mg/kg or number of organisms);

The standard dose of Letrozole used in women is 2.5 mg/day. We will be administering a maximum of
2 mg/day and do not anticipate any acute side effects of the drug per se. Only P! staff is exposed to

the agent

4d. Describe any genetic changes to the organism and their suspected effects:
N/A

4e. Describe the symptoms of exposure:
Exposure weould have to be long-term and contact would need to be ingested or contact with an open
wound. Basic exposure symptoms would be irritation or skin rash.

4f. Describe the first aid methods to be taken in the case of exposure:
Fiush the area with water

49. Indicate all personal protection required:

X Lab coat/dedicated clothing Apron
X Gloves Face shield
X Goggles Respirator

X Other (describe below): Mask

5. Are there risks to other animals in the room or in the animal facility?
YES (Complete Questions 5a-5d) X NO (Skip to Question 6)

5a. Describe the risk to other animals:
5b. Indicate the route of animal exposure:
5¢. Describe all methods that will be used to contain the risk factor:

5d. Are special animal care reguirements necessary?
YES (Describe below) NO
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6. Are special waste or carcass disposal requirements necessary?
YES (Describe below) X NO

7. Briefly describe the procedure(s) for administration of the agent and how the agent is metabolized
and/or excreted. Include how long the agent is expected to remain in/be shed from the animal, the
concentration of agent in any specific organs, etc.

The drug is prepared at a concentration of 2 mg/mi sesame oil; animals injected daily 0.2 to 2.0 ml
letrozole/kg BW/day subcutaneously; the drug is not shed or excreted by the animal.

7a. Please indicate whether or not the laboratory personnel and CompMed staff have been informed of
these hazards and have received training on proper handling techniques.

Laboratory Personnel CompMed Staff
X Yes X Yes
No No

If not, please contact the Environmental Health and Safety Office to schedule the proper training.

8. Please provide any other relevant information regarding the agent (e.g., unique containment
recommendations}:

This agent is injected subcutaneously by Pl staff and is not handled by the CompMed staff.
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1.  Please indicate the type of hazardous agent being used. Check all that apply. For microorganisms,
please list the Risk Group or Biosafety Level. For chemicals, please list the CAS # and the LD50
from the Material Safety Data Sheet (MSDS). -

Radioactive material (Isotope: )

Infectious agent (Risk Group or Biosafety Level: )
X Acutely toxic chemical (CAS #: 59-42-7; L. D50 in mice: 120 mg/kg; LD50 in rats: 30 mg/kg )

Known or suspected human carcinogen (Chemical Name: )

Known or suspected human mutagen/teratogen (Chemical Name: )
Recombinant DNA/RNA

_____ Tissue sample {Type: )

______ Other (Describe below):

2. Please provide specific information about the agent:

Compiete name
(Include strain for microorganisms): Phenylephrine

1-2 ug/kg BW/min/0.3mi saline for 10-15 min then 5 pg kg
Dose and frequency of administration:  BW/0.3ml saline for 10-15 minutes

Concentration: Stock solution 1 mg per ml prepared day of experiment

Route; IV Duration of exposure: < 60 minutes

How long will the animal be maintained after administration? >3 years

Animal species:  Papio anubis Estimated animal weight: _4kg -18kg

3. Is the agent excreted or shed by the animal?

___YES (indicate the type of excreta and estimated quantity per day)
X NO

4. Are there documented human risks from exposure to the agent? (Risks may be determined from the
MSDS or from references found in the Biosafety Manual.)

X YES (Complete Questions 4a-4e) NO (Skip to Question 5)

4a. Indicate the route(s) of human exposure:

X Inhalation X Contact
X Ingestion Parenteral
Other (describe below):

4b. Describe the risks associated with the agent (mutagen, teratogen, etc.):

Can cause a rapid sudden increase in blood pressure; however, most overdoses require only patient
observation because the material has a very short duration of action

4c. Indicate the acutely toxic/infectious dose in humans {in mg/kg or number of organisms):

LDEO in mice: 120 mg/kg; LD5O in rats: 350 mgrkg
Only P1 staff is exposed to the agent
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4d. Describe any genetic changes to the organism and their suspected effects:
N/A

4e. Describe the symptoms of exposure:

Exposure would have to be long-term and contact would need to be ingested or contact with an open
wound. Basic exposure symptoms would be irritation or skin rash.

4f. Describe the first aid methods to be taken in the case of exposure:;
Flush the area with water

4g. Indicate all personal protection required:

X Lab coat/dedicated clothing Apron
X Gloves Face shield
X Goggles Respirator

X Other (describe below): Mask

5. Are there risks to other animais in the room or in the animal facility?

YES (Complete Questions 5a-5d} X NO (Skip to Question 6)

5a. Describe the risk to other animals:
5b. Indicate the route of animal exposure:
8¢. Describe all methods that will be used to contain the risk factor:

5d. Are special animal care requirements necessary?

YES (Describe below) NO

6. Are special waste or carcass disposal requirements necessary?

YES (Describe below) X NO

7. Briefly describe the procedure(s) for administration of the agent and how the agent is metabolized
and/or excreted. Include how long the agent is expected to remain in/be shed from the animal, the
concentration of agent in any specific organs, etc.

The agent will be administered IV over a 30 minute period; the active agent is likely catabolized by the liver
and excreted via the kidney
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7a. Please indicate whether or not the laboratory personnel and CompMed staff have been
informed of these hazards and have received training on proper handling technigues.

Laboratory Personnel CompMed Staff
X Yes X Yes
No No

If not, please contact the Environmental Health and Safety Office to schedule the proper
training.

8. Please provide any other relevant information regarding the agent (e.g., unique containment
recommendations);

This agent is prepared and infused intravenously by Pl staff and is not handled by the CompMed sfaff.
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Please indicate the type of hazardous agent being used. Check all that apply. For microorganisms,
please list the Risk Group or Biosafety Level. For chemicals, please list the CAS # and the LD50 from
the Material Safety Data Sheet (MSDS).

Radioactive material (Isotope: )

Infectious agent (Risk Group or Biosafety Level: )
Acutely toxic chemical (CAS #: , LD50: )
Known or suspected human carcinogen (Chemical Name: )

X  Known or suspected human mutagen/teratogen (Chemical Name: Estradiol 178 )
Recombinant DNA/RNA
Tissue sample (Type: )

Other (Describe below):
Please provide specific information about the agent:

Complete name
{(Include strain for microorganisms). Estradiol-17p 3-benzoate

25 ug/kg BW daily for 35 days in pregnant baboons
Dose and frequency of administration: 115 pg/kg BW daily for 70 days in pregnant baboons

Concentration: 2mg/ml
Route: SC Duration of exposure: 35-70days (determined by study)

How long will the animal be maintained after administration? >3 years

Animal species:  Papio anubis Estimated animal weight: 14-18kg

Is the agent excreted or shed by the animal?
YES (Indicate the type of excreta and estimated quantity per day)
X NO

Are there documented human risks from exposure to the agent? (Risks may be determined from the
MSDS or from references found in the Biosafety Manual.)

X YES (Complete Questions 4a-4e) NO (Skip to Question 5)

4a. Indicate the route(s) of human exposure:

X Inhalation X Contact
X Ingestion Parenteral
Other {describe below):

4b. Describe the risks associated with the agent {mutagen, teratogen, elc.):

Cancers of the female reproductive tract are often due to exposure to endogenous estradiol and thus
chronic expasure to estradiol 3 henzoate is likely also associated with increased risk for cancer.
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4c¢. Indicate the acutely toxic/infectious dose in humans (in mg/kg or number of organisms):

Chronic estrogen exposure can induce menstrual irregularities and elicit estrogenic effects in males
{e.g. breast enlargement). Estrogen is potent at low doses (ug/kg bw) but is rapidly metabolized (half-
life of 90 minutes). Only Pi staff is exposed to the agent

4d. Describe any genetic changes to the organism and their suspected effects:
N/A

4e. Describe the symptoms of exposure:

Exposure would have to be iong-term and contact would need to be ingested or contact with an open
wound. Basic exposure symptoms would be irritation or skin rash.

4f. Describe the first aid methods to be taken in the case of exposure:

Flush the area with water

4g. Indicate all personal protection required:

X Lab coat/dedicated clothing Apron
X Gloves Face shieid
X Goggles Respirator

X Other (describe below): Mask

5. Are there risks to other animals in the room or in the animal facility?

YES (Complete Questions 5a-5d) X NO (Skip to Question 6)
5a. Describe the risk to other animals:

5b. Indicate the route of animal exposure:

5¢. Describe all methods that will be used to contain the risk factor:

5d. Are special animal care requirements necessary?

YES (Describe below) NO

6. Are special waste or carcass disposal requirements necessary?

YES (Describe below) X NO

7. Briefly describe the procedure(s) for administration of the agent and how the agent is metabolized
and/or excreted. include how long the agent is expected o remain in/be shed from the animal, the
concentration of agent in any specific organs, etc.

Daily, estradiol benzoate is injected subcutaneously to pregnant baboons for 35 or 70 days. The agent is
first converted to the active hormone estradiol 17B (benzoate is removed) and then catabolized to estrone
and glucuronylated and excreted via the kidney/urine or via stool.
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7a. Please indicate whether or not the laboratory personnel and CompMed staff have been informed of
these hazards and have received training on proper handling techniques.

l.aboratory Personnel CompWMed Staff
X Yes X Yes
No No

If not, please contact the Environmental Health and Safety Office to schedule the proper
training.

8. Please provide any other relevant information regarding the agent (e.g., unique containment
recommendations):

This agent is prepared and injected subcutaneously by PI staff and is not handied by the CompMed staff,
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Will post-operative analgesics be administered?

X YES NO be used, then skip to Section D.)

12. Provide the following information for each post-operative analgesic agent to be administered:

Agent:

Flunixin megiumine (Banamine) {Alternative to Buprenorphine SR)

Dose and Route:  2mg/kg 1M

Post-Operative Duration of Care:

Agent:

Frequency: At surgery and 2days post-operatively
5-7 days of observation
(BID for 3days; SID for remainder)

Ketoprofen (Alternative to Banamine)

Dose and Route:  75mg PO

Post-Operative Duration of Care:

Agent: Buprenorphine SR

Frequency: 2 days post-operatively

Monitoring for 5-7days

Dose and Route:  0.2mg/kg SQ

Post-Operative Duration of Care:

Agent: Meloxicam SR

Frequency:  Q72hr then PRN under AV advisement
5-7 days of observation
(BID for 3 days; SID for remainder)

Dose and Route: 0.6mg/kg SQ

Post-Operative Duration of Care:

Frequency:  Under AV advisement
5-7 days of observation
(BID for 3days; SID for remainder)

Attachment E. Page 3 of &






Revised October 2001, January 2013

14d. In accordance with the Animal Welfare Act, the IACUC must specifically review and approve
all requests for the use of animals that have undergone previous survival surgery under another
{ACUC protocol. Please justify the need to reuse such animals in this surgical protocol.

The animals in this protocol were used in the prior approved IACUC protocol (research is
continuous). The multiple use of the same baboon reduces the total number of animals required
to conduct the siudy and still permit collection of statistically valid data. Thus, we study the role of
estrogen in the same baboon (i.e., experiments are interrelated/integrated) during control periods

{e.g., on days 60 and ~170 of gestation). One animai rather than 5 animals is studied. Multiple
pregnancies also mimic the situation in humans.

156,  Surgery Classification for All Vertebrate Animal Species
SURGERY TYPE | Type 0 Surgery Iype | Surgery | Type ll Surgery Type lll Surgery
DEFINITIONS o
Surgical procedures Surgical Surgical procedures Surgical procedures or
performed with procedures that result in invasive manipulations
appropriate that result in mild moderate pain and that result in marked to
anesthesia that do pain and require require pre-emptive severe pain and reguire
not require the use pre-emptive use of | use of atleastone  -| pre-emptive use of at least one
of additional at dose of pre- or dose of pre- or perioperative
analgesia. least one dose of perioperative additional
e additional additional analgesia lasting at least
analgesia analgesia lasting at 72 hours.
pre- or least 24-48 hours.
perioperatively.
EXAMPLES OF Small skin incision Skin incision and Laparotomy without Laparotomy with significant organ
PROCEDURES without deeper tissue | deeper tisstie organ manipulation manipulation or incision;
IN EACH manipulation; Skin manipulation, i.e., or incision; Thoracotomy; Thymectomy,
SURGERY TYPE biopsy; Placement of | muscle incision, Craniotomy (small Orthopedic surgery to create or
CLASSIFICATION | small subcutaneous muscle biopsy, burr hole); repair a bone fracture; Dissection
implants; vessel cannulation | Placement of into joints; Large craniotomy;
Tracheat injection; (not vascular intraccular or corneat
Retro-orbital bleed percutanecus), access pons; surgery/manipulation;
vessel incision, Orchiectomy; Skin graft involving full thickness,
vasectomy, Superficial lymph multiple grafts, and/or extensive
non-extansive oral | node biopsy; body surface area: Extensive oral
surgery and/or Thyroidectomy, or dental
tissue Skin graft involving Surgery; Model involving
manipulation, partial thickness and extensive burns or fissue trauma;
hone marrow minimal body surface | Parabiosis; Procedure involving
aspiration area infarction of organs with significant
sensory innervation

Source Material: University of Michigan, University Committee on Use and Care of Animals, Policy on Analgesic Use In Animals Undergoing

Surgery.

15a. Ciassify each surgical procedure to be performed according to the table listed above.

(Example: Surgery Type: 1; Procedure to be performed: Bone marrow aspiration.)

Surgery Type: 11 Procedure to be performed:  Cesarean section
Surgery Type: Procedure to be performed:
Surgery Type: Procedure to be performed:
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Describe the entire surgical procedure,

Once prepped as outlined in #4 (p. 1), the animal is draped using sterile technique. Blood samples (3-5ml) are
obtained from the mother at ‘0’ time, mid-procedure and post-placental delivery via maternal saphenous
catheter. Blood chemistry will be evaluated using iStat analyzer. Prior to surgery, a proper plane of anesthesia
will be assured by lack of response to a noxious stimuius such as abdominal pinch. A vertical mid-line incision
is made using a 10 blade. The incision is 4-24c¢m in length depending on gestational age. Once the abdomen
is open, the uterus is externalized and examined for placenta location. Mother's ovaries are examined for
evidence of ovulation/corpus luteum. Two t¢ four uterine vein blood samples are taken {5 ml) using a 23g
needle. Bleeding is controlled by surgical gel foam. Warm sterile fluids are applied to the uterus as needed.
Fetal crown is localized and a horizontal incision is made in the uterus to remove the fetus. A lap sponge can
be used to absorb blood and reduce flow into the abdomen. A sample of amniotic fluid is recovered using a
syringe. Once the fetus is carefully exteriorized, umbilical vein and artery samples are taken using a 23g
butterfly set (4-8 ml) for hormone, metabolic and blood gas analyses. The umbilical cord is double clamped to
ensure the safety of the mother. At this point, one of four procedures will follow: 1) fetus is euthanized and
mother recovers; 2) fetus and mother are euthanized; 3) fetus and mother survive; 4) fetus survives and mother
is euthanized {non-survival), Details of each outcome are stated below.

Fetus is euthanized and the mother recovers: the fetus is then euthanized by injecting the umbilical artery
with Beuthanasia-D solution. After the fetus expires {no heartbeat), the cord is cut, placenta is manuaily
delivered. Cardiac stick is used if second dose of euthanasia solution Is needed after the cord has been cut.
(This is rarely needed and the fetus is under initial effects of euthanasia solution.} Fetal tissues are coilected
{e.g., liver, kidneys, lung, adipose adrenal, gonads, pancreas, skeletal muscle, heart, pituitary, aorta, carotid
artery). Placenta is processed for analysis. The uterus is flushed with saline and sutured. Manual massage
is used to stimulate contractions. Once closed, the uterus is placed back in the abdomen and the area flushed
to remove any clots that may have accumulated. The abdomen is closed in three (3) layers when present
{peritoneum, fascia and skin) using a combination of continuous and interrupted suture pattern. Absorbable
suture is used; no need to remove suture at later date. Surgical glue can be used once skin is closed.
Analgesia is given - Flunixin meglumine {Banamine) or Buprenorphine SR (§Q) with Iron Dextran IM.
Anesthesia Is stopped and the animal is monitored until swallowing or response to stimuli is present, Animal
is extubated and catheters removed. Animal is returned to home cage and continued to be monitored until
sitting upright. Immediate post-op is monitored by CompMed staff.

Fetus_and mother are_euthanized: the fetus is then euthanized by injecting the umbilicai artery with
Beuthanasia-D solution. After the fetus expires (no heartbeat), the cord is cut, placenta is manually delivered.
Cardiac stick is used if second dose of euthanasia solution is needed after the cord has been cut. (This is
rarely needed and the fetus is under initial effects of euthanasia solution.) Fetal tissues are collected (e.g.,
liver, kidneys, lung, adipose adrenal, gonads, pancreas, skeletal muscle, heart, pituitary, aorta, carotid
artery). Placenta is processed for analysis. The mother is then euthanized by IV injection of Beuthanasia-D
solution and isofljurane gas is elevated to the highest level to ensure cessation. Upon confirmation of death,
maternal tissue samples will be taken (i.e., liver, kidneys, lung, adrenal, gonads, pancreas, skeletal muscle,
heart, adipose tissue).

Fetus and mother survive: after umbilical samples are taken, the cord is cut. The AV is always present for
this procedure. Live neonates are cleared of mucous, stimulated to breathe, placed in warm blankets. The
neonate will be reared by Pl/{CompMed staff under the guidance of the AV and the SOP for rearing neonates.
Once the cord is cut, placenta is processed for analysis. The uterus is flushed with saline and sutured. Manual
massage is used to stimulate contractions. Once closed, the uterus is placed back in the abdomen and the
area flushed to remove any clots that may have accumuiated. The abdomen is closed in three (3} layers
when present (peritoneum, fascia and skin) using a combination of continuous and interrupted suture pattern.
Absorhable suture is used; no need to remove suture at later date. Surgical glue can be used once skin is
closed. Analgesia is given - Flunixin meglumine (Banamine) or Buprenorphine SR {SQ) with iron Dextran IM.
Anesthesia is stopped and the animal is monitored until swallowing or response to stimuli is present. Animal
is extubated and catheters removed. Animal is returned to home cage and continued to be monitored until
sitting upright. Immediate post-op is monitored by CompMed staff.

Fetus survives and mother is euthanized {Non-survival): after umbilical samples are taken, the cord is cut.
The AV is always present for this procedure. Live neonates are cleared of mucous, stimulated o breathe,
placed in warm blankets. The neonate will be reared by PI/CompMed staff under the guidance of the AV and
the SOF for rearing neonates. Placenta is processed for analysis. The mother is then euthanized by 1V
injection of Beuthanasia-D solution and Isoflurane gas is elevated to the highest level to ensure cessation.
Upen confirmation of death, maternal tissue samples will be taken (i.e., liver, kidneys, lung, adrenal, gonads,
pancreas, skeletal muscle, heart, adipose tissue).
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12. Provide the following information for each post-operative analgesic agent {o be administered:

Agent: Flunixin meglumine {Banamine) (Alternative to Buprenorphine SR)

WGTT w/blopsy and FMD w/biopsy and 2days post-
Dose and Route: _2mg/kg IM__ Frequency:  operatively

5-7 days of observation
Post-Operative Duration of Care:  (BID for 3days; SID for remainder)

Agent: Ketoprofen (Alternative to Banamine)

IVGTT wibiopsy and FMD w/biopsy and 2days post-
Dose and Route: _75mg PO Frequency: operatively

Post-Operative Duration of Care:  Monitoring for 5-7days
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D. MULTIPLE SURVIVAL SURGERY

_A_ | ma|or multlgie surviva! surgegg grocedures must be conducted in agcordanc
E 1A

The Ammal Welfare Reguiatlons state that an amma! may not undergo’ more than one major
survival surgery unless scientifically justified by the principal investigator, appropriate for the -
animal’s veterinary care, or approved by the USDA Administrator. The IACUC must specif" cally
‘review and approve every additional surgery to be performed on a smgle ammal o

13. Will the animals be subjected to more than one survival surgery?

X YES (Complete Questions 13a-13b.) NO (Skip to Question 14.)

13a. Please briefly outline the surgical procedures, explain how the surgeries are related, and justify the
need for more than one surgery per animal.

The protocol is designed to evaluate change in response over time and the function and impact on
metabolic and vascular function over adolescent growth through puberty and into adulthood.

13b. How many surgeries will each animal undergo?

Each animal may undergo up to three (3) muscle biopsy procedures over a course of 15 years {one
at ~24-30 months and the 2" and 39 at one-two year intervals after puberty into adulthood to age 15
years). While this is the optimal number of procedures to achieve statistically valid data, we work
closely with the AV to ensure that animals are healthy and have no untoward medical and/or behavioral
complications (e.g., reduction in movement, adverse change in behavior) that would not be compatible
with performing further surgeries.

14, Have any animals to undergo major survival surgery in this protocol already undergone major survival
surgery in any other IACUC protocol(s)?

YES (Complete Questions 14a-14d.) X NO (Skip to Seclion E.)

14a. |dentify all animals that have undergone prior surgical procedures in another protocol.
14b. |dentify all previous procedures performed on the animal(s) identified in Question 14a.
14c. List the IACUC protocol number(s) under which the previous procedures were performed.
14d. In accordance with the Animal Welfare Act, the IACUC must specifically review and approve all
requests for the use of animals that have undergone previous survival surgery under another
IACUC protocol. Please justify the need to reuse such animals in this surgical protocol.
NQOTE: The animals in this protocol were used in the prior approved IACUC protocol (research is
continuous). The multiple use of the same baboon reduces the total number of animals required to

conduct the study and still permit collection of statistically valid data. These animals were/will be
exposed lo minor surgical manipulations.
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15. Surgery Classification for All Vertebrate Animal Species
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Tracheal injection;

vasectomy,

Supertficial lymph

SURGERY TYPE - | Type 0 Surgery | Type ! Surgery Type Il Surgery Type ill Surgery
DEFINITIONS : R
Surgical Surgical procedures Surgical procedures Surgical procedures or .
procedures that result in mild that result in mederate invasive manipulations
performed with pain and reguire pain and require pre- that result in marked to
appropriate pre-emptive use of at emplive use of at least severe pain and require
anesthesia that do | least one dose of one dose of pre- or pre-emptive use of at least one
not require the use | additional analgesia perioperative additional dose of pre- or perioperative
of additional pre- or perioperatively. | analgesia lasting at least | additional analgesia lasting at
analgesia. 24-48 hours. least 72 hours, '
EXAMPLES OF Small skin incision | Skin incision and Laparotomy without Laparotomy with significant
PROCEDURES without deeper deeper tissue organ manipulation organ manipulation or incision;
IN EACH tissue manipulation, i.e., or incision; Thoracotomy; Thymectomy;
SURGERY TYPE | manipulation; muscle incision, Craniotomy {smalj Orthopedic surgery to create
CLASSIFICATION | Skin biopsy; muscle biopsy, burr hole), of repair a bone fracture;
Placemant of small | vessel cannulation Placement of vascular Dissection into joints;
subcutaneous {not percutaneous), access ports; Large cranictomy;
implants; vessel incision, Orchiectomy; Intraocular or corneal

surgery/manipulation;

Retro-orbital bleed | non-extensive oral node biopsy; Skin graft involving full
surgery and/or tissue Thyroidectomy; thickness, muitiple grafts,
manipulation, Skin graft involving and/or extensive bedy
bone marrow partial thickness and surface area;
aspiration minimal body surface Extensive oral or dental

area

Surgery;

Mode! involving extensive
burns or tissue trauma,;
Parabiosis;

Procedure involving
infarction of organs with
significant sensory
innervation

Source Material: University of Michigan, University Committee on Use and Care of Animals, Policy on Analgesic Use in Anlmals Undergoing

Surgery.

15a. Classify each surgical procedure to be performed according to the table listed above.

(Example: Surgery Type: 1; Procedure to be performed: Bone marrow aspiration.)

Surgery Type: | Procedure to be performed: Muscle biopsy
Surgery Type: 0 Procedure to be performed:  Amniocentesis at IVGTT
Surgery Type: Procedure to be performed:
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Briefly, baboons are fasted overnight, and sedated with ketamine. Animals are intubated and O2
is delfivered. Anesthesia is achieved via 1V into an antecubital vein and a constant infusion of
ketamine (0.1 mg/kg} and propofol {0.2 mg/kg} 0.6mi/minute. Once sedated, two baseline blood
samples are collected and blood glucose and blood chemistries/gas levels determined using
iStat. A small incision (0.5cm — 1cm} is made exposing the vastus lateralis. At time '0', a 2.5-
3.0cm(L) x 0.56-0.75cm{W) x 0.2-0.25(D) muscle sample is surgically removed using a 15 scalpel
blade from alternating legs. The area is packed with gel foam to minimize bleeding. Sample
taken at ~24-30 months, a small single knot is placed in the fascia using non-absorbable suture,
This is {0 act as a reference point for future experiments as the animal grows. The fascia and
skin are then closed with absarbable suture.

At experimental time zerc, a bolus of glucose (0.26 grams/kg BW) is injected over a 10-15
second period into the antecubital vein. Blood samples (total blood sample volume < 10% total
blood volumefnot to exceed 10 mi/kg/month) are collected fram the saphenous vein catheter at
1, 3, 5, 10, 20, and 30 min. Attime '30’, a second biopsy is taken from the alternate leg foliowing
the same procedure. During the experiment, the animal is constantly monitored for BP, HR,
respiration, and it is warmed via a warming blanket. Samples are taken to measure the rise in
insulin levels and allow us o determine responsivity of skeletal muscle (e.g., expression of
insulin signaling molecules; metabolic enzymes as determined by Western blot/RT-PCR) and
relate findings to insulin sensitivity/resistance as determined by the ivGTT. At completion of the
experiment, the animal is given 1cc {(10mg/kg) Iron Dextran iM. Catheters are removed and the
animal will be monitored for swallowing reflex and response to stimuli before it is extubated. The
animal is then returned to its cage.

For muscle biopsy at FMD with infusion of pharmaceutical agent the procedure is the same pre-
and post-infusion of the agent.
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11. Wil post-operative anaigesics be administered?

{Below, please explain why posi-operative analgesia will nol
X YES NO be used, then skip to Seclion D.)

12. Provide the following information for each post-operative analgesic agent to be administered:

Agent:  Flunixin meglumine (Banamine)

Once at completion of the procedure
Dose and Route:  2mg/kg IM Frequency: and PRN per AV advisement

Post-Operative Duration of Care:  SIB for 5days

Agent:

Dose and Route: Freguency:

Post-Operative Duration of Care:

Agent:

Dose and Route: Freguency:

Post-Operative Duration of Care:
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15.  Surgery Classification for All Vertebrate Animal Species

SURGERY TYPE
DEFINITIONS

Tvpe 0 Surgery

Surgical procedures
performed with
appropriate
anesthesia that do
not require the use
of additional
analgesia.

Type | Surgery

Surgical procedures
that result in mild
pain and require
pre-emptive use of at
least one dose of
additional analgesia .

pre- or perioperatively.

T eliSur er

Surgical procedures

1 that result in

moderate pain and
require pre-emptive
use of at least one
dose of pre- or
perioperative
additional
analgesia lasting at
{east 24-48 hours,

Type lll Surgery

Surgical procedures or
invasive manipulations

: that result in marked to

severe pain and require
pre-emptive use of at
least

one dose of pre- or

 perioperative

additional. '
analgesia lasting at least
72 hours.

EXAMPLES OF
PROCEDURES

IN EACH
SURGERY TYPE
CLASSIFICATION

Small skin incision
without deeper
tissue manipulation;
Skin biopsy:;
Placement of small
subcutaneous
implants;

Tracheal injection;
Retro-orbital bleed

Skin incision and
deeper tissue
manipulation, i.e.,
muscle incision,
muscle biopsy,
vessel cannutation
(nol percutaneous),
vessel incision,
vasectomy,
non-axtensive oral
surgery and/or tissue
manipulation,

bone marrow
aspiration

Laparotomy without
organ maniputation
or incision;
Craniotomy (small
burr hole);
Placement of vascular
access ports;
Orchiectomy;
Superficial lymph
node biopsy;
Thyroidectomy;

Skin graft involving
partial thickness and
minimal body surface
area

Laparotomy with
significant organ
maniputation or incision;
Thoracotomy;
Thymectomy;
Orthopedic surgery to
create or repair a bone
fracture;

Dissection into joints;
Large craniotomy;
Intraocular or corneal
surgery/manipulation;
Skin graft involving full
thickness, multiple grafts,
and/or extensive body
surface area,;

Extensive oral or dental
Surgery;

Mode! involving
extensive

burns or tissue {rauma,
Parabiosis;

Procedure involving
infarction of organs with
significant sensory
innsrvation

Source Material: University of Michigan, University Committee on Use and Care of Animals, Policy on Analgesic Use in Animals Undergoing

Surgery.

15a. Classify each surgical procedure to be performed according to the table listed above.
(Example: Surgery Type: 1; Procedure to be performed: Bone marrow aspiration.)

Surgery Type: I

Surgery Type:

Surgery Type:

Procedure to be performed:
Pracedure to be performed:
Procedure to be performed:

Vaginal Biopsy
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(50.10 Protocol Objective

In clear, concise, non-technical, lay language (i.e., language understood on a sixth to eighth grade reading level and the
type of writing style used In newspapers), summarize the background, general hypothesis, experimental plan, and relevance
of the study to the advancement of scientific knowledge and/or the benefits to human and animal health. All abbreviations
must be defined.

Scientific abstracts from grant applications or journal articles are hot acceptable,

50,11

GOAL: It is well known that the hormoene, estradiol, also called estrogen and produced by a women’s ovary, acts on several
tissues and elicits effects beneficial to women’s health. Thus, cessation of estrogen after menopause increases risk for
development of cardiovascular disease, diabetes, and bone loss as just a few examples. Studies, including those in our
laboratories using the baboon as a model for the human, have now confirmed that estrogen also plays a critical rote in
pregnancy and is required for pregnancy to proceed, for mom to stay heaithy, and for the fetus/baby to grow and be delivered
and ultimately develop outside the mother’s womb, Uniquely in humans and nonhuman primates, such as the baboon, but not
in animals such as rodents, while the mother’s ovary remains the source of estrogen during the first trimester, the placenta
becomes the producer of estrogen thereafter. Moreover, placentat estrogen production in primates requires participation of the
fetus, Thus, the fetus, the mother, and the placenta interact and actually communicate with each other via the hormone
estradiol. Unfortunately, it is impossible to perform invasive experiments in women that interrupt this maternal-fetal-placental
communication to study the role of estrogen. Therefore, our understanding of the sites and means by which estrogen works
and assures that the fetus grows remains incompiete. As a consequence, the incidence of premature birth, poor fetal growth,
maternal diseases, such as high-bloed pressure/pre-eclampsia, remain high, Also, unlike many years ago, women today are
exposed to compounds in the environment, known as endocrine disruptors, several of which (e.g., bisphenol A (BPA}) either
enhance or inhibit the actions of estradiol.

BACKGROUND: Using the baboon as a translational research model for the human, we recently showed that exposure of the
mother to a very small increase in estradiol early in pregnancy significantly decreased remodeling of mom’s uterine biood
vessels by placental cells. This process, called uterine artery remodeling (UAR), is essential for development of normatl
maternal and fetal vascular function in pregnancy and diseases, stuich as pre-eclampsta in women, are thought to be due to
improper remodeling of the mother’s spiral arteries. The present proposal outlines studies to determine the sites and
mechanisms of estrogen action on the mother’s uterine arteries and to determine how fetal blood flow becomes
reduced/compromised when the maternal vessels are poorly remodeled. If blood is not adequately supplied to the placenta,
the fetus does not get maternal nutrients, including oxygen, and foods like glucose and, thus, it does not grow nermaily and
also hecomes oxygen-deprived and has poor vascutar function, We also propose studies to determine whether the negative
impact of defective UAR on fetal blood flow is stilj apparent when the fetus is born and develops as an aduit. By knowing how
and the sites/factors regulated by estrogen, we can design studies in women to begin to determine who might be at risk and
design methods/approaches to reduce the impact of the disease.

Our jaboratories also showed that inhibition of the increase in placental estradiol production in the second haif of pregnancy
altered development of key organs in the fetus, including the adrenal gland. In addition, babies born to mothers in which
placental estradiol was suppressed exhibited a reduced response to insulin, a condition known as insulin resistance. These
findings indicate that insulin resistance, which leads to diabetes or uncontroiled high blood sugar, may have its origins in the
womb and that estrogen acts on fetal tissues to prepare them to respond to insulin when the individual is an adult. We calf this
effect of estrogen, “programming.,” The sites and mechanisms by which estrogen is working to program the fetus is a goal of
the second series of experiments outlined in this protocoi.

RESEARCH DESIGN: To accomplish our goals and study the role of estrogen in pregnancy, pregnant baboons wilt be treated
with estradiol or a specific inhibitor of estrogen synthesis alone or in combination with estrogen. Treated/untreated animals will
be delivered by cesarean section at early, mid, or late gestation and the placenta and fetal tissues will be collected and studied
for aspects of biochemical/physiologic maturation. In other experiments, treated/untreated animals will be delivered near term
and neonates will be reared to adulthood. Development of vascular function (e.g., ability to control biood pressure), blood
vessel flow, and glucose {sugar) regulation will also be determined as indexes and/or predictions of development of diabetes.
These studies serve as a model for the human and are designed to provide new information which will enhance our
understanding of the causes of pregnancy complications in women (e.qg., preeclampsia, fetat growth retardation, and
prematurity per se) and the role of hormones in utero on programming fetal organ systems critical for development of
appropriate vascutar (e.g., blood pressure) and metabolic (e.g., glucose-diabetes) function in aduithood.













(60.10

The narrative must address the following:

60.11 Provide the rationale/justification for animal use. Discuss the alternatives {e.g., cell {ines, computer
simulations, or artificial bodies) that were considered,

There is no way to perform these studies in humans and the potential impact on the development of new treatment regimens
for maternal/fetal medicine is profound. For example, based primarily on epidemiologic evidence as well as in vitro studies, it
has been proposed that defective UAR underties ischemic placental disease, which is thought to he the cause of intrauterine
growth restriction {IUGR), early-onset pre-eclampsia, and preterm birth, Unfortunately, while invasion of the uterine spirai
arteries may indeed be the cause of these diseases, the combined incidence of which affects up to 15% -20% of all
pregnancies, no one has been able to demonstrate cause:effect. In March 2015, NIH put out an RFA reguesting proposals to
not only come to understand regulation of placental development including UAR, but to develop new imaging technologies that
can measure UAR and when it is defective, whether that can be detected early in the pregnancy before onset of disease, which
typicaily occurs fater in the pregnancy. Qur animal model is ideal for that and we were awarded two NIH grants {HD 093070
and KD (93946) to study UAR regulation and develop a new imaging technique to ascertain compromised UAR early in
pregnancy. Our studies are directly applicable to the human and show that too much estrogen early in pregnancy may be a
causative factor, Indeed, women in IVF (ART) programs almost always have extremely high levels of estradiol and
progesterone in early stages of their pregnancies and the risk of having an IUGR baby or of the mother developing
preectampsia is much higher than normal. Moreover, blood flow to an perfusion of the baboon placenta is virtually identical to
that in humans and, thus, the imaging techniques we are using in cur model will definitely be able to be used in women. Other
animals, such as rodents, cannot be used for such studies as they differ {e.g., placentation) considerably from the human. The
baboon, like humans, has a fetoplacental unit and a similar hormonal profile, placental development and metabuolic machinery,
and fetal adrenal and ovarian anatomy, biochemistry, and developmental pattern. Moreover, examination of isolated human
tissue or computer simuiations does not permit elucidation of the interaction hetween mother, placenta, and fetus in pregnancy
maintenance/fetal development/parturition. Moreover, such studies do not permit investigators to test that what happens in
utero actually impacts the physiological outcome in adulthood. As emphasized in several journals, fetal growth restriction,
prematurity, pre-eclampsia, and infertility, as well as diabetes and hypertension/cardiovascular disease, continue to be major
heaith problems in the United States with annual direct costs associated with fetal immaturity alone exceeding that caused by
AIDS. In humans, a poorly developed or inadequately functioning placenta resuits in intrauterine growth retardation/reduced
neonatal birth weight and epidentiologic studies have shown that adults with low birth weight are predisposed to hypertension
and reproductive dysfunction. While these clinical studies cannot provide cause:effect information, they may become more
meaningful when interpreted in light of results from our in vivo studies in the baboon. Clearly, the experimental baboon model
and the multidisciplinary collaborative approach developed by the investigators permit a necessary evaluation of the
interactions essentiat to fetal-placental development. Thus, the results derived from the completion of this study wiil provide
important new insight into the communication that occurs between the fetus and placenta and, uitimately, improve our
knowiedge of the reguiation of pregnancy maintenance and development of neonatai self-sufficiency and reproductive function
in the human, Finally, the search of the databases outlined in Section 50,31 did not identify any alternative
methods/procedures for conduct of studies to examine the role of pregnancy on placental-fetal development and the impact of
the hormonal milieu in utero on physiologic/reproductive function in adulthood. Rather, the search identified manuscripts that
demenstrated the value and acceptability of the baboon as a model for studies of human pregnancy.

60,12 Discuss the appropriateness of the species {and the animal strain, if applicable) chosen to meet the
objective(s) of the study. .

In the present study, we propose to continue our use of the pregnant baboon as a model to study the developmental
regulation of maternal, uteropfacentai, and fetal vascular, skeletal muscle, and hepatic maturation and function in human
pregnancy, as well as the impact of the intrauterine hormonal milieu on neonatal growth and physiologic {e.g., glucose
tolerance, vascular function) function in aduithood. Because the maternal, fetal, and piacental units are functionaily
interrelated during human and nonhuman primate pregnancy {e.g., estrogen biosynthesis), they cannot be evaluated
separately. Therefore, in vitro approaches utilizing isofated tissues do not on their own permit an assessment of the maternai-
fetal-placental endocrine system. As in humans, the baboon possesses a hemomonechorial and monodiscoid placenta and a
functional fetoplacental unit, in which the fetal adrenal gland provides the major portion of C19-steroid precursors required for
placental estrogen formation. Because non-primate taboratory animals (e.g., the laboratory rat) do not exhibit
hemomonochorial placentation and do not possess a fetoplacental unit for the biosynthesis of hormones, such as estrogen, and
because kheir raturation of fetal organ systems occurs primarily postnatally (i.e., extra-uterine), their applicability to the
human is limited. The qualitative and guantitative hormonal profiles exhibited in pregnant baboons are also similar in many
important respects to those in pregnant women. For example, the progesterone production rate and serum progesterene
concentrations are elevated during pregnancy in baboons as in women. This contrasts with other nonhuman primates (e.g.,
rhesus monkeys), in which serum progesterone concentrations and production rates are similar in the pregnant and
nonpregnant states. An elevation in the quantities of progesterone in the peripheral circulation is essential to enable their
manipulation and, thus, study of the ragulatory factors involved. Similarities in the metabolism of progesterone during baboon
and human pregnancy further support the use of the baboon for the study of steroid hermone production. Thus, the major
metabolite of progesterone in wamen and baboons is pregnanediol, while in rhesus monkeys it is androstenedione, The
concentrations and patterns of estradiol and estrone in the maternal circulation of pregnant baboons are similar to those in
pregnant women, while the concentration of estradiol in rhesus monkeys at term is an order af magnitude iess than in women.
Corticosteroid production and metabolism also are similar in female haboons and humans. Indeed, the rate of cortisol
production and excretion, type and degree of conjugation, and formation of tetrahydrocortisol and tetra-hydrocortisone as
major metabolites are very similar in baboons and women. This contrasts with other non-human primates, including most new-
world primates (owl, squirrel, and marmoset monkeys}), in which serum cortisol levels and production rates are excessively
high and comparable to those in humans with Cushing Syndrome.

Therefore, the baboon provides an excellent, scientifically valid model for the study of the endocrinology of human pregnancy.,
Finally, the >35 years of baseline data which this laboratory has obtained in pregnant baboons forms a critically important
basis for the continued use of this animaj model and further points to the value and peer-reviewed acceptance of the baboon
for the study of the endocrinology of human pregnancy. Moreover, the search of the databases outlined in Section 50.31 did
not identify any alternative methods/procedures for conduct of studies to examine the role of pregnancy on placental-fetal
development and the impact of the hormonal milieu in utero on physiologic/reproductive function in adulthood. Rather, the
search identified manuscripts that demoenstrated the vaiue and acceptability of the baboon as a model for studies of human
pregnancy.













(120.10 Research Design Instructions

The IACUC reviewers are scientifically knowledgeable; however, they may not be experts in your specific field of study. Please
provide a brief (i.e., one or two paragraphs) overview of the project design and how each experimental goal refates fo the
project design. The description should provide a sequential overview of all procedures and should account for each animal
subject by experimental group. The overview should be followed by a chronological description of alf experimental procedures
refated to the care and use of the animals, The use of tables and flow charts to organize the procedures, numbers of
animals, and schedules is recommended. Please attach such files as separate documents. Do not paste in method
sections from grant applications or journal articles. Do not include methods periaining to in vitro work, unless it applies to the
care and use of animals. For each animal or experimental group, provide information on the duration of each procedure (i.e.,
fluid or tissue collections, methods, sites, volumes/weights, frequencies, etc.) and the total time from initial contact to
completion. Aithough procedures involving drug manipulations and surgery are detailed in other sections of this
form, their application in the research design should be stated here. Any procedures not covered in later sections
of this form must be completely detailed in this section.

By reading only this section of the Initial Review Form, the IACUC should be able to clearly determine each
experiment being performed on each individual animal.

120.11

GENERAL OVERVIEW OF THE PROJECT:

The overall goal of the project is to elucidate the role of estrogen in primate pregnancy on development of the fetus/placenta
and the impact on physiologic processes in the offspring. Over the past 30 years, this laboratory, using the baboon as a modei
for human pregnancy, has shown that estrogen is a key hormone important for placenta} and fetal development, Moreaver, our
studies have shown that critical organ systems, as well as metabolic processes in the fetus, appear to be programmed by
estrogen, consistent with the new prevailing theory that, in addition to our genetic makeup, who/what we are physiclogically
as adults is established in utero by epigenetic mechanisms (e.g., programming). Thus, interference with this intrauterine
programming either by premature birth, poor fetal growth, or exposure to environmental factors that interfere with and/or
enhance estrogen action increases the risk for development in adulthood of diseases such as hypertension and diabetes. Thus,
it is critical to understand what estrogen is doing. However, in examining the role of estrogen, it is important to recognize that
the source and levels of this hormone change during pregnancy. During the first trimester (days 1-60 in the baboon; term =
184 days), the maternal ovary is the source of estrogen and maternal (as well as fetal) estradiol levels are typically relatively
low and more like that found during the follicular phase of the mother's menstrual cycle (i.e., <300 pg/ml). At the end of the
first trimester, the placenta becomes the source of estradiol. As a result, the maternal (and fetal) fevels of estradiol increase
daily throughout the second half of gestation and by term levels exceed 5,000 pg/mi (fetal estrogen levels are about 20% of
those in the mother). Based on our studies and proposed experiments, too much estrogen early in gestation (e.g., as can
occur in "in vitro” pregnancies; exposure of mother to estrogen-likemolecules in the environment) or interference with the
availabiiity/action of estrogen during the second half of gestation (exposure to environmentat inhibitors of the estrogen
receptor; premature delivery) are equaily harmful to placentai/fetal development and physiclogic function in adulthood.

STUDY I: ROLE OF ESTROGEN IN EARLY GESTATION

During the period of relatively fow estrogen, numerous events occur that are essential for establishment of a successfut
pregnancy. Notably, the placenta and fetus must develop blood vessels, gain accessibility to nutrients in the mother’s blood,
and coordinate/regulate blood flow. To accomplish these things, cells in the newly developing placenta, specifically the extra
villous trophobiast (EVT), migrate and attach to the uterine spiral arteries that supply the mother’s blood to the uterus and
products of conception. These placental cells erode about 80%-90% of the srmooth muscle that comprise the blood vesseis.
Moreover, about 50%-70% of the vessels are “invaded” by the placental cells, a2 process termed "remodeling," which renders
these vessels unable to respond to vasoactive agents and, thus, the vessels do not contract {e.g., when mom gets
anxious/stressed). Thus, the invaded vessels are transformed from Jow capacity-high resistance to high capacity-low resistance
vessels and blood “*dumps” into and perfuses the placental intervillous space and serves as a reservoir of nutrients (e.qg.,
oxygen; ghicose) for the fetus. The vessels offer no resistance to flow and, as a resuit, do not significantly influence the
mother’s blood pressure. This critical process is essentially over by the middle of the second trimester, but what regulates this
and why does it end at this time? This is a critical question because we now know that in women who develop the pregnancy
complications of preeclampsia and intrauterine growth restriction, there is “shaliow placental invasion” {i.e., the mother’s
uterine arteries are not adequately invaded by the placental cells), Preeclampsia is life threatening and often complicated by
increased maternal biood pressure and reductions/complications in placental and fetal blood flow that severely restrict fetal
growth. During the previous project period, we showed that by simply injecting the baboon mother in the first trimester with
estradiol and increasing estrogen fevels to those normally seen at the beginning of the second trimester, we inhibited placental
production of vascular endothelial growth factor (VEGF), blocked placental invasion of the uterine arteries, and disrupted
placental/fetal blood flow and response of the fetal-placental vessels to the vasoactive agent serotonin. In the current project
period, we propose experiments to determine the mechanism by which estrogen elicits these effects and ascertain the impact
on placental and fetal development and whether changes in fetal blood flow persist into adulthcod and, thus, were
programmed n utere, Briefly, female baboons within our primate colony will be mated with male baboons of proven fertility
and pregnancy will be confirmed by ultrasound or absence of sex skin swelling and menses.

Experimental Treatment Groups:

Group 1: Untreated; day 60, placenta/fetus delivered, euthanized and studied (n = 8)

Group 2: Maternal estradiol daily on days 25-59; day 60, placenta/fetus delivered, euthanized and studied (n = 8)

Group 3: Untreated; maternat studies - days 80, 100, 150, 160; day 175 piacenta/fetus delivered, euthanized and studied (n
= 8)

Group 4: Maternal estradiof daily days 25-59; maternal studies - days 80, 100, 150, 160; day 175, placenta/fetus delivered,
euthanized and studied (n = 8)

Group 5: Untreated; maternal studies - days 80, 100, 150, 160; deliver spontaneously; offspring reared and metabolic and
vascular function studied pre- and post-puberty {(n = 8)

Group 6: Maternal estradiol - daily days 25-59; maternai studies - days 80, 100, 150, 160; defiver spontaneously; offspring
reared and metabolic and vascular function studied pre- and post-puberty (n=8)

Study I Maternal Experiments (all groups): SEE ATTACHMENT
**Total number of pregnancies for Study 1: N = 48 (8/group x 6 groups)
**Total number of neonates/offspring delivered/reared for Study I: N = 16 (8/group x 2 groups)







Husbandry:

All baboons are housed in USDA regulated cages. Socialization and behavior is menitored by the investigative staff {PI staff)
and CompMed jointly. When possible, female baboons are socialized and pair housed with compatible females. Some pairs are
fulty open allowing free interaction, In some cases as a result of aggressive behavior causing injury or other negative physical
conditions, two fermales are ‘partially paired,” meaning they do not have continuous free interaction, but are restricted while
atlowing tactiie contact and sociatization on a limited level. Some animals cannot be successfully paired on any level. Alf
animals are housed in rooms with multiple other animals allowing for vocal and visual stimuli. Socialization records are
documented and kept by CompMed, Cycling adult female baboons are paired with male baboons for breeding purposes 5 days
prior to ovulation as determined by perineal turgescence or sex skin swelling. Pregnancy is confirmed by ultrasound on day 25
{day 0 = day of ovulation; perineal detumescence) and/or failure to menstruate and the absence of sexual skin swelling.

Blood Sampling:

Animals are sedated with ketamine (10-15mg/kg, intramuscularly (IM)). Blood samples are taken from the femoral or
saphenous vein at 2-4 intervals dependent on treatment group. The area is cleaned with alcohol and blood sampies {3-5 ml)
obtained using 23g-21g needle for determination of biced chemistries (e.g., Na, K, glucose} and hormone profiles (cortisol,
androgens, estradiol, insufin, protactin, growth hormone, ACTH). Blood chemistry will be checked monthly using in-house iSTAT
analyzer. Animals will be weighed once a month when on study. Total blood sample volume < 10% total blood volume not to
exceed 10 ml/kg/month. Animals will be returned to their home cages and monitored for recovery.

Intravenous giucose tolerance test (ivGTT) at early and late gestation:

An IvGTT will be performed at early (~80-120d) and late (~140-160d) gestation. The baboon (14kg -20kg body weight) is
fasted overnight and sedated with ketamine, intubated, and 02 dejivered, The backs of both legs are shaved for catheter
placement. Anesthesia is achieved via IV into an antecubitaj vein and a constant infusion of ketamine (0.1 mg/kg) and propofo}
{0.2 mg/kg)} 0.6mi/minute is given. Once sedated, two baseline biood sampies are coliected and blood glucose and blood
chemistries/gas levels determined using IStat. Approximately three minutes later, at experimental time zero, a bolus of
glucose (0.25 grams/kg BW) is injected over a 10-15 second period into the antecubital vein, Blood samples {total blood
sample volume < 10% total blood volume, not to exceed 10 ml/kg/month) are collected from the saphenous vein catheter at
i, 3, 5, 10, 20, 30, and 60 mins. During the experiment, the animal is constantly monitored for blood pressure {BP}, heart rate
(HR), and respiration, and it is warmed via a warming blanket. At compietion of the experiment, the animal is given lcc
(10mg/kg) iron dextran, IM. Catheters are removed and the animal is monitored for swallowing reflex and response to stimuli
befare it is extubated. The animal is then returned to its cage.

Brachial arterial flow mediated dilation (FMD) following shear stress by Doppler ultrasound:

A non-invasive FMD will be performed at early (~80-120d) and late {~140-160d) gestation in aduit pregnant baboons. Briefly,
the baboon is fasted overnight and sedated with ketamine. The animal is intubated and O2 is delivered. Anesthesia is achieved
via IV into an antecubital vein and a constant infusion of ketamine (0,1 mg/kg} and propofol (0.2 mg/kg) 0.6ml/minute is
given, Doppler flow analysis of brachial artery diameter and flow is determined before and after induction of shear stress,
During the experiment, the animal is constantly monitored for BP, HR, and respiration, and it is warmed via a warming blanket,
Baseline measurements of the brachial artery are taken once a stable plane is established (BP and HR stabilize). Doppler flow
analysis of brachial artery diameter and flow will then be determined over @ 5 minute period (7 measurements). To induce a
stress response, a blood pressure cuff is placed distal to the brachial artery (wrist) and pressure is increased to 50 mmHg
above systolic pressure for 5 minutes to occlude flow. The cuff is then released, which induces shear stress {increased flow}
which should induce endothelial cell nitric oxide production and cause vasodilation. Fetal HR is checked at the start and finish
of the experiment via ultrasound. Once measurements are complete, anesthesia will stop and the animal will be monitored for
swallowing reflex and response to stimuli, extubated, and returned to its home cage to be monitored until upright. Blood
chemistry is evaluated at the start or compietion of the experiment.

Doppler analysis of utero-fetai-placental blood fiow and response to serotonin at term (day ~160-170};

As indicated in the discussion of Study 1, uterine artery remodeling is suppressed in baboons administered estradiol (25 yg/kg
maternal body wt) daily on days 25-59 of gestation and it has been proposed that the latter impacts utero-piacenta} blood flow
dynamics later in gestation, To test this hypothesis, we propose to determine basat (resting) and serotonin-induced uterine
arterial and umbilicai (fetal)} arterial and fetal middie cerebral arterial blood flow dyriamics, as well as fetal heart rate using 2D
Doppler ultrasound during late gestation in pregnant baboons untreated or treated on days 25-59 with estradiol {25 pg/kg;
Study I). The baboon is sedated with ketamine, a catheter is inserted into a peripheral saphenocus vein and into an antecubital
vein, and a constant infusisn via the saphenous vein of ketamine (0.1 mg/kg) and propofot (6.2 mg/kg)/0.25 mi saline/minute
is initiated. The animat is monitored for BP, HR, and respiration, and it is warmed via a warming blanket. A baseline blood
sample (3-5mtl} is obtained via an IV catheter to determine blood chemistries, gases and acid/base status, and subsequent
anatlysis of estradiol, progesterone and androgens. The animal is infused with saiine (0.5 ml/min) for 20 minutes, fetal heart
rate is measured/monitoredm and uterine, umbilical, and fetal middle cerebral arterial blood flow dynatnics are determined
during the final 5 minutes of infusion using 2D Doppler ultrasound, After coliection of baseline data, a maternal infusion of
serptonin {4 pg/kg/min} is initiated, fetal heart rate is continuously measured, and blood flow/ chemistry studies are
performed during the final 5 mins of this 20 minute infusion. Upon completion, the dose of serotonin is increased to 8 pg/kg
BW/min and biood flow/chemistry analyses are determined as described. Infusion of serotonin will be stopped immediately
shouid fetal heart rate decrease to 80 bpm., If fetal HR stays below 80 bpm for mare than 3 minutes, terbutaline will be
administered IV/SQ to the mother under direction of the Attending Veterinarian to alleviate the fetal bradycardia. If fetal HR
does not return to normal and continues to drop or if fetal demise appears imminent, a cesarean section will be performed
after consulting with the AV as described in this protocol. Fetal HR is checked at the start and finish of the experiment via
ultrasound. At compietion of the experiment, catheters are removed and the animal is monitored for swallowing reflex and
response to stimuli befare it is extubated. The animai is then returned to its cage.

Ultrasound guided fetal injection:

On day ~160-175 of gestation, the baboon is sedated with ketamine and placed on isoflurane gas. Ultrasound is performed to
identify both the placenta and the fetus. Once locatized, a 3-inch 23 gauge needle is inserted through the uterine wall into the
rump or shoulder of the fetus and estradiol in 1,0ml saline/5% ethanol is injected. The needle is removed and the fetal HR is
rechecked. The baboon mother is returned to its home cage and 6-24 hours later the fetus is delivered via c-section.

Cesarean section:
On days ~60 to ~170 of gestation based on the study group, the baboon is sedated with ketamine (10-15 mg/kg), intubated,
and anesthetized with isoflurane/oxygen. Vitals (e.g., HR, BP, CO2, RR, and temperature) are monitored by CompMed staff, A







excessive hypertension or tachycardia. The maximum doses of nitroprusside (3 gg/kg BW/min) and acetyicholine (8 pg/kg
BW/min) proposed in the baboon are the average doses administered to humans and which do not cause excessive
hypotension, bradycardia, or cyanide toxicity (NIH Daily Med Search; Medicine Online; Reed et al,, Am ] Physiol E472, 2004).
L-NAME (Chemical grade) has been infused in human studies at a dose of 67/pg/kg BW and elicited no untoward effects {Jones
et al, 1 Physiol, 560:329, 2004). Pharmaceutical grade |.-NAME is not available and chemical grade as used in human studies
will be employed in proposed experiments. At the conclusion of the infusion of vasoactive agents, another blood sample {3-5
mi) will be obtained to verify blood chemistries and gases and acid/base status of the animal. Aithough vasoactive agents are
not expected to induce any major change In vascular/respiratory status, should a continued elevation or depressien in BP or
HR or respiration occur during infusion of any dose of any of the vasoactive agents, the infusion will be stopped and, if needed,
corrective action will be taken under the direction of the AV. At least one month later, the analyses are repeated, but
phenylephrine (or nitroprusside or acetylcholine + L-NAME}) is infused such that each animal receives sequentially ali 3 agents
in a randomized manner, In additon, prior to infusion of the second agent, we propose to collect a biopsy of skeletal muscle for
histologic/biochemical analyses. The entire protoco! is then repeated in the post-pubertal period (at 5-14 years of age). Once
measurements are complete, anesthesia will stop and the animal is monitored for swallowing reflex and response to stimuli,
extubated, and returned to its home cage to be monitored until upright, See Attachment E {surgery) for a complete biopsy
description.

120,12 Attached files
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(120.20
Adverse Effects: Monitoring and Management:

In detail, describe the possible adverse effects for each experimental procedure and/or agent administered to the
animals. For each item, include a statement detailing how the adverse effects will be clinically managed, should
they occur.

Ketamine: IM injection for chemical restraint prior to ali procedures, including blood sampling. Ketamine is a dissociative
anesthetic, Animals can develop tolerance and require increasing doses for effective sedation. Adverse effects can inciude
nerve damage (if injection is improperly piaced) and decreased appetite. Also, Ketamine can have a long-term effect on
kidney function. When possible, the lowest dose is used and each animal is evaluated on its responsive behavior to the drug.
All changes in weight, appetite, or blood chemistry are reported to the veterinary staff {veterinary technicians andfor
veterinarian).

Ketamine: Propofol (Ketafol): IV infusion for all procedures EXCEPT cesarean section, Potentiat adverse effects of ketamine
are listed above. Propofol is very much used in humans and, thus, no major adverse effects are anticipated. However, propofo}
at high doses can depress blood pressure, as well as compromise oxygen saturation and respiratory rate. Although we do not
anticipate needing to increase the propofol dosage to maintain sedation, we will intubate the baboons and provide oxygen (to
maintain 100% saturation) in all baboons in which Ketafol (ketamine:propofol) anesthesia is employed.

Flunixin meglumine (Banamine): Banamine will be injected IM for pain rmanagement, This may cause GI upset if given for too
long or in the event of an overdose. If GI upset is observed (loss of appetite), an alternate medication will be given in
consultation with the Attending Veterinarian,

Isoflurane: Isoflurane will be inhaled to maintain a proper plane of anesthesia during all cesarean section (intraabdominal)
surgical procedures. Adverse effects: none anticipated. Animals are closely monitored during procedures. If the animal moves,
shows eye movement, has increased jaw tone, or shows a rapid increase in heart rate or blood pressure, isoflurane
administration wilt be increased. Possible side effects can be hypotension, dose-dependent respiratory suppression, cardio
depression, and GI effects (nausea, vomiting, lleus), If the animal shows a decreased heart rate, decreased blood pressure, or
pale gum color with reduced capitlary refill time (CRT), iseflurane administration will be decreased, along with a decreased
intravenous fluid flow rate,

Ketoprofen: Oral (PO) administration for pain relief as an alternative to IM Fluxin megiumine. Long-term administration can
cause ulceration of the GI tract and GI bleeding, More rarely, kidney damage and other bleeding disorders can occur. Adverse
effects are not anticipated with the short-term administration described in this protocol.

Abdominal surgery: General risks associated with abdominal surgery include blood loss, infection, and adhesions. Undetected
bicod loss will be prevented by ensuring hemostasis before closing surgical incisions, All animals are monitored during the
post-operative peried (as defined by IACUC policy) for signs of internal bleeding (vasoconstriction and resulting loss of color of
digits/extremities, lethargy, dehydration). Infection will be minimized by use of sterite equipment and supplies, disinfection of
the incision site, performance of surgery in a dedicated surgical suite, and use of aseptic technique during the procedure. The
infection rate has been minimai to none in the 300+ survival surgical procedures performed by the PI/PI staff at EVMS. The
veterinarian will be consulted if unusual redness, swelling, or discharge is noted at the incision site, Adhesions will be
minimized by gentle manipulation of internal organs and lavage of the abdominal cavity with warm saline to remove clotted
blood before closing surgical incisions,

Muscle biopsy {minor procedure): Possible complications may include bruising and discomfort at the site and infection at the
site. Reduced movement may be observed for a short period of time, Analgesia is given to prevent discomfort,

IVGTT: Side effects are minimal. Short-term anemia and depreciated appetite from sedation are possible. Animals are given
an Iron Dextran injection at completion of the experiment and supplemented with a children’s vitamin containing iron. Also,
food intake following experimentation is monitered.

Dextrose (50%): Local pain and vein irritation may occur. Diabetic coma, delirium tremors, and congested states or
pulmonary edema are uniikely, but potential consequences. HR and BP are monitored before and after injection. Fetal HR is
checked in the case of pregnant baboons.

Sodium Nitroprusside: Relaxation of vascular smooth muscle and consequent dilation of peripheral arteries and veins are
anticipated. A change in BP could occur, If there is a consistent increase or decrease in HR or BP, the infusion will be stopped

and the veterinarian will be consuited for treatment options.

Phenylephrine: Irreguiar heart rate, respiratory changes, aliergic rash are possible. HR, BP, and body temperature are
measured throughout the experiment. If there is a consistent increase or decrease in HR or BP, the infusion will be stopped
and the veterinarian will be consuited for treatment options. At this low dose, we do not anticipate any problems or changes in
animal behavior,

Acetylcholine:; The agent is an endothelial celi dilator and, thus, a vasodilator of peripheral arteries and veins, At the maximal
dose used, we do not anticipate severe hypotension or bradycardia; however, if the latter are pronounced or if mean arterial
BP drops below 40 mm Hg, the infusion wilt be stopped and the veterinarian will be consulted for treatment options,

N-nitro-L-arginine methyl ester {L-NAME): This drug blocks the vasodilatory effects of acetyicholine (i.e., blocks endothelial
cell nitric oxide production) and, thus, could cause hypertension and a decrease in heart rate. However, this is unlikely at the
dose employed. The drug has been used in human studies at doses 1.5 times greater than the dose proposed in this protocol
without causing any significant change in BP or HR. The drug is not available in pharmaceutical grade. Chemical grade has
been used in humans.

Serotonin: At the [ow dose proposed in this protocol, we do not anticipate any changes in animal behavior or any long-term










(130.20 Indicate the sedatives/tranquilizers, anesthetics, analgesics, antibiotics, and other relief agents to be
administered. If no anesthetics, analgesics, or other pain relief methods will be used, please provide a strong
justification for withholding analgesic agents. Justification for withholding analgesic agents must be based upon
cited scientific fact or provided experimental data.

130.21

- Analgesic
‘Agen‘tlﬂnéme: Flunixin meglumine {Banamine}
‘Dose in:ma/kg: 2mg/kg
Reute
1 IM
"Frequency of administration: At surgery and muscle biopsies
Length bf administration: * Surgery and 2 days postop BID J

.+ Anesthetic: General
“Agentname; Ketofol
‘Dose in'mg/kg: Ketamine 0.1mg/kg ; Propofol 0.2mg/kg

Route

: 1V infusion

“Frequency of administration: IVGTT with/without biopsy, Flow Mediated
Doppler (FMD)

‘Length of administration: 1-2 hours

. Anesthetic: General

Agent name; Isoflurane
Dose in mg/kg: to effect (~1-3% in 100% oxygen for maintenance)

Route

: Inhalation

FreqUehcy of administration: C-section surgery and fetal injection
Length of administration: For the length of the procedure

1 Anesthetic: General
“Agent name: Ketamine
Dose in mg/kg: 10-15mg/kg

Route

T IM

Frequency of administration: sedation for all protoce! procedures
Length of administration:! Initial sedation

. Analgesic
‘Agent name: Ketoprofen
Dose in mg/kg: 75mg

Route
; PO
Frequency of administration: 2 days postop/muscle biopsy

Length of administration: Alternative to IM Flunixin injection when use of
Ketoprofen is maore suitable for a particular animal







(130.30 will agents other than anesthetics oy analgesics {e.qg., drugs, reagents, cells, etc.) be administered?
Yes

130.31

-

“Agent:” Letrozole

'Adent Vehicle: . Sesame Gil

‘Volume per administration: 0.2-2,0ml

‘Route: sQ

“Site:* Abdomen or back

“Frequency of adm’i‘nistratioh:' daily during pregnancy

“List all expected side effects and/or changes in the animal’s

behavior::. Depreciated appetite. Although the drug itself does not elicit any
side effects, the fact that the consequences of drug therapy are a decrease in
estrogen production levels by >95%, we observe premature defivery and/or
maternal seizures in 15-20% of pregnancies. In instances where a miid
seizure occurs but the animal has not become comatose, we stop drug
treatment for 24-48 hrs and manpiter the animal. Drug treatment can resume
without further development of problems.

\.

‘Agent: Estradiol 17B-3 benzaate

{Agent Vehicle: Sesame Oil; saline/5% ethanol
Volume per administration: 0.2-2,0ml

‘Route;. SQ or IM to fetus

Site; Abdomen or back; rump or shoulder of fetus

:Frequency of administration: Daily on ~ days 100-170 of gestation in
conjunction with letrozole to restore estrogen production; aiso administered to
the fetus en ~ day 160, IM

List all expected side effects and/or changes In the animai’s behavior:: None
are anticipated

\

Agent; Phenylephrine

Agent Vehicle: 0,9% saline

Volume per administration: 1-2ug/kg BW/min/0,3ml saline and then
5ug/kg/BW/0.3mi saline {each for 20minutes in step-up fashion

Route: IV

Site: Saphenous or brachial vein

Freguency of administration: 4 times over the life span of the animal not to
exceed once a month

List all expected side effects and/or changes in the animal’s behavior:: At
this low dose, no side effects are expected J

\.

Agent: Acetylcholine

Agent Vehicle: .9% saline

Volume per administration: 4ug/kg/BW/0.3mi saline and then 8ug/kg/BW
{each for 20min in a step up fashion)

Route: IV

Site: Brachial or Saphenous vein

Frequency of administration: 4 times over the life span of the anirmnal not to
exceed once a month

tist all expected side effects and/or changes in the animal’s behavior:: At
this low dose, no side effects are expected

Agent: Serotonin {5-HT)
Agent Vehicle: 0.9% saline

Volume per administration: 4ug/kg/BW/0.3ml saline and then 8ug/kg/BW
{each for 20min in a step-up fashion)





























































3) Fetus and mother survive: After umbtlical samples are taken, the cord Is cut. The AV is always present for this procedure,
The live neonate is cleared of mucous, stimulated to breathe, and placed in a warm blanket, The neonate wlil be reared by the
PI/CompMed staff under the guidance of the AV and the approved SOP for rearing neonates. Once the cord is cut, the placenta
is processed for analysis. The uterus is flushed with saline and sutured, Manual massage Is used to stimuiate contractions,
Once closed, the uterus is placed back in the abdomen and the area is flushed to remove any clots that may have
accumulated. The abdomen is closed in three (3) layers when present (peritoneum, fascia and skin) using a combination of
continuous and interrupted suture pattern. Absorbable sutures are used; therefore, there is no need to remove the sutures at
a later date. Surgical glue may be used once the skin is closed., Analgesia is administered {Flunixin meglumine {Banamine)
with Iron Dextran, IM). Anesthesia is stopped and the animal is monitored until swallowing or response to stimull is present.
The animal Is extubated and the catheters are removed. The animal is returned to its home cage and continucusly monitored
until it is sitting upright. Immediate post-op recovery is monitored by the CompMed staff. )

4) Fetus survives and mother is euthanized (non-survival): After umbilical samples are taken, the cord is cut, The AV is always
present for this procedure. The live neonate is cleared of mucous, stimulated to breathe, and ptaced in & warm blanket. The
neonate will be reared by the PI/CompMed staff under the guidance of the AV and the approved SOP for rearing neonates. The
placenta is processed for analysis, The mother is then euthanized by 1V injection of Beuthanasia-D selutlon and isoflurane gas
is elevated to the highest level to ensure cessation. tpon confirmation of death, maternal tissue samples wil] be taken {e.g.,
liver, kidneys, lung, adrenal, gonads, pancreas, skeletal musdle, heart, adipose tissue).

Attachment E cont.: Surfical Procedures {2 of 2)













































































































































