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l. Introduction

This is a report on the pharmacology of hormonal contraception, including specifically the
pharmacology related to the synthetic steroid hormones, ethiny! estradiol (EE) and etonogestrel
(ENG) delivered via vaginal administration by NuvaRing. This report also discusses the menstrual
cycle, provides a history of hormonal contraceptives and the safety and efficacy of various types,
i.e., generations of hormonal contraceptives. | have also addressed issues associated with steady
state delivery of hormones and pharmacokinetic studies performed prior to the approval of the
NuvaRing by the FDA, in particular problems associated with variability in serum EE levels in those
studies that are not accurately reflected in the product label.

The opinions given in this report are to a reasonable degree of scientific certainty, based on
the information | have reviewed to date. A list of the information provided to me is contained in
Appendix A. | have also reviewed publicly available medical and scientific literature as well as
relevant textbooks, the FDA website and other relevant internet resources. The opinions expressed
in this report were derived using the same analytical processes that | routinely use in my profession
as a University Professor and Research Scientist, including my education and experience in
reproductive endocrinology and pharmacology. In addition, | reserve the right to supplement these
opinions prior to trial.

1. Background and Qualifications

My formal training in reproductive endocrinology was completed in the world-renowned
reproductive biology training program at the University of lllinois at Urbana-Champaign. |
completed rigorous coursework in endocrinology and reproductive biology, to include the
biochemistry and pharmacology of steroid hormones, including their function in the female
menstrual cycle. Through this program, | was also exposed to cutting edge research in many aspects
of female, as well as male reproduction. My Ph.D. dissertation research focused on the
physiological control of follicle development and ovulation in the ovary, with particular emphasis on
the role of progesterone in regulating neuroendocrine components of the ovulatory cycle. The
cyclical nature of the ovulatory cycle revealed in this work led me to explore biological timing
mechanisms, in an effort to ascertain how these might affect female reproduction. Thus, my
postdoctoral work focused on neural regulation of biological timing, namely the control of circadian
rhythmicity. As an independent investigator, | have merged these areas of expertise to gain
understanding of the natural fluctuation and cyclicity of endocrine function, including how daily
rhythms in hormone secretion are important for maintenance of homeostasis. A current line of
research ongoing in my laboratory explores how the central biological clock in the brain controls the
natural daily pattern of function in the female reproductive cycle. | have published extensively in
well-respected, peer-reviewed journals, including Science, Nature, Neuroendocrinology, Biology of
Reproduction and PLoS One, in the areas of neuroendocrinology and biological rhythms.

| also derive significant expertise from the teaching component of my profession. As a
Visiting Assistant Professor at the University of llinois at Urbana-Champaign, | taught a graduate



level course in advanced reproductive endocrinology. More than 50% of the lecture material for this
course was focused on female reproductive endocrinology. Particularly relevant to this report, |
developed and delivered lectures on the neuroendocrine control of the female menstrual cycle, on
production of steroid hormones by the ovary, on the mechanism of action of steroid hormones, on
the systemic metabolism of steroid hormones, and on the use of hormone-based contraceptives. |
also taught neuroendocrinology of female reproduction in a freshman discovery course and a special
topics course on the control of the female reproductive cycle by the circadian timing system. | was
hired in 2007 by the Department of Pharmacology at Southern lllinois University School of Medicine
specifically because of my expertise as a reproductive endocrinologist. | am the director of the
Endocrine-Reproduction-Gastrointestinal (ERG) unit, which comprises one-quarter of the curriculum
for the second year medical students. A major focus of the second year of the medical curriculum is
Pharmacology. | have developed curricular components to include a 2 h lecture on methods of
contraception. Most of that lecture is devoted to the use of hormone-based contraceptives,
including oral contraceptives, injectables, patches, and NuvaRing. Second and third generation
progestins, and the risks associated with the use of these compounds is specifically addressed in
that lecture. Efficacy, benefits and side effects of contraceptive use are also discussed.

. Overview of the Reproductive System — Menstrual cycles

Production of fertilizable ova is a meticulously choreographed affair that requires precise
timing between the ovary, the hypothalamus of the brain and the pituitary gland, referred to as the
menstrual cycle. The human menstrual cycle is, on average, 28 days in length and can be divided
into two phases. A neuronal clock in the hypothalamus generates bursts of the hypothalamic
hormone, gonadotropin releasing hormone (GnRH). During the first half of the menstrual cycle, the
follicular phase, GnRH is secreted in slow pulses, which are decoded in the pituitary gland to cause
the release of follicle stimulating hormone (FSH). FSH acts on the ovary to induce the growth of a
cohort of small follicles within the ovarian stroma. As growth of the follicle pool progresses, the
developing follicles produce estrogens, the major form of which is 17p3-estradiol. Estrogen feeds
back to the hypothalamus and pituitary to inhibit the production of FSH and luteinizing hormone
(LH) in a negative feedback manner. At some point one follicle in the pool becomes the dominant
follicle and grows rapidly, while the other follicles in the pool regress. As the dominant follicle in the
pool reaches maturity it produces robust amounts of estrogen in a rapid manner. As estrogen levels
climb quickly, the hypothalamus and pituitary respond by changing their responsiveness to
estrogen. The GnRH pulse generator changes its speed. GnRH is now secreted in rapid pulses.
Rapid pulses are decoded by the pituitary gland to cause the release of LH. Instead of estrogen
acting to inhibit LH, the rapid elevation of estrogen causes a rapid secretion of LH. This positive
feedback effect of estrogen occurs only on the day of ovulation and results in dramatic secretion of
LH into the blood. This LH surge induces ovulation, the release of a mature ovum from the ovary
and marks the beginning of the second phase of the menstrual cycle, the luteal phase. Upon release
of the ovum, the follicle cells become luteinized, forming a structure known as a corpus luteum.

The corpus luteum is an endocrine structure which exists to prepare the woman's uterus for the
possibility of receiving a fertilized egg and thereby, to establish and maintain a pregnancy. The



corpus luteum achieves this objective through the secretion of progesterone. Progesterone also
acts to suppress the secretion of LH; this suppression of LH by progesterone will occur as long as
progesterone levels remain elevated.

Thus, if a pregnancy occurs and progesterone levels are maintained, LH will continually be
suppressed. If fertilization and an ensuing pregnancy do not occur, the corpus luteum regresses due
to a lack of LH support, and then progesterone levels drop. As progesterone is required for
maintenance of mature uterine environment, the drop in progesterone levels causes a deterioration
of the uterine lining. The sloughing of the uterine lining, known as menses, completes the cycle.
Thus, it is apparent that the menstrual cycle requires a fluctuation in steroid hormone levels, with
climbing estrogen levels occurring midcycle to induce ovulation. Progesterone levels are low during
follicle development and are high during the luteal phase. Thus, hormonal contraceptives were
developed with the idea that maintenance of constant, elevated levels of estrogen and
progesterone would inhibit the naturally occurring cyclic fluctuations in the gonadotropins, thereby
inhibiting follicle development and, more importantly, the LH surge and subsequent ovulation.

Iv. Hormonal Contraceptives — the physiology of hormones — their development

Estrogens and progestins are naturally occurring hormones with a variety of physiological
effects in women. These include primary reproductive effects that are both developmental, and
physiological in the adult. They include the control of the neuroendocrine axis to regulate the
ovulation, and cyclical preparation of the reproductive tract for acceptance and maintenance of
pregnancy. Additionally, these endogenous steroids exert actions on carbohydrate, protein, lipid
and mineral metabolism. Both estrogens and progestins exert their actions through binding with
intracellular receptors that are members of the nuclear receptor superfamily. Upon binding
hormone, these receptors dimerize and bind to specific DNA sequences on target genes to either
activate or inhibit the subsequent production of their cognate proteins.

The year 2010 marked the 50" anniversary of the first oral contraceptive. As early as 1921
animal studies demonstrated that ovaries transplanted from pregnant animal could cause infertility
in rabbits and guinea pigs. By 1937, it was established that the ovarian hormone responsible for this
infertility, due to its inhibitory effects on the ovulatory process, was progesterone. The discovery
that steroids could be synthesized in the lab paved the way for the development of synthetic
estrogens and progestins. Although progesterone was first synthesized in the lab in the 1930’s its
efficacy as an oral contraceptive was limited to its poor absorption when given orally. A major
breakthrough occurred with the development of the first synthetic progestin, norethindrone, which
demonstrated high progestongenic activity with oral administration. A close isomer of
norethindrone, norethynodrel, was developed a year later. These compounds successfully
suppressed ovulation in all women without breakthrough bleeding and, thus norethynodrel was
used in the first clinical contraceptive trials. A subsequent discovery determined that the original
northynodrel compound was contaminated with mestranol, a synthetic estrogen. Removal of the
mestranol from the preparation increased the incidence of breakthrough bleeding. The addition of
mestranol to the purified norethynodrel proved a successful formulation and was finally developed
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as combination oral contraceptive pill, Enovid, containing 5 mg norethynodrel and 75 mg mestranol.
It was approved by the FDA in 1957 for treatment of menstrual disorders and finally in 1961 for use
as an oral contraceptive. Subsequently, other combination oral contraceptives were marketed in
the 1960’s, including Anovlar, which was the first pill to contain ethinylestradiol (50 ug + 4 mg
norethindrone).

The initial observation estrogen reduced breakthrough bleeding became the basis for using
the combination of an estrogen and a progestin in later pills. However, estrogens can inhibit
ovulation independent of progestins. Estrogens suppress FSH resulting in inhibition of follicular
growth. Thus, in the constant presence of estrogens, it is not possible for ovarian follicles to reach a
stage of maturity sufficient to elicit ovulation. Progestins, provide a contraceptive effect by directly
suppressing the ovulatory LH surge. Furthermore, they thicken the cervical mucus to hinder sperm
migration into the fallopian tube and block maturation of the uterine endometrium such that it will
be less receptive to implantation. Progestins can cross react with other steroid receptors, including
androgen receptor and glucocorticoid receptor. Estrogens promote the synthesis of several hepatic
proteins and have a well-established prothrombotic effect.

Many changes have occurred such that current forms of hormonal contraceptives are vastly
different from the original pill. iImportant modifications include reduction of hormonal dosages,
introduction of new progestins, development of various schemes of estrogen-progestin
administration, and development of alternative routes of administration.

The first evidence of increased risk for thromboembolism related to estrogen in oral
contraceptives was surfaced less than ten years after their introduction when epidemiological
studies in the United Kingdon revealed an increased susceptibility to thromboembolic events in
contraceptive users. It is now firmly established that estrogens in general, and ethinylestradiol in
particular, stimulates synthesis of several clotting factors. However, even at low doses, oral
contraceptives remain prothrombotic.

Development of levonorgestrel (LNG), a second generation progestin, allowed the reduction
of the progestin dosage. In general, the second generation progestins are androgen derivatives.
They tend to be more androgenic, but less estrogenic than the first generation progestins. Oral
contraceptives containing doses of LNG from 250 mg to 100 mg in later years, combined with 50, 30
or 20 mg ethinylestradiol were marketed at the end of the 1960s and are still the most frequently
used.

In an effort to minimize the adverse androgenic effects associated with first and second
generation progestins, two new progestins, gestodene and desogestrel, were derived from LNG and
marketed staring in the early 1990’s. They belong to the ‘third generation progestins’. Both have
been combined with ethinylestradiol in pills that were originally touted as the drug of choice due to
their increased specificity for the progesterone receptor and decreased affinity for the androgen
receptor. However, in 1995-1996 three papers published in The Lancet, revealed that the relative



risk of venous thromboembolism associated with the use of third generation pills was twice that of
second generation pills.

Currently, there are eight types of synthetic progestins, produced primarily as chemical
derivatives of testosterone (19-nortestosterone derivatives), which are commonly divided into two
families: estrange and gonane. The estrane family which typically is considered first generation
progestins consists of norethindrone and other progestins that metabolize to norethindrone. These
include norethindrone acetate and ethynodiol diacetate. The gonane family can be further
subdivided into two groups, based on their classification as a second or third generation progestin.
The older gonanes are second generation progestins, including levonorgestrel and norgestrel. They
have varying degrees of androgenicity and estrogenicity. The newer gonanes are the third
generation progestins, which include desogestrel, norgestimate and etonogestrel. Drospirenone is a
17a spironolactone derivative that is considered a fourth generation progestin. Third (and fourth)
generation progestins are highly selective for the progesterone receptor with minimal androgenic
properties.

V. Risks of Hormonal contraceptives

Hormonal contraceptives are an effective means of birth control. The failure rate is less
than 1% with ideal use and approximately 3% with typical use. Initiation of hormonal contraceptive
therapy is associated with menstrual irregularity. Breakthrough bleeding and spotting are common
during the first 3 months of administration of most hormonal contraceptives; in 3 large clinical trials,
2—11.7% experienced breakthrough bleeding during the first year of use. Dosing is continued under
the prescribed conditions, menstrual irregularity generally subsides. Amenorrhea, oligomenorrhea,
and temporary infertility are also reported in combination hormonal contraceptive users.

By far the most severe adverse effects associated with hormonally-based contraceptive use are
thromboembolic disorders. The risk for development of deep venous thrombosis and/or pulmonary
embolism is approximately 3—6 times greater in oral contraceptive users. These risks are increased
in women who smoke. The dose of the hormone and the type of hormone are both important
factors in determining risk for thromboembolic events. Estrogens, including EE, decrease levels of
antithrombin-Ill and increase the production of blood clotting factors VI, VIlI, IX and X. The type
and dose of progestin, in combination with the estrogen contributes significantly to embolic risk.
Typically, the first and second generation progestins, which have significant androgenic activity, will
act to counterbalance the prothrombotic effects of estrogen. The same is not true for the third
generation progestins, such as ENG. The vast majority of scientific literature and evidence suggests
that inclusion of the third generation progestins in combination with EE doubles the risk of adverse
thrombotic events.

Other cardiovascular system problems are also reported. Hypertension may also occur with
hormonal contraceptives use. Its prevalence increases advanced age and with increased duration of
us. Blood pressure typically returns to normal after discontinuation of EE:ENG therapy, but close
monitoring is recommended in patients at risk for hypertension. The WHO Collaborative Study of
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Cardiovascular Disease and Steroid Hormone Contraception found a 5-fold increased risk of
myocardial infarction associated with oral contraceptive use. However, this increased risk may have
reflected the increased number of smokers in this international trial. There was no increased risk of
myocardial infarction in women who were non-smokers with normal blood pressure.

Smoking is well known to add risk to hormonal contraceptive therapy. As much as a There is
a 10—12 fold increased risk of myocardial infarction is found in patients who use hormonal
contraceptive therapy and smoke. An observational study presented at the European Society of
Cardiology Congress in 2007 suggests that 10 years of oral contraceptive use may also increase risk
of atherosclerosis. These data would be expected to apply similarly to women who use NuvaRing.

VL. Fundamentals of Pharmacokinetics

Successful drug therapy requires not only the known pharmacological action of a substance
on a specific receptor found in a particular target tissue, but also must include an assessment of a
variety of other factors. The mechanism of drug interaction with its receptor and the relationship
between the drugs and its systemic effect are defined as pharmacodynamics. Upon entry into a
biological system, however, the body begins immediately to interact with the drug through
processes of absorption, distribution, metabolism or biotransformation and ultimately, elimination.
These processes, defined as pharmacokinetics, are also important in the consideration of a drug’s
usefulness. An understanding of all these processes within the body is essential to the development
of drugs that will both effective and safe to use.

Pharmacodynamic relationships, including the affinity, specificity and action of a drug with
its targeted receptor are critical in determining the efficacy of a drug, and in determining what kinds
of adverse effects the drug might have. Synthetic steroid hormones used as contraceptives, like
their endogenous counterparts, typically act on intracellular receptors of the nuclear receptor
superfamily. Synthetic steroids can act as agonists or antagonists on the intended receptor. In the
case of synthetic steroids used in hormonally based contraceptives, the synthetic estrogen
compound will act as an agonist on estrogen receptors (ER), whereas the progestin will act as an
agonist on progesterone receptors (PR). Thus, binding of the synthetic estrogen to the ER will
activate the ER; progestin binding to the PR will likewise activate the PR. Upon activation, ER and PR
act as transcription factors by binding to DNA elements and either turning on or turning off known
target genes. However, there can be cross reactivity between the synthetic steroids and other
receptors. That is to say that the synthetic steroids can bind to other members of the nuclear
receptor superfamily, or to other types of receptors. This event is more common with progestins
than with estrogens. Synthetic progestins often cross react with androgen receptors and/or
glucocorticoid receptors, which can lead to unintended effects. Typically, progestins have a much
lower affinity for the androgen or glucocorticoid receptor than for the PR, thus, binding to these
alternative receptors becomes more prominent as the dose of the progestin is increased.

In determining the appropriate dose of a drug that is safe to use, studies that examine the
affinity of the drug for its target receptor are performed. Quantification of the amount of drug



required to achieve a desired response is typically done by establishing a dose-response
relationship, where dose is the amount of the drug that is given and the response can be measured
in a number of different ways. Many drugs, including steroid hormones, have a graded response
that varies from a minimum to a maximum. The dose response curve typically shows increasing
responsiveness with increasing dosage until it reaches a plateau. These types of dose response
curves are used as a part of the determination of the therapeutic dose for any given drug.

Because it is not possible to know the exact concentration of a drug at its site of action and
it can be difficult to measure the maximal response of various physiological parameters within a
complex organism, an alternative approach for choosing an appropriate therapeutic dose of a drug
is to determine the plasma or serum concentration. The plasma or serum concentration is defined
as the concentration of the drug that is found in the plasma or serum at any given time. Plasma or
serum concentration will vary with absorption, release and the rate of metabolism and elimination
of the drug. The maximal concentration of the drug, or Cmayx, is defined as the highest
concentration achieved with a single dose of the drug. The time required to achieve Cmax, defined
as Tmax, will vary according to the route of administration. Tmax is shortest when drugs are
administered IV, and considerably longer when drugs are administered orally, epidermally or
vaginally. However, for all drugs, a concentration profile (concentration of the drug in the blood
over time) can be observed. Measuring the area under the curve (AUC) for the concentration vs.
time plot gives an idea of how much drug is found in the body over time and is often used to
determine dosing regimens.

Pharmacokinetics is also extremely important in determining the efficacy and safety of
drugs, and importantly, in determining the appropriate dose to use. Regardless of the route of
administration, all drugs must cross cell membrane in order to gain access to the body. Most drugs,
including hormonally-based contraceptives, pass through membranes and gain access to the
circulatory system where they are transported throughout the body. Drugs that are nonpolar, with
low molecular weight and high lipid solubility, such as steroids, are readily transported across lipid-
rich membranes. Thus, these drugs are readily absorbed by the body. Once absorbed, the body
goes to work on these drugs immediately. Thus, several other pharmacokinetic parameters must be
considered when developing a dosing regimen, including clearance, volume of distribution,
bioavailability and half-life (T,;;). Drug clearance is an independent pharmacokinetic parameter that
does not depend on volume of distribution, Ty, or bioavailability. By definition, clearance is the
volume of blood that is cleared of drug per unit time, which can be calculated from the following

equation:

_rate of elimination of drug
" plasma concentration of drug

Clearance is an important factor to consider when trying to establish a maintenance
concentration, or target plasma concentration for a drug. The target drug concentration is often
defined as the steady state concentration, although this term may be something of a misnomer,



since a constant level of drug in the blood is rarely achieved. The steady state concentration is
inversely proportional to the clearance for any given maintenance dose of a drug.

Steady state is also affected by the Ty, of a drug. Ty, is defined as the amount of time
required for the concentration of a drug to decrease by 50%. Ty, is a dependent pharmacokinetic
factor. It depends on clearance and the volume of distribution. T,/ determines how long it takes to

reach a steady state.

Bioavailability (F) is the fraction of a drug that reaches the systemic circulation after
administration. By definition, bioavailability of an intravenously administered drug is 100%.
However, when drugs are administered by other routes, including orally, transdermally and
vaginally, only a fraction of the drug reaches the systemic circulation. Several chemical and physical
factors can act to reduce bioavailability for drugs administered by these routes. These include poor
solubility, incomplete absorption, pH, metabolism by bacteria in the Gl tract, efflux of the drug, and
rapid metabolism of the drug during its first pass through the liver. Bioavailability is determined by
comparing the AUC for the drug administered through the chosen route in comparison to the same
drug injected intravenously according to the following equation:

_(AUC)oral  (dose)iv
(AU x(dose)oral

When absorption is not 100%, drugs must pass a stringent bioavailability test to assure that
bioavailability remains constant between lots and formulations of the drug. Thus, the plasma
concentration-time data are critical in determining the steady state concentration of the drug. From
these data, the pharmacokinetic calculations of area under the curve and slope can be determined
and then used to derive clearance, volume of distribution T/, and bioavailability.

ViI. Vaginal vs. Oral Delivery

Combination oral contraceptive regimes rely on the activities of estrogens and progestins to
suppress ovulation. Generally, they provide very good cycle control and are highly effective at
preventing unwanted pregnancies. Oral forms of these contraceptives have been available in the
United States since the 1960’s. As a class, this group of drugs is one of the most widely prescribed
pharmaceutical agents in the industrialized world. However, there are several problems associated
with the oral delivery of hormones, including patient compliance to the dosing regimen, a reliance
on the Gl tract for absorption, which can be incomplete or at least variable, and the effect of first
pass metabolism by the liver. The first obstacle faced by an orally delivered drug is absorption
through the Gl tract. Although mechanisms that govern Gl drug absorption are known, the process
is complex and modified by several confounding factors; which include but are not limited to the
following: 1) molecular anatomy of the drug and its concentration, 2) the pK, of the drug, which
governs its degree of ionization at the varying pH values throughout the Gl tract), 3) lipid solubility,
4) chemical or physical interactions with other drug preparations and with food, 5) the
disintegration and dissolution rates of pills, 6) the rate of passage of the drug through the Gl tract, 7)
fluid volume within the Gl tract, 8) osmolality and pH of the Gl tract, 9) intestinal blood and lymph
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flow, 10} functional integrity of the gastric and intestinal epithelium, and 11) drug biotransformation
within the intestinal lumen by microflora, or within the mucosa by host enzyme systems. Because
oral dosing is the most common route of administration, decades of research has been performed
to ensure the efficacy and safety of drugs that are administered through this route. Once absorbed
via the Gl tract, the drug passes first through the liver where it metabolism and biliary excretion can
occur before it ever reaches the systemic circulation. If metabolism or biliary excretion is large, the
bioavailability of a drug is substantially reduced, which is commonly referred to as the first pass
effect. An example of a chemical substance relevant to this report where the first pass effect is
substantial is the native hormone progesterone. In early studies, researchers observed that
progesterone was capable of blocking ovulation. However, when the native hormone was
introduced through oral administration, the highly lipophilic steroid passes into the liver, where it is
biotransformed and excreted before reaching the systemic circulation. Modifications of the
progesterone molecule to reduce biotransformation during the first pass through the liver provided
a synthetic hormone capable of inhibiting ovulation when given orally.

In attempt to overcome issues with bioavailability as influenced by Gl absorption and first
pass metabolism, pharmaceutical companies have developed alternative forms of delivery for
estrogens and progestins, including injectables, transdermal patches and vaginal rings. The
NuvaRing is one example of a device that has been developed to overcome the problems associated
with the oral delivery route. Insertion of the NuvaRing into the vagina can be easily performed by
the end-user without the assistance of healthcare professionals, which allows greater reproductive
freedom to women. Once in place, the device releases hormone for 21 days, thereby increasing
compliance because there is no need to remember to take a pill every day. The vaginal route of
delivery does overcome the problems associated with first pass metabolism by the liver. However,
the claim that absorption through the vagina will avoid all the problems associated with absorption
through the Gl tract seems overstated.

In contrast to the oral mucosa or the Gl tract, the vagina is highly dynamic with respect to its
physiology, which creates significant uncertainty with respect to retention and absorption of drugs,
as well as their metabolism and elimination from the vagina. The vagina does, however, offer a
favorable environment for the absorption of drugs. It has a large surface area, is highly vascular and
permeable. Several drawbacks to include cultural sensitivity, personal hygiene, gender specificity,
local irritation, intercourse and menstrual cycle changes. Vaginal physiology must be considered.
The vaginal epithelium undergoes cyclic changes, under the influence of hormones, particularly the
female sex steroid estrogen and progesterone. These cyclic changes have dramatic effects on
epithelial thickness and porosity, pH and amount and composition of vaginal secretions. The vaginal
absorption of steroids is affected by the thickness of the vaginal epithelium. Vaginal absorption of
estrogen is reported to be higher in postmenopausal women (whose vaginal epithelium is thinner)
compared to premenopausal women.

Epithelial thickness is increased in the late follicular phase of the menstrual cycle due to
estrogen-stimulated proliferation of the cells in the basal layers. In parallel, the number od
desmosomes increase and intercellular junctions increases, which, in effect, binds the cells more
tighylt to each other, creating more a barrier to absorption. In the luteal phase, where progesterone
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dominates, the epithelium become loose and porous, and consequently, has increased permeability.
There is increased absorption of even high molecular weight hydrophilic drugs during this phase.

The volume, viscosity and pH of vaginal fluid have a considerable influence on vaginal drug
absorption. Elevated volume increases absorption of drugs that are not water soluble, although the
increased volume may also cause leaking of the drug from the vagianl cavity. Excessively viscous
cervical mucus may also hinder drug absorption. An in vitro study reported release of prostaglandin
E2 from vaginal preparations varies depending on the pH of the media. Thus, any change in the
vaginal pH may affect the release profiles of pH sensitive drugs from vaginal formulations.
Furthermore, the vaginal epithelium has a lower enzyme activity compared to the Gl tract; however,
there is also menstrual cycle variation in the presence of these vaginal enzymes. The variations in
the enzyme activity with cyclic and hormonal changes affect vaginal drug delivery.

Permeation of drugs through the vaginal epithelium will occur via either by passing between
adjacent epithelial cells (paracellular) or across cell membranes (transcellular). Cyclic changes in the
vaginal epithelium alter both of these prime routes of drug uptake. Generally, hydrophilic
compounds use the paracellular route, whereas, hydrophobic compounds, like estrogen and
progesterone, prefer the transcellular route. However, these generalizations regarding drug
absorption may be altered with the cyclic changes in the vaginal epithelium, which has a substantial
effect on vaginal absorption. Therefore, it stands to reason that in the design of pharmaceuticals
that are delivered through the vaginal routs, significant attention should be paid to cyclic changes in
the vaginal environment during the research and development process.

Vill.  The Pharmacokinetic/Pharmacodynamic Studies on NuvaRing

FDA approval of NuvaRing in October 2001 was granted subsequent to a single, small clinical
trial (Clinical Trial 34218) conducted to determine the pharmacokinetic profiles of EE and ENG
delivered on a daily basis to users of this device. Clinical Trial 34218 was conducted using an open
label, randomized cross-over design in 16 subjects to compare NuvaRing with the oral contraceptive,
Marvelon, also manufactured by Organon. This study is the sole support for the serum
concentration levels referenced in the NuvaRing product insert provided to physicians from the time
of FDA approval through the present day.

The 16 subjects in Clinical trial 34218 were randomized into two groups, with 8 subjects in
each group. Group | used the oral contraceptive, which contained 0.150 mg desogestrel (DSG) and
0.030 mg ethinyl estradiol (EE) per pill, followed by a 7 day pill free period, followed by 35 day use of
the NuvaRing (daily release rate of 0.120 ENG and 0.015 EE), and finally an intravenous injection of
0.150 mg ENG and 0.015 mg EE. Group Il used NuvaRing first for 35 days, followed by Marvelon and
then the intravenous injection.

Clinical trial 34218 was designed to evaluate pharmacokinetics, including in vivo absorption
rate and bioavailability (F) of ENG and EE released from the NuvaRing. Pharmacokinetics of ENG and
EE were assessed on the final day of Marvelon intake, throughout the entire NuvaRing treatment
period, and subsequent to the ENG/EE injection. Pharmacodynamics associated with NuvaRing use
were determined before, during and after the treatment period by analysis of serum hormone levels
and vaginal ultrasound. Blood samples were collected 1) on the last day of Marvelon intake (-5 min
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and after 0.25,0.5,1, 1.5, 2, 3,4, 6, 8, 12, 16, 24, 48 and 72 h}), 2) on the day of NuvaRing insertion (-
5 min and after 6, 8, 12, 16, 24, 48 and 72 h); 3) every other day through the NuvaRing use period; 4)
upon removal of the NuvaRing (-5 min and after 3, 6, 12, 24, and 48 h); and 5) during the ENG/EE
injection period (-5 min and after 5, 10, 15, 30 and 45 min and after 1, 1.5, 2, 4, 6, 8, 12, 16, 24, 36,
48,72, 96 and 120 h). From these.samples, serum hormone concentrations for ENG and EE were
determined. Concentration vs. time plots were constructed for each subject. Concentration vs.
time plots were used to determined various pharmacokinetic parameters, including Cmax, Tmax,
steady state concentration, AUC, Ty, bioavailability and clearance. Pharmacokinetic data are
included in Appendix B of the report for Clinical Trial 34218.

The conclusions derived by the researchers from this experimental trial can be summarized
as follows: NuvaRing use for 35 days resulted in inhibition of ovulation and suppression of follicle
growth in the ovary, as assessed both by vaginal ultrasonography of the ovary and serum
gonadotropin levels. ENG concentrations for the NuvaRing continuously increased during the first
week, followed by a subsequent weekly decrease of approximately 100 pg/ml. Mean ENG
concentrations after one week of NuvaRing use was similar to the average steady state
concentration attained with Marvelon use. The absorption rate of ENG steadily decreased
throughout the period of use. Ty, for ENG was consistent regardless of the route of administration.
Bioavailability of ENG was higher during NuvaRing use than for Marvelon. On average, EE
concentrations rose much more rapidly compared to ENG to reach CMax 2-3 days after insertion of
NuvaRing, followed by a steady decrease in levels throughout the remainder of the trial period.
Bioavailability was similar for EE with NuvaRing and Marvelon.

However, in my opinion, the conclusions drawn from this study do not accurately reflect all
of the actual pharmacokinetic data obtained during Clinical Trial 34218. Careful analysis of the
pharmacokinetic data presented in Appendix B of that trial shows that some data points were
omitted from the final analysis without reasonable cause or any scientific basis, or at least without
reasonable explanation. Figure 3 of Appendix B is a graphical representation of serum
concentrations of ENG and EE over the course of the study. The significant amount of variability in
serum EE concentrations is particularly striking. When examining the profiles of EE serum
concentrations, there seem to be two distinct patterns for EE. Several of the subjects (subject 0006,
0008, 0011 and 0016) experienced a “burst effect” characterized by a rapid increase in serum EE on
the first day of NuvaRing use, followed by a drop to levels that were less variable throughout the
remainder of the study (See Appendix 2 below for examples of subjects with a burst profile). For
example, EE levels for Subjects 0006 and 0011 measured as high as 81 pg/ml and 51 pg/ml,
respectively within 6 h after initial insertion of the NuvaRing. The second pattern includes a mid-use
surge of EE levels, which was fairly extreme in two Subjects. Serum EE reached 42.5 pg/ml on day
23 of NuvaRing use in Subject 0007 and 62.0 pg/ml after 9 days in Subject 0010 (See Appendix 3
below for examples of Subjects who experienced unexplained midcycle surges in EE). Dr. Sam,
Organon’s in-house biochemist, testified that the data of these specific data points were not
included in the calculation of serum EE found in Figure 4 of Appendix B, which is reflected as Figure |
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in the NuvaRing product label. The narrative portion of Clinical trial 34218 addresses the omission
of serum EE data points as follows:

“The following serum concentrations were considered to be too low
(Subject 0007: ENG concentration of 92.4 pg/Ml at 16 h after Marvelon®
intake) or too high (Subject 0007: EE concentration of 42.5 pg/Ml after 23
days of CCVR use; Subject 0010: EE concentration of 62.0 pg/MI after 9
days of CCVR use).”

The scientific basis for the exclusion of these data is not made explicitly clear in this report.
Although some variability is expected in biological data, it is my opinion that it is not reasonable to
simply discard data points because they appear “too high” or “too low”. Statistical tests are
available to examine individual points in a data set to determine whether they represent true
anomalous readings that warrant exclusion from the analysis. These practices were clearly not
followed in this report with regards to the handling of the data in Clinical trial 34218. What is clear
is that the data reflected in Figure 4 of Appendix B, and therefore, in Figure 1 of the product label
does not represent a true “n=16" because of the unexplained omission of certain data points.

The variability in serum EE is also reflected in the Tmax values reported in Tables 5-1 and 5-2
of Appendix B. Table 5-2 reports mean Tmax values for the 16 subjects to be 59.26 h, with a
standard deviation of 67.53 h. A standard deviation that is higher than the mean clearly
demonstrates that Tmax, the time to reach a maximal serum concentration of EE, was widely
variable among study participants. Careful examination of Tmax for individual subjects in Table 5-1
again shows that there is a large amount of variation among subjects. For 6 of the subjects (0006,
0008, 0011, 0014, 0015 and 0016), Tmax was reached approximately 6-8 h after insertion of the
NuvaRing. For 6 others (0001, 0002, 0004, 0007, 0009 and 0013), Tmax was reached 47-70 h after
insertion, and finally, for 2 subjects Tmax was not reached until greater than 200 h after insertion of
the NuvaRing. Thus, the variability in reaching Tmax was over 8 days, which is 1/3 of the time the
ring is approved for use. This amount of variability is significant. These data clearly reflect a wide
range in accumulation of EE in the serum, which may reflect differences in release, absorption
and/or metabolism of EE among individual women. As these parameters will affect the efficacy and
safety of drug use, it seems reasonable to expect that further pharmacokinetic studies would be
performed to address potential population differences in serum EE levels.

In contrast to the variability in profiles of serum EE concentration over the course of the
trial, patterns of serum ENG levels among participants were more consistent. Typically serum ENG
fevels rose over the course of several days, with Cmax most often reached on or about day 5. After
reaching a peak on this day levels slowly declined until the end of the study. Interestingly, and in
direct contrast to the EE data, there was not a single incidence where a “burst” effect was observed
for serum ENG levels. It is my opinion that this discrepancy is unusual and should have been
investigated. Potential reasons for differences in Cmax for the two synthetic hormones include: 1)
vast differences in the rate of absorption or 2) differences in the rate of release of the hormone
from the carrier. Analysis of the data provided in the Clinical trial suggests that there are significant
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differences in the absorption rate. However, the rate of absorption of ENG is, in fact, higher than EE
(Table 5-2), which suggests ENG is absorbed more readily than EE. This idea is further supported by
differences in absolute bioavailability, which were 102.86+12.82% for ENG and 55.60+12.88% for EE.
Collectively, these data suggest that EE is absorbed more slowly and less efficiently than ENG. Thus,
the fact that “burst” effects were observed for EE but not for ENG remain unexplained in terms of
the capacity of these compounds to be absorbed via the vaginal epithelium.

IX. The NuvaRing Label is Not Consistent with the findings in Clinical Study No. 34218

Careful analysis of Clinical Trial 34218, which is the basis for the data presented on the
NuvaRing product label, suggests significant discrepancies between the product label and the
complete data presented in the Clinical Trial. Of specific concern is the unexplained omission of
data points for serum EE concentrations deemed anomalous for reasons that seem without solid
scientific basis. The Clinical Trial clearly demonstrates significant variability in serum EE profiles over
time in the 16 subjects studied. Specifically, there are “bursts” of EE in certain subjects that appear
within 6-8 h of NuvaRing insertion, as well as mid-cycle spikes of serum EE in other subjects. Clinical
Trial 34218, which is the sole study to represent the pharmacokinetic parameters of NuvaRing,
revealed very high “bursts” of EE measuring 81 pg/ml and 51 pg/ml, respectively for Subjects 0006
and 0011, within 6 h after initial insertion of the Ring. This “burst” effect is not reflected on the
product label.

A second source of variability in EE concentrations occurs throughout the course of
NuvaRing use as reflected in the widely divergent profiles of EE serum concentrations among the 16
subjects as displayed in Figures 3-1 through 3-16 of the Clinical Trial. Of particular concern are mid-
cycle spikes of EE in subjects 0002 (38.8 pg/ml) on Day 21 of NuvaRing use, Subject 0007 (42.5
pg/ml) after 23 days of NuvaRing use and Subject 0010 (62.0 pg/ml) after 9 days. Dr. Sam, Organon’s
in-house biochemist, testified that these specific data points from the latter two subjects, which
showed the highest readings of EE, were not used in calculating the mean serum concentration of EE
reflected in Figure 1 (i.e., the graph) of the NuvaRing label. In my assessment of the data presented
in Clinical Trial 34218, | performed calculations on the mean serum EE concentrations and found
that the numbers presented in Figure 1 do not reflect inclusion of all data points. Some of the data
points presented in that Figure represent fewer than the 16 subjects as repeatedly indicated on the
product label. Other variation in the amount of EE experienced by several other subjects, Subjects
0002 and 0009 with EE serum concentration levels at 35 pg/ml, while Subjects 0004 and 0005 had
levels around 25 pg/ml, demonstrate clear inter-subject variability among participants in Clinical
Trial 34218, yet as acknowledged by Organon’s expert, Dr. Sam, much of this information is not
present in the label. Thus, it is apparent that Organon was not completely transparent in their
communications to the FDA regarding excluding the high EE levels of these two subjects in their
calculation of the mean serum concentration levels presented in the NuvaRing label.

There are several aspects of the product label that are inconsistent with Clinical Trial 34218
and, therefore, are inaccurate representation of the only clinical data available regarding the
pharmacokinetics of the hormones as delivered by NuvaRing. First, bioavailability data were derived
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from 9 of 16 subjects for ENG and 5 of 16 subjects for EE. The reason for exclusion of certain
subjects and inclusion of others for calculation of this critical pharmacokinetic parameter is not
clear. Itis particularly troubling that the bioavailability of EE is based solely on 5 Subjects. Although
not explicitly stated, it is likely that the wide variability in serum EE levels seen when data from
individual subjects are compared, contributed to the exclusion of the majority of the data when
calculating bioavailability. The label does not disclose the extensive variability in the delivered dose
of EE in these 16 subjects. The label represents that the pharmacokinetic profile of EE is at a steady
state, as evidenced in Figure 1 of the NuvaRing label. Examination of Figure 1 in the product label,
which presents the serum EE concentrations over time, compared to the same data as presented in
Clinical Trial 34218 (Figure 4 in Appendix B) suggests that evidence of this burst effect is minimized
on the product label. In the Clinical Trial (Figure 4, Appendix B), the y-axis for EE ranges from 0-35
pg/ml. Under these circumstances, the “burst” effect is clearly evident. However, when these same
data are presented on the product label, the y-axis for EE is extended to 90 pg/ml, which in effect
compresses the data so that any variability, including the “burst” effect, is minimized (See Appendix
1 below for a comparison between the actual data and the data shown on the product label).
Furthermore, Figure 1 does not represent a true “n=16" since data points were excluded from the
calculations as presented in the Figure. Thus, Figure 1 in the product label is misleading.

The “burst” effect was not acknowledged in the 1999 Clinical Expert Report, which provided
the foundation for the original product label in 2001. However, the 2006 Clinical Expert Report does
report the “burst” effect. Furthermore, Titia Mulders, a researcher and scientist who worked for
Organon in the development of the NuvaRing®, acknowledged that the footnote regarding the
“burst” effect” was omitted from the 1999 Clinical Expert Report. Additionally, Dr. Mulders agreed
that by excluding the data, physicians could not have known that hormonal burst data was not
disclosed on the package insert for NuvaRing® (573:10). Additionally, the published journal article
(co-authored by Dr. Mulders) does not report any information about the burst effect or the EE
spikes throughout the cycle. (570:22).

The pharmacokinetic profile of etonogestrel and ethinyl estradiol during use of NuvaRing® is shown in
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Figure 1. Mean serum concentration-time profile of etonogestrel and ethinyl estradiol during three weeks of

NuvaRing® use.
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TABLE I: MEAN (SD) SERUM ETONOGESTREL AND ETHINYL ESTRADIOL
CONCENTRATIONS (n=16).

1 week 2 weeks 3 weeks
Etonogestrel
(pg/nl) 1578 (408) 1476 (362) 1374 (328)
Ethinyl estradiol
(pg/mlL) 19.1 (4.5) 18.3 (4.3) 17.6(4.3)

TABLE II: MEAN (SD) PHARMACOKINETIC PARAMETERS OF NuvaRing® (n=16).

Hormone Craax Tz 3% CL
pg/mL hr hr L/br
Etonogestrel 1716 {445) 200.3 (69.6) 293 (6.1) 34 (0.8)
Ethinyl Estradiol 34.7(17.5) %9.3(67.5) 34,7 (28.8) 3.8 (11.6)

Cax ~ AN senun diug concentration

Touax - time at which maximum senun drug concentration oceurs
t12 - elimination half-life, caleulated by 0.693/ Koy

CL - apparent clearance

Similarly, the data presented in Table | of the product label does not represent a true n=16,
as stated in the title of the table. Careful consideration of the data presented in Appendix B of
Clinical Trial 34218 clearly demonstrates that certain data points were omitted, as outlined
extensively above. Specifically, data points were excluded for ENG on days 2 and 11; and for EE on
days 2, 9, 11 and 13. As these same data were used to calculate the serum concentrations reported
in Table |, it is clear that data were selectively withdrawn. In my opinion, there is no clear scientific
basis for the exclusion of these data.

Finally, Table Il is also an inaccurate representation of Clinical Trial data, in that it also does
not account for all data collected from all sixteen subjects. Whereas the ENG data are accurate and
appear to reflect all subjects, EE data are derived from an n=13. Careful examination and
comparison of the data in this table with all the data collected during the Clinical Trial suggest that
Subjects 0004, 0011 and 0015 were not included in the pharmacokinetic data presented in Table |
of the product label. Furthermore, neither Table | nor table il in the product label accounts for
“burst” release of EE. The significant variability in Tmax, is however, listed on the label. Tmax
values are reported as 59.26 h, with a standard deviation of 67.53 h. A standard deviation that is
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higher than the mean clearly demonstrates that Tmax, the time to reach a maximal serum
concentration of EE, was widely variable among study participants and reflect significant variability
in the secretion, absorption or metabolism of EE. The variability in reaching Tmax was over 8 days,
which is 1/3 of the time the ring is approved for use. This amount of variability seems unreasonable,
or at the very least, warrants further investigation.

The summary of the pharmacokinetic parameters for NuvaRing as presented on the product
label is incomplete, and significantly inconsistent with the actual data found in Clinical Trial 34218,
The exclusion of data points without sound scientific justification does not represent acceptable
method of handling of the available pharmacokinetic data. Thus, by inaccurately representing the
real data, the label misinforms healthcare professionals who might seek to prescribe this product to
their patients,

X. Variability in the EE absorption levels from the Ring

Clinical Trial 34218 is the only complete pharmacokinetic study performed with the actual
NuvaRing. Two other studies (34225 and 34226} assessed pharmacokinetic parameters peripherally
and these findings, although generally supportive of the main pharmacokinetic study, did not add
substantial new information. However, previous clinical trials performed with a silastic prototype
suggest a larger variation in hormone release can be expected in vaginal rings compared to oral
tablets. Examination of the data obtained on serum hormone concentrations reveals striking inter-
subject variability in EE profiles throughout the time of ring use. There are two apparent sources of
this variation, suggested by marked differences in the overall profile of serum hormone
concentration. The first source of variability is a “burst” effect observed in several subjects.
Although acknowledged in the narrative for the Clinical Trial for two of the subjects (0006 and 0011,
see Appendix 2 for the profiles for these two subjects), review of Tmax data for individual subjects
suggests that this burst effect may be present, perhaps to a lesser extent, in at least 4 other subjects
(0008, 0014, 0015 and 0016). For these 6 subjects Tmax was reached within 6-8 h of NuvaRing
insertion. For six other subjects (0001, 0002, 0004, 0007, 0009 and 0013) Tmax was reached 47-70 h
after insertion. Strikingly, Tmax was not reached in 2 patients (0005 and 0010) until more than 200
h after NuvaRing insertion.

This same “burst” effect was also observed in Clinical Trial 34237, which compared some
aspects of pharmacokinetics among the NuvaRing, a transdermal contraceptive and an oral
contraceptive. There is a significant difference in the serum levels of EE in the patch vs. ring groups,
which is interesting and suggests that vaginal absorption of the hormone is actually reduced
compared to transdermal absorption, even when consideration is given to the differences in
hormone content between the patch and ring. However, | don’t necessarily agree with the
conclusion in the associated publication from Clinical Trial 34237, that vaginal application results in a
more constant level. Within an individual subject there is less variation, although the “burst effect”
and midcycle spikes are also present in this study. However, there was more inter-subject variability
in the ring group. Coefficients of variation for AUCy.,, was 15.5% for patch, 23.8% for ring and 13.0
% for COC. Thus, while the amount of hormone that is delivered via the ring is clearly lower, the

17



inter-subject variability is nearly doubled compared to the oral contraceptive and increased by 50%
compared to the patch.

These dramatic differences in the serum profile for EE found in two different
pharmacokinetic studies suggest the possibility that secretion, absorption and/or metabolism of EE
changes in different women across the course of NuvaRing therapy. Significant variability in this
delivery method has been acknowledged by Dr. Sam, the expert biochemist from Organon. Dr. Sam
has testified that there is variability in serum EE levels among the subjects in the Clinical Trial.
However, as far as | am able to discern from the available studies, the source of this variability has
never been investigated. Because NuvaRing uses a novel delivery method for the administration of
hormonal contraceptive, it would seem plausible to expect that studies would have been conducted
that might explore how the vaginal environment might influence release of the hormone from the
carrier and/or absorption of hormone through the vaginal epithelium. It is acknowledged in Clinical
Trial 34218 that the absorption rate of both EE and ENG decrease across the course of exposure to
the NuvaRing. However, the cause of this change has never been explored.

It is my opinion, that the vaginal environment, particularly the content of vaginal secretion,
vaginal Ph and the cytology of the vaginal epithelium would definitely influence the absorption of
hormone. Vaginal Ph changes across the human lifespan. Prior to puberty vaginal Ph is elevated,
but as adult levels of estrogen are produced vaginal Ph drops; vaginal Ph again rises in
postmenopausal women. Normal adult vaginal Ph, in women with regular menstrual cycles ranges
from 3.5 to 4.5, but is inversely related to estrogen levels. That is, when estrogen is elevated, Ph is
lower. Therefore, it is readily apparent that vaginal Ph changes across the course of a normal
menstrual cycle. Moreover, vaginal Ph is significantly affected by changing levels of estrogen.
Adverse effects reported by users of vaginal rings include changes in discharge, increased
lacerations and ulceration of the vagina. Any of these events can significantly alter the local
environment within the vagina, including alteration of fluid volume and Ph. Thus, it stands to reason
that vaginal pH might be affected by the presence of the hormones released from the NuvaRing.
The pKa for EE is very high, and therefore will be more readily absorbed when the Ph of the vagina
becomes higher. The fact that Ph is decreased in the presence of increased estrogen, therefore,
suggests that an increased presence of EE within the vagina, which could lower Ph, could also then
decrease the absorption of EE. This provides a scientific explanation of the decreased absorption of
EE and ENG over the course of treatment as described in Clinical Trial 34218. Given the observed
increased variability in absorption of hormones from rings compared to oral tablets, it is prudent to
explore how vaginal Ph might affect absorption. Yet, the manufacturer did not perform any testing
along these lines in the time before, or since approval of the drug by the FDA. It would seem
extremely relevant to explore changes in vaginal Ph given what is known about the effects of Ph on
absorption of drugs in the Gl tract.

Finally, vaginal cytology may also affect absorption of hormone secreted from the NuvaRing.
Similar to the uterus, vaginal cytology changes over the course of the menstrual cycle. Under the
influence of estrogen, the vaginal wall thickens. It is further thickened progesterone so that it can,
when under the influence of progestin for an extended period, become a barrier to absorption.
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Long term use of the ring, could have profound effects on vaginal cytology. It is known, for example,
that changes in uterine cytology occur with contraceptive use and that re-establishment of proper
uterine cytology is the rate limiting factor in the return to fertility upon cessation of contraceptive
use. The cytology of the reproductive tract, to include the vagina, is profoundly affected by
synthetic estrogens and progestins such as those contained within the NuvaRing. However, changes
in vaginal thickness have not been reported for NuvaRing. Given that the vagina itself is a known
target for estrogens and progestins, and that these hormones have marked effects on the cytology
of this structure in ways that could influence absorption of hormone, it seems prudent that an
investigation of the influence of NuvaRing on vaginal cytology would be performed. However, the
manufacturers did not perform such study either prior to or subsequent to FDA approval.

XI. Effects of progestins as a counterbalance to the prothrombotic effects of estrogens

It is well established that synthetic estrogens used in contraceptive preparations, such as
the EE found in the Nuvaring, are prothrombotic, even when the doses are reduced, and especially
when the estrogens are unopposed by the presence of a progestin. Increasing estrogenicity is
associated with increased risk of venous thromboembolism (VTE). Although the major function of
the progestin component of a hormonal contraceptive is inhibition of the neuroendocrine axis and
ovulation, progestins also act to inhibit the prothrombotic effects of estrogen. It is clearly
established that 2" generation progestins are more effective than their 3" generation counterparts
in suppressing estrogenicity, thereby reducing the relative risk of VTE.

Recent studies have focused on the production of sex hormone binding globulin (SHBG) as a
marker of relative estrogenicity, and thus VTE risk, of contraceptive preparations. Oral intake of EE
alone results in a profound dose-dependent increase in SHBG. The concomitant presence of a
progestin with the estrogen results in varying degrees of SHBG decrease, dependent on the dose
and type of progestin, which can be expressed as differences in anti-estrogenic potency of various
progestins (18-24). Therefore, the estrogenicity of a given combined estrogen/progestin
contraceptive may be predicted by the effects on SHBG, which may be expressed as the sum of the
estrogenic effect of EE and the anti-estrogenic effect of the progestin. Collectively, the available
data also suggest that the timing of the presence of the progestin also contributes to the SHBG
levels, and thus estrogenicity. Monophasic preparations, where EE and the progestin are present
for the full 21 day period have decreased SHBG (estrogenicity) compared to bi-phasic and tri-phasic
preparations, where the estrogen is sometimes present unopposed.

A cross-over study where all participants completed 2 cycles with NuvaRing, the Otho Evra
Patch and Microgynon (an LNG containing oral contraceptive) indicated that NuvaRing use carried a
higher resistance to APC, as well as higher SHBG levels, compared to the LNG-containing oral
contraceptive. This study not only confirmed the clear association between individual changes in
APCr and SHBG levels during treatment, but also confirmed that NuvaRing had a higher pro-
thrombotic effect than a second generation oral contraceptive and the route of administration did
not reduce this risk. The study further confirmed the use of SHBG as a marker for thrombotic risk of
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all hormonal contraceptives. Finally, the study concluded that because of this increased risk of VTE,
doctors were advised not to prescribe NuvaRing as a first choice in contraceptive.

In my opinion, there is yet another parameter present in the pharmacokinetic data from
Clinical Trial 34218 that suggests the potential for increased estrogenicity in the NuvaRing. The
pharmacokinetic profile of serum concentrations of EE and ENG in the NuvaRing demonstrate
striking differences in Tmax, the time to reach the maximal concentration of hormone are vastly
different for EE and ENG. As concluded in Clinical Trial 34218, for Nuvaring, the Tmax for EE is 2-3
days, whereas the Tmax for ENG is 8-9 days. Thus, progestin levels rise much more slowly compared
to EE levels with NuvaRing use. Thus, the estrogenicity of the NuvaRing may actually not be
constant over the course of a single round of therapy. The counerbalicing effect of the progestin is
likely compromised until it reaches its peak 5 full days after the estrogen. These data suggest that
estrogenicity and therefore VTE risk may be elevated even further on days 4-8 of use. Importantly,
these differences in Tmax are not even considered by the manufacturer of the NuvaRing.

XIl. Steady state delivery of combination hormones is not better.

The developers of transvaginal and transdermal pharmaceutical products often use the
argument that these products will provide a better therapeutic approach because a more constant
steady state, “homeostatic” level, of the drug will allow for a decreased overall drug exposure
leading to fewer side-effects. Despite the wide-spread use of this theory, there is, in fact, little
scientific evidence to support this claim. Within human physiology, there are very few incidences
where systemic hormones exist in a constant steady state. Rather, the physiology of humans, as
well as most other organism that exist on this planet, is expressed as a function of time. Biological
events ranging from gene expression to human behavior, fluctuates with a near 24 h oscillation that
is described as circadian rhythms. Although long recognized as a function of life, the role of
circadian rhythms in health and disease, and in particular relevance to this report, in pharmacology,
is only beginning to be appreciated. Biological circadian rhythms contribute to the occurrence of
serious and life-threatening medical events, like myocardial infarction and stroke, and the
manifestation and severity of symptoms of chronic diseases, like allergic rhinitis, asthma, and
arthritis. Moreover, body rhythms can significantly affect responses of patients to diagnostic tests
and drugs. Rhythmicity in disease pathophysiology and a desire to control adverse effects in
medications where the therapeutic window is narrow of disease by administering drugs at the time
of day when they can be most effective provides a basis for considering chronobiology in the
development of drugs. For many drugs, the time of day of administration is very important. Recent
studies indicate that administration of theophylline for asthma, for example, is more effective when
the drug is given at night. Thus, steady state infusion of drugs, while commonly cited as better, may
not, in fact be based on a firm scientific foundation. Time of day can influence the responsiveness of
the human body to a drug. So why have the drug present when the body is not able. The idea of
steady state delivery of drugs is long overdue for a re-evaluation and should not be, by any
reasonable scientist, taken as a proven fact. Much more research is required before this blanket
statement can be blindly applied.
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X, Conclusion — NuvaRing carries a higher risk than second generation contraceptives;
there are safer alternatives.

After a thorough review of the available data, it is my opinion that the vaginal contraceptive,
NuvaRing, carries a higher risk for the development of serious adverse side effects, including VTE,
than other, more well-established contraceptives. The reasons for this conclusion are delineated
below.

1. NuvaRing is a 3" generation progestin, which carries a higher risk for the occurrence of
thromboembolic events. To my knowledge, the only available studies to indicate that
3" generation progestins are as safe as 2™ generation products were all performed by
the pharmaceutical company responsible for developing the product. Independent
studies indicate that the use of 3" generation progestins, in combination with an
estrogen, carry a 2-fold elevated risk for the occurrence of thromboembolic events. 3
generation progestins are characterized by their high affinity for progesterone receptor
and, importantly, their low androgenicity. Although developed to decrease untoward
side effects associated with the androgenicity of 2™ generation progestins, this lack of
androgenicity decrease the ability of these compounds to counterbalance the effects of
estrogens on production of clotting factors. A cross-over study where all participants
completed 2 cycles with NuvaRing, the Otho Evra Patch and Microgynon (an LNG
containing oral contraceptive) indicated that NuvaRing use carried a higher resistance to
APC, as well as higher SHBG levels, compared to the LNG-containing oral contraceptive.
This study not only confirmed the clear association between individual changes in APCr
and SHBG levels during treatment, but also confirmed that NuvaRing had a higher pro-
thrombotic effect than a second generation COC and the route of administration did not
reduce this risk. The study further confirmed the use of SHBG as a marker for
thrombotic risk of all hormonal contraceptives. Finally, the study concluded that
because of this increased risk of VTE, doctors were advised not to prescribe NuvaRing as
a first choice in contraceptive.

2. The variability in the delivered dose of EE demonstrated in Clinical Trial 34218 suggests
that further pharmacokinetic testing regarding EE profiles and its effects should have
been conducted. Given the fact that NuvaRing is a novel product and that delivery of
hormones vaginally causes increased variability, there was insufficient testing
performed. No studies were performed to determine the most effective dose of EE.
Studies were not performed to account for variability that could have been introduced
by inherent variability in the vaginal environment. Furthermore, Clinical study 85012,
performed on silastic forms of the device (not the actual NuvaRing) show less variability
and no apparent burst effect, although there were fewer data points collected,
suggesting that the carrier selected for the final NuvaRing product may contribute to
variability in delivery.

3. The “burst” effect observed in serum EE levels is a cause for concern. Elevated levels of
estrogen are known to increase risk of VTE. The data clearly demonstrate that a
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substantial subset of women using NuvaRing in the pharmacokinetic trials experienced
as rapid increase in serum EE on the first day of use. Furthermore, the Tmax for EE wes
2-3 days as reported in the Clinical Trial summary. In contrast, Tmax for ENG occurred 5
days later. In my opinion, this leaves a significant time frame where estrogen may be
unopposed by progestin, which could contribute to the development of VTE in certain
worcn. With long-term use, these women will experience 5 days cach month where
the incroased risk for VTE is present. At the very least, this “burst” cffect requives
further investigation.

4. Due to the variability of the PK parameters among the Clinical Trial subjects, NuvaRing is
more pro-thrombotic in certain women than an oral dose of the same progestin and
estrogen, and such variability is not explained or adequately tested in the Clinical Trials.

it is my opinion that the product label fails to provide accurate and complete data
concerning important data from clinical trials and the label is misicading to prescribing healthcare
professionals.

it is my opinion that NuvaRing was not tested and studied adequately — (1) There was no
attempt made to determine cause of the “burst effect” seen in Study 34218. Moreaver, such “burst
offect” was not seen in Study 85012 with the Silastic Ring, implying that the type of delivery systern
is rasponsible.

Addilional opinions are provided throughout the report as well. All of my opinions are

expressed within a rcasonable degree of scientific certainty. | reserve the right to supplement my
report with any additional materials that | may become aware of in the future.

Lo AT 1

/“ Shelley&nn Tischkau, Ph.D.
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APPENDIX 1
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APPENDIX 2
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APPENDIX 3

Subject 7

80 -
70 -
= 60 -
£ 50 |
240 -
& 3p
20 1
10 -
0 ———

== Subject 2

4 0 4 8 12 16 20 24 28
Days After NuvaRing Insertion

]

32 36

Subject 0010

=g===Subject 10

O T T H ¥ 1 ¥ T H H
4 8 12 16 20 24

Days After NuvaRing Insertion

1
ey
o

28 32 36

Serum EE profiles for 2 Subjects that experienced unexplained surges in EE

during NuvaRing use.

25




Appendix A
Materials Considered by Dr. Shelley Tischkau

In addition to the materials specifically referenced in my report, the other materials | have
considered are:
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Program. 2002. “Development of Single-Cell Microarray Technology”. $7,000 awarded to develop
technology to perform DNA microarray analysis from single mammalian neurons.

UIUC Research Board. “Endogenous Protection from Ischemic Brain Insult’. 2002-2003. $25,000
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NIH 1 RO1 ES017774-01, “Circadian Clock Disruption: A Mechanism for Dioxin-induced Metabolic
Syndrome” 2010-2014, SA Tischkau, Pl; 25% Commitment. -

SIU-CRC Excellence in Academic Medicine Award, “Mechanisms of Endogenous Neuroprotection in
the Suprachiasmatic Nucleus”, 2011, SA Tischkau, PI.

Pending Support

NSF, “Regulation of GnRH neurons by estradiol and the circadian clock”, Kuehl-Kovarik, C, Pi, SA
Tischkau, Co-1, 10% commitment

L __________________ ___ . ___ __________ __ ________ __ ___ ]
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NSF, “Characterization of a native alpha7-containing nicotinic acetylcholine receptor in the
hypothalamus”, Uteshev, V, PI, SA Tischkau, Co-Investigator, 10% commitment

NIH R01 ES021371 “Diet and Environmental Toxicants Interact in Development of Metabolic
Syndrome”, SA Tischkau, Pl, 20% commitment.

EXTRACURRICULAR ACTIVITIES:

Volleyball Coach — Head Coach, Blue Lightning Volleyball Club, 2007-present
Member - United States Tennis Association, 1989-present

USTA League Team Tennis, 1990-present

Urbana Open Tennis Champion, 1995, 1997, 2000

Assistant Volleyball Coach, Parkland College, 1992-1995

Volleyball instructor, Parkland College, 1992-1996

PrimeTime Volleyball Club Coach, 1996-1999

TSU Women’s Softball, 1984-1986

TSU Intercollegiate Volleyball Team 1982-1986

Champaign-Urbana Park District Softball, 1990-2002

COMMUNITY SERVICE:

Volunteer Coach, High School Winter Volleyball Program (2005-present)

Tournament Director, Lincolnwood High School Winter Volleyball (2007-present)

Volunteer, USTA Challenger Tennis Tournament (1999-present)

lllinois State Science Fair Judge (1995, 1997, 1999)

Brain Awareness Week volunteer (1997-2007; 2011)

Volleyball Coach, Holy Cross School, Champaign, IL (1995-1996)

Neuroscience Workshop for High School Health Students, Urbana High School (2002-2007)
llinois State Science Fair Coordinator (2010-present)

PUBLICATIONS:
Book Chapters:

Jackson JA, SA Tischkau, P Zhang, Y Yoshimura and JM Bahr. 1993. Involvement of plasminogen
activator and collagenase and changes in extracellular during the proliferative and ovulatory phases in
the chicken ovary. In: Proceedings of the V International Symposium on Avian Endocrinology. PJ
Sharp (ed) pp 309-319.

Bahr JM, H-C Yao, K Volentine, S Tischkau, L Robinson, and Y Yoshimura. 1997. Regulation of
ovarian functions by the germinal disc region in the chicken. In: Advances in Comparative
Endocrinology. S Kawashima and S Kikuyama (eds) pp 1451-1456.

E__________________________ . . ___________ ________ ]
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Tischkau SA. 2011. AhR and the Circadian Clock. In: The Aryl Hydrocarbon Receptor in Biology and
Toxicology, R. Pohjanrihva, ed, In press.

Reviews:

Gillette MU and SA Tischkau. 1999. Cellular and biochemical mechanisms underlying circadian
rhythmicity. Recent Progress in Hormone Research 5:33-59. PMID: 10548871.

Tischkau SA, and MU Gillette. 2005. Oligonucleotide methods for analyzing the circadian clock in the
suprachiasmatic nucleus. Methods in Enzymology 393:591-607. PMID: 15817314.

Tischkau SA. 2009. Circadian Cycle. Encyclopedic Review of Neuroscience. Springer-Verlag,
Marc Binder, editor. Vol.1 p. 251.

Tischkau SA. 2009. Clock. Encyclopedic Review of Neuroscience. Springer-Verlag, Marc Binder,
editor. Vol.1 p. 350.

Karmarkar S, KM Bottum and SA Tischkau. 2010. Considerations for the use of anesthetics in
neurotoxicity studies. Comp. Med. 60(4):256-62. PMID: 20819374.

Journal Articles:

Tischkau SA and VD Ramirez. 1993. A specific membrane binding protein for progesterone in the rat
brain: sex differences and induction by estrogen. Proc Natl Acad Sci 90:1285-1289. PMID:
8433988.

Jackson JA, SA Tischkau, P Zhang and JM Bahr. 1994. Plasminogen activator production by the
granulosa layer is stimulated by factors produced by the theca layer and inhibited by the LH surge in
the chicken. Biol Reprod 50:812-819. PMID: 8199262.

Yoshimura Y, SA Tischkau and JM Bahr. 1994. Destruction of the germinal disc region of an
immature preovulatory follicle suppresses follicular maturation and ovulation. Biol Reprod 51:229-
233. PMID: 7948477.

Tischkau SA and JM Bahr. 1996. Avian germinal disc region secretes factors that stimulate
proliferation and inhibit progesterone production by avian granulosa cells. Biol Reprod 54:865-870.
PMID: 8924507.

Tischkau SA, JA Jackson, AC Finnigan-Bunick and JM Bahr. 1996. Granulosa layer: Primary site of
regulation of plasminogen activator mRNA by LH-in the avian ovary. Biol Reprod 55:75-79. PMID:
8793061. ‘ ,

Tischkau SA, LR Neitzel, JA Walsh and JM Bahr. 1997. Characteristics of the growth center of the
avian preovulatory follicle. Biol Reprod 56:469-474. PMID: 9116148.
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Ding, JM, GF Buchanan, SA Tischkau, D Chen, L Kuriashkina, LE Faiman, JM Alster, PS McPherson,
KP Campbell and MU Gillette. 1998. A neuronal ryanodine receptor mediates light-induced phase
delays of a circadian clock. Nature 394:381-384. PMID: 9690474.

Tischkau SA', JA. Barnes', F-J Lin, E Myers, JW. Barnes, E Meyer-Bernstein, WJ Hurst, PW
Burgoon, D Chen, A Sehgal and MU. Gillette. 1999. Oscillation and light induction of mtimeless
mRNA in the mammalian circadian clock. J. Neurosci RC15:1-6. 'equal contribution by these
authors. PMID: 10366653.

Tischkau SA, EA Gallman, GF Buchanan and MU Gillette. 2000. Differential cAMP gating of
glutamatergic signaling regulates long-term state changes in the suprachiasmatic circadian clock. J.
Neurosci. 20:7830-7837. PMID: 11027248.

Tischkau SA, JW Mitchell, S-H Tyan, GF Buchanan and MU Gillette. 2003. CREB-dependent
activation of Per1 is required for light-induced signaling in the SCN circadian clock. J. Biol. Chem.
278:718-723. PMID: 12409294,

Tischkau SA, ET Weber, SM Abbott, JW Mitchell, and MU Gillette. 2003. Circadian Clock-Controlled
Regulation of cGMP/Protein Kinase G in the Nocturnal Domain. J. Neurosci. 23:7543-7550. PMID:
12930792.

Barnes JW', SA Tischkau', JA Barnes', JW Mitchell, PW Burgoon, JR Hickok, and MU Gillette. 2003.
Mammalian Timeless is Required for Circadian Rhythmicity. Science 203:439-441. "equal
contribution by these authors. PMID: 14564007

Tischkau SA, JW Mitchell, LA Pace, JW Barnes, JA. Barnes and MU Gillette. 2004. Protein kinase G
type Il is required for night-to-day progression of the mammalian circadian clock. Neuron 43:539-549.
PMID: 15312652.

Karman, BN and SA Tischkau. 2006. Circadian clock gene expression in the ovary: effects of
luteinizing hormone. Biol Reprod. 75:624-632. PMID: 16807384

Mukai M and SA Tischkau. 2007. Effects of tryptophan photoproducts in the circadian timing system:
searching for a physiological role for aryl hydrocarbon receptor. Tox Sci. 95:172-81. PMID:
17020875

Cariboni A, Hickok J, Rakic S, Andrews W, Maggi R, Tischkau SA and JG Parnavelas. 2007.
Neuropilins and Their Ligands Are Important in the Migration of Gonadotropin-Releasing Hormone
Neurons. J. Neurosci. 27(9):2387-2395. PMID: 17329436

Tischkau SA, JA Cohen, JT Stark, KM Bottum and DR Gross. 2007. Time-of-day affects expression of
hippocampal markers for ischemic damage induced by global ischemia. Exp Neurol. 208:314-322.
PMID: 17936274 ‘

Mukai M, T-M Lin, RE Peterson, PS Cooke and SA Tischkau. 2008. Behavioral rhythmicity of mice
lacking AhR and attenuation of light-induced phase shift by 2,3,7,8-tetracholordibenzo-p-dioxin. J Biol
Rhythm. 23:200-210. PMID: 18487412

M
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Tischkau SA, M Mukai. 2009. Activation of aryl hydrocarbon receptor signaling by cotton balls used for
environmental enrichment. JAALAS. 48(4):357-362. PMID: 19653942

Hickok JR and SA Tischkau. 2010. Regulation of Circadian Clock Genes in Gonadotropin Releasing
Hormone Neuronal Popuiations. Neuroendocrinology. 91(1):110-20. PMID: 19786732

Bottum K, E Poon, B Haley, S Karmarkar and SA Tischkau. 2010. Suprachiasmatic nucleus neurons
display endogenous resistance to excitotoxicity. Exp Biol Med. 235(2):237-46. PMID: 20404040

Xu, CX, SL Krager, DF Liao and SA Tischkau. 2010. Disruption of clock/bmal1 transcriptional activity
is responsible for aryl hydrocarbon receptor-mediated regulation of the period1 gene. Tox Sci.
115(1):98-108. PMID: 20106950

Tischkau SA, RA Howell, JR Hickok, SL Krager and JM Bahr. 2011. The luteinizing hormone surge
regulates circadian clock gene expression in the chicken ovary. Chronobiol. Int. 28(1):10-20. PMID:
21182400.

Tischkau SA, CD Jaeger and SL Krager. 2011. Circadian clock disruption in the mouse ovary in
response to 2,3,7,8-tetrachlorodibenzo-p-dioxin. Toxicol. Lett. 201:116-122. PMID: 21182907

Karmarkar SW, SL Krager, KM Bottum and SA Tischkau. 2011. ERK/MAPK as a neuroprotective
agent in suprachiasmatic nucleus neurons. PLoS One (Accepted with revisions).

Wang C, CX Xu, SL Krager, KM Bottum, DF Liao and SA Tischkau. 2011. Aryl hydrocarbon receptor
deficiency enhances insulin sensitivity and regulates PPAR-a pathway in mice. Environmental Health
Perspectives (in revision).

Xu CX, DF Liao and SA Tischkau. 2011. Aryl Hydrocarbon Receptor Activation Represses Light-
Induced Phase Resetting of the Circadian Clock through Inhibition CRE-Element Activity on the Per1
Promoter. (In preparation for submission to Journal of Biological Chemistry).

Krager SL, SW Karmarkar, KM Bottum and SA Tischkau. 2011. Caspase activation after excitotoxic
insult in suprachiasmatic nucleus neurons. (In preparation for submission to Brain Research).

Tischkau SA, RA Trammell and LA Toth. 2011. Impact of sleep disruption on clock gene expression,
cellular stress and inflammation in lung. (In preparation for submission to PLoS One).

Invited Presentations:

Tischkau SA. 1996. Physiology of the Germinal Disc Region of Preovulatory Follicles in the Chicken
Ovary. Department of Molecular and Integrative Physiology Seminar Series, University of lllinois at
Urbana-Champaign.

Tischkau SA, AM Fox, LE Faiman and MU Gillette. 1997. A circadian clock control point in the late
night: Regulation by protein kinase G. 1% Annual Sleep and Circadian Rhythms DataBlitz. Annual
Meeting of the Society for Neuroscience. New Orleans, LA.

. . . . .. . . __ _ ____ ________________________________________ _________
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Tischkau SA and MU Gillette. 1998. Winding the Circadian Clock: a Timeless Tale of Kinase
Regulation? Department of Molecular and Integrative Physiology Annual Retreat, University of lllinois
at Urbana-Champaign. \

Tischkau SA. 2000. Cellular Mechanisms for Glutamatergic Regulation of the Suprachiasmatic
Nucleus. Symposium on Cellular Mechanisms in the SCN. Annual Meeting of the Society for
Research on Biological Rhythms. Amelia Island, FL.

Tischkau SA. 2000. Glutamatergic Regulation of Molecular Circadian Timekeeping. Neuroscience
Program. University of lllinois.

Tischkau SA. 2001. Signaling Components in Glutamatergic Regulation of the Molecular Circadian
Clockworks. Department of Biology, Grand Valley State University.

Tischkau SA. 2001. lonic Regulation of Neuronal Cell Membrane Potential. Department of Biology,
Grand Valley State University.

Tischkau SA. 2001. Protein Kinase G: Ciritical Signaling Component in the Biological Clock.
Department of Biology, Florida State University.

Tischkau SA. 2001. Critical Signaling Components in Regulation of the Circadian Clock. Department
of Physiology, Southern lllinois University School of Medicine.

Tischkau SA. Protein Kinase G: A Critical Signaling Component in Glutamatergic Regulation of the
Molecular Circadian Clockworks. Department of Veterinary Biosciences, University of lllinois at
Urbana-Champaign.

Tischkau SA. 2003. Protein Kinase G Signals State Change: Critical Regulation of Glutamatergic
Signaling in the Circadian Clock. Department of Pharmacology, University of Virginia.

Tischkau SA. 2003. Glutamate Regulates Circadian Timing through Protein Kinase G. Department of
Biology, University of lllinois at Springfield.

Tischkau SA. 2003. Circadian Clock Genes in the Female Reproductive System. Bi-annual State of
lllinois Reproductive Biology Retreat. University of lllinois.

Tischkau, SA. Reproductive Rhythms. 2003. ACCA Biology Seminar: Biorhythms. Benedictine
University, Lisle, IL.

Tischkau SA and BN Klementiev. 2004. Keeping time in the rat ovary: Expression of circadian clock
genes. Society for the Study of Reproduction. Baltimore, MD.

Tischkau SA. 2004. The tick-tock of the ovarian clock. Bi-annual State of lllinois Reproductive
Biology Retreat. University of lllinois.

CR Zimmerman and SA Tischkau. 2005. Expression of circadian clock genes in gonadotropin-
releasing hormone neurons. Society for the Study of Reproduction. Cincinnati, OH.

Tischkau SA. 2005. Emergence of Avian Vacuolar Myelinopathy in Wild Birds. Wildlife Rounds.
University of lllinois College of Veterinary Medicine.
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Tischkau SA. 2005. Shedding Light on Biological Timing: Establishing a Circadian Link to
Reproduction. Reproductive Biology Training Program. University of lllinois at Urbana-Champaign.

Tischkau SA. 2005. Nocturnal Checkpoint Regulation of the Mammalian Circadian Clock by Protein
Kinase G. 2005 Gordon Conference on Chronobiology. Salve Regina University. Newport, Rhode
Island.

Tischkau SA. 2006. Protein Kinase G: The Next Circadian Clock Gene? Systems and Integrative
Biology Training Grant, School of Molecular and Cellular Biology. University of lllinois at Urbana-
Champaign.

Tischkau SA. 2006. The Chronobiology of Fertility: the Brain, the Ovary and the Environment.
Department of Biology, University of lllinois at Springfield.

Tischkau, SA. 2006. The Chronobiology of Fertility: the Brain, the Ovary and the Environment.
Department of Pharmacology, Southern lllinois University School of Medicine.

Tischkau, SA. 2007. Circadian Clock Control of the Hypothalamic-Pituitary-Gonadal Axis.
Interdisciplinary Neuroscience Program Seminar Series, University of Missouri at Columbia.

Tischkau SA. 2007. Mechanisms of Circadian Rhythmicity: Light, Clock Genes and Physiological
Targets. Biology Program Seminar Series. Truman State University.

Tischkau, SA. 2007. Issues in Reproductive Pharmacology. Department of Chemistry, University of
lllinois at Springfield.

Tischkau, SA. 2008. Circadian Regulation of Neuroendocrine Targets: Role of Aryl Hydrocarbon
Receptor, Neuroscience Research Institute Seminar Series, Indiana University School of Medicine.

Tischkau SA. 2008. Protein Kinase G Regulation of Glutamatergic Signaling in the Circadian
Clockworks. Department of Biology, Rutgers University.

Tischkau, SA, BN Karman, SL Krager and C Xu. 2008. Aryl Hydrocarbon Regulation of Circadian
Rhythms. Bienniel Meeting of the Society for Biological Rhythms. Sandestin, FL.

Tischkau, SA, BN Karman, M Mukai, SL Krager and C Xu. 2008. Regulation of Per1 by aryl
hydrocarbon receptor expression in the ovary. Annual Meeting of the Society for the Study of
Reproduction. Kona, HI.

Tischkau SA. 2009. Glutamatergic Signaling in the Suprachiasmatic Nucleus. Department of
Biomedical Sciences, lowa State University.

SA Tischkau. 2009. Aryl Hydrocarbon Receptor Activation by Tryptophan Photoproducts Alters
Circadian Light Responses. International Congress on Photobiology. Dusseldorf, Germany

SA Tischkau. 2009. Aryl Hydrocarbon Receptor Activation Alters Light Responsiveness of the
Circadian Clock. Midwest Symposium on Advances in Chronobiology. Northwestern University.
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SA Tischkau. 2010. Interactions of Aryl Hydrocarbon Receptor with the Molecular Circadian
Clockworks. Department of Medical Microbiology, Immunology and Cell Biology. Southern lllinois
University School of Medicine. Springfield, IL.

SA Tischkau. 2011. Aryl hydrocarbon receptor activation increases insulin resistance through a
circadian clock-dependent mechanism. Department of Physiology, UCLA School of Medicine.

ABSTRACTS

Tischkau SA, S Veatch and GJ Schulte. 1989. Evidence for a carrier-mediated transport mechanism
for L-arginine and L-leucine in the intestine of the Pacific Hagfish. Trans MO Acad Sci 23:81.

Tischkau SA and VD Ramirez. 1991. Binding of progesterone to hypothalamic and corpus striatum
cell membranes using progesterone conjugated to bovine serum albumin as a ligand shows sexual
specificity in the rat. The Endocrine Society 73™ Annual Meeting. Washington DC.

Tischkau SA, GS Panjwahi, JW Wright and VD Ramirez. 1991. Progesterone stimulates
phosphatidylinositol metabolism in specific CNS structures of the female rat. Society for
Neuroscience Annual Meeting. New Orleans, LA.

Yoshimura Y, SA Tischkau, and JM Bahr. 1992. The role of the germinal disc region in follicular
maturation and ovulation. 1X Ovarian Workshop. Chapel Hill, NC.

Tischkau SA, JA Jackson and JM Bahr. 1992. Urokinase type plasminogen activator production by
the germinal disc region of the hen changes with follicular maturation and exposure to LH. X Ovarian
Workshop. Chapel Hill, NC.

Jackson JA, SA Tischkau and JM Bahr. 1992. LH regulation of plasminogen activator production by
granulosa and theca layers of the chicken follicle. 1X Ovarian Workshop. Chapel Hill, NC.

Tischkau SA, JA Jackson and JM Bahr. 1992. LH regulation of plasminogen activator mMRNA in the
granulosa layer of the avian ovary. Northwestern University Minisymposium on Reproductive
Biology.

Tischkau SA and JM Bahr. 1993. The germinal disc region directs proliferation and differentiation in
developing avian ovarian follicles. Northwestern University Minisymposium on Reproductive
Biology.

Jackson JA and SA Tischkau. 1993. Theca layer stimulates plasminogen activator production by the
germinal disc region and peripheral granulosa layer and is not affected by LH in the chicken. Annual
Meeting of the Society for the Study of Reproduction. Fort Collins, CO.

Tischkau SA, JA Jackson, C Finnigan-Bunick and JM Bahr. 1994. Granulosa layer: key site of
transcriptional regulation of plasminogen activator by LH in avian preovulatory follicles. X Ovarian
Workshop. Ann Arbor, M.

- ____ ______________ ______ . |
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Tischkau SA, JA Jackson, MS Bron, LR Talbert and JM Bahr. 1994. Proteins factors produced by the
germinal disc region promote proliferation and inhibit progesterone production by granulosa celis in
avian preovulatory follicles. Annual Meeting of the Society for the Study of Reproduction. Ann
Arbor, MI.

Tischkau SA, JA Jackson, MS Bron, LR Talbert and JM Bahr. 1994. Germinal disc region-derived
proteins promote proliferation and inhibit progesterone production by avian granulosa cells.
Northwestern University Minisymposium on Reproductive Biology.

Tischkau SA, AM Fox, LE Faiman and MU Gillette. 1997. A circadian clock control point in the late
night. Regulation by protein kinase G. Annual Meeting of the Society for Neuroscience. New
Orleans, LA. NOTE: selected for presentation at the 1st Annual Sleep and Circadian Rhythms DataBlitz.

Kuriashkina LR, JM Ding, SA Tischkau, and MU Gillette. 1997. Expression of M1 muscarinic
cholinergic receptors in the rat suprachiasmatic nucleus. Annual meeting of the Society for
Neuroscience. New Orleans, LA

Ding JM, GF Buchanan, SA Tischkau and MU Gillette. 1997. Ryanodine receptors mediate
glutamate induced phase delays of circadian rhythms in rat SCN. Annual Meeting of the Society for
Neuroscience. New Orleans, LA.

Tischkau SA and MU Gillette. 1998. Protein kinase G regulation of a circadian clock control point:
rapid phase resetting. Annual Meeting of the Society for Neuroscience. Los Angeles, CA.

Tischkau SA, JA Barnes, F-J Lin, E Myers, JW Barnes, E Meyer-Bernstein, WJ Hurst, PW Burgoon, D
Chen, A Sehgal and Martha U. Gillette. 1999. Oscillation and light induction of mtimeless mRNA in
the mammalian circadian clock. Annual Meeting of the Society for Neuroscience. Miami Beach,
FL.

Gillette MU, D Chen, G Buchanan, J Ding, J Hannibal and S Tischkau. 2000. A code of for light:
nocturnal glutamate-PACAP interactions regulate shift amplitude of the suprachiasmatic circadian
clock. Annual Meeting of the Society for Research on Biological Rhythms. Amelia Island, FL.

Tischkau SA, EA Gallman, GF Buchanan and MU Gillette. 2000. Activation of protein kinase A: a
cellular mechanism for nocturnal glutamate-PACAP interactions in the SCN. Annual Meeting of the
Society for Research on Biological Rhythms. Amelia Island, FL.

Tischkau SA and MU Gillette. 2000. Protein kinase G-mediated elevation of mPer1 is required for
nocturnal glutamatergic circadian clock phase advance: a signal for light. Annual Meeting of the
Society for Neuroscience. New Orleans, LA.

Tischkau SA, JS Pendergast, JW Barnes, PW Burgoon and MU Gillette. 2001. Type Il protein kinase G
is required for circadian clock progression. Annual Meeting of the Society for Neuroscience. San
Diego, CA.

Barnes, JA, JW Barnes, SA Tischkau, PW Burgoon, JW Mitchell and MU Gillette. 2002. Mammalian
timeless is required for circadian rhythmicity. Annual Meeting of the Society for Neuroscience.
Ortando, FL . NOTE: selected for presentation at the 6" Annual Sleep and Circadian Rhythms DataBlitz.
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SA Tischkau, SM Abbott, JW Mitchell, JW Barnes, JA Barnes, and MU Gillette. 2002. Gated
expression of protein kinase G-type |l is required for progression of the mammalian circadian clock at
dawn. Annual Meeting of the Society for Neuroscience. Orlando, FL ‘

Mitchell JW, SA Tischkau, S-H Tyan, GF Buchanan, WJ Hurst and MU Gillette. 2002. Light/glutamate-
induced resetting of the SCN circadian clock requires activation of a CRE-mediated pathway. Annual
Meeting of the Society for Neuroscience. Orlando, FL

Barnes JW, SA Tischkau, JA Barnes, JW Mitchell, PW Burgoon, R Gillette and MU Gillette. 2002.
Overexpression and knockdown of protein kinase G-Il significantly alter expression of core elements in
the mammalian circadian clock. Annual Meeting of the Society for Neuroscience. Orlando, FL

Tischkau SA and BN Klementiev. 2002. Keeping time in the rat ovary: Expression of circadian clock
genes. Society for the Study of Reproduction. Baltimore, MD. Note: Selected for a platform
presentation.

Stark JT, SA Tischkau and DR Gross. 2003. Estrogen decreases apoptotic and total cell death
following cardiac arrest and resuscitation. Experimental Biology Annual Meeting. San Diego, CA.

BN Klementiev-and SA Tischkau. 2003. The Clock is Ticking in the Ovary: Circadian Clock
Components Oscillate in the Rat Ovary. Annual Meeting of the Society for the Study of
Reproduction. Cincinnati, OH.

BN Klementiev and SA Tischkau. 2003. The Clock is Ticking in the Ovary: Circadian Clock
Components Oscillate in the Rat Ovary. Annual Meeting of the Society for the Study of
Reproduction. Cincinnati, OH.

CR Zimmerman and SA Tischkau. 2003. Expression of circadian clock genes in gonadotropin-
releasing hormone neurons. 24" Annual Minisymposium on Reproductive Science. Northwestern
University, Evanston, IL.

Mitchell JW, SA Tischkau, S-H Tyan, LA Pace and MU Gillette. 2004. cGMP-dependent protein
kinase-Ip mediates glutamate signaling in the suprachiasmatic circadian clock. Bi-annual Meeting of
the Society for Biological Rhythms. Vancouver, BC.

Tischkau SA, JW Mitchell, JS Pendergast, LA Pace and MU Gillette. 2004. Protein kinase G- type-|
is required for night-to-day progression of the mammalian circadian clock. Bi-annual Meeting of the
Society for Biological Rhythms. Vancouver, BC.

Hickok JR, ME Layne, CR Zimmerman and SA Tischkau. 2004. Diurnal expression of clock genes in
native gonadotropin releasing hormone neurons. Bi-annual Meeting of the Society for Biological
Rhythms. Vancouver, BC.

Bottum KM, E Poon, M Comiskey, K Barry and SA Tischkau. 2004. The suprachiasmatic nucleus is
protected against glutamate neurotoxicity. Annual Meeting of the Society for Neuroscience. San
Diego, CA.
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Barnes JW, JA Barnes, SA Tischkau, JA Weyhenmeyer and MU Gillette. 2004. Light signals target
timeless protein through protein kinase G in the mammalian clockwork. Annual Meeting of the
Society for Neuroscience. San Diego, CA.

Hickok JR and SA Tischkau. 2004. Circadian clock regulation of gonadotropin releasing hormone
neurons: the neural network that drives reproduction. Understanding Complex Systems
Symposium. Department of Physics, University of lllinois at Urbana-Champaign.

Hickok JR and SA Tischkau. 2004. Transcriptional Profiles of GnRH Neurons: Implications of
Circadian Input into the hypothtalamic-pituitary-gonadal axis. 25" Annual Reproductive Biology
Minisymposium, Northwestern University. Note: J. Hickok received 1% place research award for
presentation.

Klementiev BK and SA Tischkau. 2004. Entraining the Ovarian Clock: LH regulates clock gene
expression in the rat ovary. 25" Annual Reproductive Biology Minisymposium, Northwestern
University.

Bottum KM, E Poon, M Comiskey and SA Tischkau. 2004. Endogenous neuroprotection in the
suprachiasmatic nucleus. Critical Care Conference. Cleveland, OH.

Cohen JA and SA Tischkau. 2004. Circadian variation in hippocampal damage incurred by global
ischemia insult. Colgate-Palmolive Student Symposium. University of lllinois at Urbana-
Champaign.

Hales LJ and SA Tischkau. 2004. Circadian expression of Period1 in the immortalized GT1-7 cell
line. Summer Research Opportunities Program Symposium. University of lllinois at Urbana-
Champaign.

Klementiev BK and SA Tischkau 2005. The ovulatory LH surge provides entrainment to the ovarian
clock. Annual Meeting of the Society for the Study of Reproduction. Quebec City, Quebec,
Canada.

Escutia, K, M Mukai and S. Tischkau. 2005. Induction of cyp7a? by Light and AhR in the Liver.
Summer Research opportunities Program Symposium. University of lllinois at Urbana-Champaign.

Hickok JR, J.W.Mitchell and SA Tischkau. 2005. Circadian regulation of GnRH neuronal gene
expression. Annual Meeting of the Society for Neuroscience. Washington, DC.

Poon, E, K Bottum and S. Tischkau. 2005. Endogenous Neuroprotection in the suprachiasmatic
Nucleus. CMB Symposium, University of lllinois at Urbana-Champaign.

Cohen, J, K. Bottum, J. Stark, D Gross and S Tischkau. 2005. Estrogen status is associated with
damage from global ischemia in hippocampal CA1 neurons. Biennial lllinois Reproductive Biology
Conference, Monticello, IL.

Hickok, J and S. Tischkau. 2005. What is a GnRH neuron, anyway? Reproductive Biology Mini-
symposium, Northwestern University.
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Hickok, J and S. Tischkau. 2005. Gene Expression Profiles in GnRH Neurons. Biennial lllinois
Reproductive Biology Conference, Monticello, IL.

Klementiev, BN, and S Tischkau. 2005. Circadian Clock/AhR Interaction in the Ovary: A Potential
Mechanism for TCDD-induced Toxicity. Biennial lllinois Reproductive Biology Conference,
Monticello, IL.

Mukai, M., Lin, TM., Peterson, RE., Cooke, PS., Tischkau, SA. 2005. Potential Role of Aryl
Hydrocarbon Receptor in Light Regulation of Circadian Rhythm, Biennial lllinois Reproductive
Biology Meeting, Monticello, IL.

Mukai, M., Lin, TM., Peterson, RE., Cooke, PS., Tischkau, SA. 2005. Potential Role of Aryl
Hydrocarbon Receptor in Light Regulation of Circadian Rhythm, Cell and Molecular Biology &
Molecular Biophysics 18" Research Symposium, Urbana, IL.

Escutia, K, M Mukai and S. Tischkau. 2005. AhR-Induced cypfa? Expression in Liver after Light
Exposure. Biotechnology Center Poster Competition. University of lllinois at Urbana-Champaign.
Note: K. Escutia recognized as finalist for excellence award for presentation.

Cruz-Torres, A, J Hickok and S Tischkau. 2005. Regulation of GnRH neurons by estrogen status.
Summer Research Opportunities Program Symposium. University of lllinois at Urbana-
Champaign.

Howell, R, J Bahr and S Tischkau. 2005. Clock Genes in the Avian Ovary. Biennial lllinois
Reproductive Biology Meeting, Monticello, IL.

Bottum KM, E Poon and SA Tischkau. 2005. Is the suprachiasmatic nucleus a valid model system for
neuroprotection? Annual Meeting of the Society for Neuroscience. Washington, DC.

Mukai M, T-M Lin, RE Peterson, PS Cooke and SA Tischkau. 2006. Circadian Expression of AhR
and its Signaling Targets and the Role of AhR in Circadian Rhythm. Biennial Meeting of the Society
for Research in Biological Rhythms. Sandestin, FL.

Mukai M and SA Tischkau. 2006. Role of AhR in circadian rhythms: Effects of 2,3,8,8-
tetrachlorodibenzo-p-dioxin (TCDD). Gordon Conference on Environmental Endocrine Disruptors,
Il Ciocco, Lucca (Barga), Italy.

Mukai, M and SA Tischkau. 2006. Adverse effect of dioxins on the biological clock. Phi Zeta
Research Symposium, University of lllinois at Urbana-Champaign. April 15, 2006. Note: M.
Mukai received 1% place award for presentation.

Howell RE, JM Bahr and SA Tischkau. 2006. Characterization of the Avian Circadian System using
cBmal1, cCry1, cPer2 and the Effect of Luteinizing Hormone. Annual Meeting of the Society for the
Study of Reproduction. Omaha, Nebraska.

Silva-Melendez, P and SA Tischkau. 2006. Circadian Clock gene expression in gonadotropin
releasing hormone neurons. Summer Research Opportunities Program. University of lllinois at
Urbana-Champaign.
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Bottum KM, E Poon, J Cohen, J Stark, D Gross and SA Tischkau. 2006. Suprachiasmatic nucleus
(SCN) neuroprotection is associated with stability in caspase and calcium buffering protein levels
_ following neurotoxic insult. Annual Meeting of the Society for Neuroscience. Atlanta, GA.

Cohen JA, JT Stark, KM Bottum, DR Gross, SA Tischkau. 2007. The Hippocampus Shows Circadian
Variation in Susceptibility to Global Ischemia. International Stroke Conference. San Francisco, CA.

SA Tischkau, BN Karman, SL Krager and C Xu. Aryl Hydrocarbon Regulation of Circadian Rhythms.
2008. Semi-annual Neuroscience Retreat, Southern lllinois Chapter of the Society for
Neuroscience.

Bottum KM, R Trammell, J Lipcammon, A Annamalai, G Costin, S Tischkau and D Resch. 2008.
Serum brain derived neurotrophic factor is not a good biomarker of depression. Society for
Neuroscience Annual Meeting, Washington, DC.

Tischkau S, J Cohen, J Stark, K Bottum and D Gross. 2008. Estrogen status is associated with
damage from global ischemia in hippocampal CA1 neurons. Society for Neuroscience Annual
Meeting, Washington, DC.

Karmarkar SW, KM Bottum, SA Tischkau. 2009. Diurnal variation in NMDA receptor subunits and
pro-survival factors in the hippocampus. Society for Neuroscience Annual Meeting, Chicago, IL.

Xu CX, SL Krager, SA Tischkau. 2009. Disruption of CLOCK/BMAL1 transcriptional activity is
responsible for aryl hydrocarbon receptor-mediated regulation of the Period1 gene. Society for
Neuroscience Annual Meeting, Chicago, IL.

Karmarkar SW, KM Bottum and SA Tischkau. 2009. Diurnal variation in NMDA receptor subunits and
pro-survival factors in the hippocampus. University of lllinois at Springfield. 9" Annual Research
Symposium. Note: SW Karmarkar won 2" place in the oral presentation category for this work.

Karmarkar SW, KM Bottum and SA Tischkau. 2009. Diurnal variation in NMDA receptor subunits and
pro-survival factors in the hippocampus. Southern lllinois University School of Medicine. 20"
Annual Research Symposium.

Karmarkar SW,-SL Krager, KM Bottum, SA Tischkau. 2010. Mechanisms of Neuroprotection in the
Suprachiasmatic Nucleus. Society for Neuroscience Annual Meeting. San Diego, CA.

Karmarkar SW, SL Krager, JA Cohen, JT Stark, SA Tischkau and KM Bottum. 2011. Caspase
activation and MAPK pathways are important in endogenous neuroprotection in suprachiasmatic
nucleus neurons. Annual Meeting of the American Stroke Association. Los Angeles, CA.

Karmarkar SW, SL Krager, KM Bottum and SA Tischkau. 2011. Mechanisms of neuroprotection in
the SCN2.2 neurons. University of lllinois at Springfield. 11" Annual Research Symposium.
Note: SW Karmarkar won 1% place in the oral presentation category for this work.

Karmarkar SW, SL Krager, KM Bottum and SA Tischkau. 2011. Mechanisms of neuroprotection in
the SCN2.2 neurons. Southern lllinois University School of Medicine. 22" Annual Research
Symposium. Note: SW Karmarkar won 1% place in the oral presentation category for this work.
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Fee Schedule and Prior Testimony
Dr. Shelley Tischkau

Fee Schedule
Hourly: $300.00

Prior Testimony
Dr. Tischkau has not been previously deposed or given prior testimony.



	08-01-11 Tischkau Report - FINAL with signature.pdf
	Appendix A
	Tischkau CV
	Fee Schedule & Prior Testimony

