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Introduction: PFNA

PFNA (and its salts) is a perfluorinated organic compound with surfactant
properties.

Is a per- and polyfluoroalkyl substance (PFAS).
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Uses, Occurrence, and Exposure

Commonly used to make products resistant to stains, grease, soil, and water.

Used as processing aids in fluoropolymer manufacture, e.g., ammonium PFNA comprises
approximately 74% of the processing aid Surflon S-111.

Used in cosmetic products. PFNA has been detected in creams, concealers, foundations, and body

lotions.

Production:
 PFNA (1975 to 2004) =800- 2300 tons

Emissions:
 PFNA and ammonium PFNA (1975 to 2014) =70 - 1400 tons



Uses, Occurrence, and Exposure (continued)

* PFNA is a pollutant of air, water, soil, and wildlife, and persistent in the environment.

* Detection frequency in Biomonitoring California studies (2010—-2019):
* PFNA: 92% - 100%



Literature search and screening

* OEHHA conducted literature searches on the developmental and reproductive toxicity of PFNA
and its salts.

* OEHHA used the HAWC (Health Assessment Workspace Collaborative) as a tool for multi-level
screening of literature search results.

* Focused on literature relevant to male reproductive toxicity. These citations underwent Level 2
(full text) screening.
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Pharmacokinetics of PFNA

3.1 years

Absorption Estimated half-life “
* PFNA is well absorbed.
Humans
Distribution in humans
« PFNA: brain and kidney >>>> lung and liver Rodents

* PFNA has been detected in semen, cord serum,
fetal tissues, and breast milk.

Metabolism

* PFNA is not known to be metabolized in animals or humans.

Excretion

* Urine, feces, nails and hair

30-55 days
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PFNA and Its Salts
Animal Studies



Outcomes Generally Assessed in Animal Studies b\ é
for Male Reproductive Toxicity

Organ Weights & Histopathology Absolute organ weights; characterization and incidence of
pathological changes in testis and other reproductive organs

Sperm Production and Quality Testicular spermatid head count; semen or epididymal sperm
number, concentration, viability, motility, morphology, DNA
integrity, fertilization capacity

Hormonal Evaluation Serum or testicular levels, biochemical and/or molecular
evaluation of production/function (T, DHT, FSH, LH, MIS/AMH,
etc.)

Reproductive Performance Mating index, litter size, live pup numbers, survival rate

Development Developmental landmarks (AGD, nipple retention, preputial

separation), evaluation of testis and accessory glands



Reference

Feng et al. 2009

Animal Studies on PFNA (]

Animals, Age at

start of experiment

SD rats, 8-wks-old

No. of animals
per group
6

Treatment
(Oral Dosing, mg/kg-day)

0, 1, 3, or 5 for 14 days

Feng et al. 2010 SD rats, 8-wks-old 6 0, 1,3, or5for 14 days

Hadrup et al. 2016 Wistar rats, 7-wks-old 8-10 0, 0.125, 0.25, or 5.0 for 14 days

NTP 2019 SD rats, 10-wks-old 10 0, 0.625, 1.25, 2.5, 5.0 or 10.0 for 28 days

Singh & Singh 2019a Parkes mice, 25-days-old 14 0, 0.2 or 0.5 for 90 days

Singh & Singh 2019b Parkes mice, 25-days-old 10 0, 2or 5 for 14 days

Singh & Singh 2019c Parkes mice, 25-days-old 10 0, 2or 5 for 14 days

Singh & Singh 2019d Parkes mice, pregnant 10 0, 2 or 5, gestationalday (GD) 12 - birth.

Das et al. 2015 CD-1 mice, pregnant 8-10 0,1,3,50r10,GD 1-17

Zhang et al. 2016 Zebrafish, 5-months-old 30 0, 0.01, 0.1 or 1.0 (mg/L for 180 days via tank water)



Effects on Reproductive Organ Weights

Rats

NTP 2019:9-11 weeks old SD rats; 28-day oral dosing

> Epididymis weight: \ dose-dependently; 7.2% (p<0.05), 13.2% (p<0.01), and 34.6%
(p<0.01) at 0.625, 1.25 and 2.5 mg/kg-day, respectively

> Testis weight: ¥ 7% (p<0.05) and 20% (p<0.01) at 1.25 and 2.5 mg/kg-day, respectively

Feng et al. 2009 & 2010; Hadrup et al. 2016: no data on organ weights



Effects on Reproductive Organ Weights
(continued)

Mice

* Singh & Singh 2019a: 25-days-old; 90-day oral dosing (assessed at 105 days of age)
» Testis weight (n = 7/group): 8% reduction at 0.5 mg/kg-day; not statistically significant (NS)

* Singh & Singh 2019b: 25-days-old; 14-day oral dosing (assessed at 39 days of age)
» Testis weight (n =5/group): 14% and 20% reduction at 2.0 and 5.0 mg/kg-day, respectively; NS

Large inter-animal variation of testis weight at pubertal age requires large group size



Histopathology: Rats

= NTP 2019: M Incidences of germ cell degeneration, interstitial cell atrophy, spermatid
retention and epididymal lesions at >2.5 mg/kg-day for 28 days (p< 0.01)
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Histopathology (Continued)

Rats (pubertal)

Fengetal. 2009:
» Germ cell degeneration and sloughing of seminiferous epithelium at 5 mg/kg-dayfor 14 days

» N Apoptosis of spermatocytes and spermatogonia at 23 mg/kg-dayfor 14 days (p<0.01)

Fengetal. 2010:
» N Vacuoles between Sertoli cells at >3 mg/kg-day for 14 days
» /N Cytoplasmic vacuolizationin Sertoli cells at 5 mg/kg-dayfor 14 days

Mice (pubertal or adult)

Germ cell degeneration at 0.5 mg/kg-dayfor 90 days (p<0.05) (Singh & Singh 2019a)

Germ cell degeneration at 22 mg/kg-day for 14 days (p<0.05) (Singh & Singh 2019b)
Changes in germ cell population sizes at 5 mg/kg-day for 14 days (p<0.05) (Singh & Singh 2019c¢)
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Effects on Sperm Parameters b\ é

Rats: NTP 2019, 10-wks-old, 28-day oral dosing

Doses m/kg day o loes i las

Testicular spermatid heads (106/testis) 230.2+10.7 192.5+7.1* 220.8+10.8 205.149.5
Epididymal sperm count (108/cauda epi.) 142.319.4 136.2+7.9 116.04+6.3* 98.149.0**
Epididymal sperm motility (%) 85.240.5 85.910.4 86.4+0.75 86.4+0.7

* p<0.05, **p<0.01

Mice: Singh & Singh 2019a, 25-days-old, 90-day oral dosing

Doses (mg/kg-day) ___

Epididymal sperm count (106/cauda epi.) 13.52+1.15 11.63£1.18 8.5£0.4*
Epididymal sperm motility (%) 90.8%+2.58 85.444.52 66.845.82*
Epididymal sperm viability (%) 0.62+0.04 0.48+0.09 0.22+0.02*

* p<0.05, **p<0.01



Effects on Testosterone

Serum testosterone (T)

» Inrats:
« \V Adult: 2.5 mg/kg-day (p<0.01) (NTP 2019)
« \V Pubertal: 5.0 mg/kg-day (p<0.01) (Feng et al. 2009)
M At 1mg/kg-day (p<0.01), no effect at 3 mg/kg-day
» In mice:
« U Adult: 0.5 mg/kg-day after 90-day exposure (p<0.05) (Singh & Singh 2019a)
« \V Pubertal: 2 & 5 mg/kg-day after 14-day exposure (p<0.05) (Singh & Singh 2019b)

» N Zebrafish at 0.01 mg/L (p<0.01), no effect at 0.1 or 1.0 mg/L (zhanget al. 2016)

Intratesticular T
> \V Pubertal mice: 2 & 5 mg/kg-day after 14-day exposure (p<0.05) (Singh & Singh 2019b)



Effects on Other Hormones

Serum Miillerian inhibiting substance (MIS)
» M Rats at 5 mg/kg-day (p<0.05) (Feng et al. 2010)

Serum Estradiol (E2)
» P Rats at 5 mg/kg-day (p<0.01) (Feng et al. 2009)

Serum Inhibin B
> \V Rats: dose-dependently at 1, 3, & 5 mg/kg-day (p<0.01) (Feng et al. 2010)

Serum FSH or LH
» No effect in rats at 1, 3, or 5 mg/kg-day (Feng et al. 2009)



Effects on Reproductive Performance

Singh & Singh 2019a: 90-day dosing in mice
> \V litter size at 0.5 mg/kg-day (p<0.05)

* Limited information on study design for fertility evaluation

Zhang et al. 2016: 180-day treatment in zebrafish
> \V hatching rate (12% at 0.01 and 1.0 mg/L (p<0.05), no effect at 0.1 mg/L)

* Both male and female animals were exposedto PFNA



Effects on Development of the Male Reproductive System

Das et al. 2015: CD-1 mice, daily gavage from GD 1 to 17

> Preputial separation: delayed by 2 days (at 3 mg/kg-day) (p<0.05) or 5 days (at 5 mg/kg-day)
(p<0.05)

Singh & Singh 2019d: Parkes mice, daily gavage from GD 12 to birth, evaluation in neonatal
mice on postnatal day 3.

Endpoints examined: Testis weight, histopathology, testicular PCNA protein, intratesticular
testosterone concentration, & regulatory proteins or enzymes involved in steroidogenesis
(Results shown on slides 21 & 22)
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Effects on Development of the Male Reproductive System (continued) b\ é

Singh & Singh 2019d: Parkes mice, daily gavage from GD 12 to birth

> Histopathology: \ diameter of seminiferous cords, indicating \* number of Sertoli cells per cord
> Testis weight:about 20-30% \ at 2 and 5 mg/kg-day (NS), indicating ¥ number of Sertoli cells
> Testicular PCNA protein: \V dose-dependently (p<0.05 at 5 mg/kg-day), indicating N Sertoli cell proliferation

Proliferating Migrating
Sertoli cells gonocytes

Smaller seminiferous cords

Control PFNA, 2 mg/kg-day PFNA, 5 mg/kg-day

21



Effects on Development of the Male Reproductive System (continued)

Singh & Singh 2019d: Parkes mice, daily gavage from GD 12 to birth
> Intratesticular testosterone concentration:
« U (about 35%) at 5 mg/kg-day (p<0.05)
» Regulatory proteins or enzymes involved in steroidogenesis: :
« U StAR protein expression at 2 and 5 mg/kg-day (p<0.05);
« U SF1, CYP11a (P450scc), 3B-HSD, and 17B —HSD at 5 mg/kg-day (p<0.05)



Break for Questions from the DARTIC

DARTIC Meeting - December 14, 2021



Male Reproductive Outcomes Examined in
Epidemiologic Studies of PFNA



Epidemiologic Studies of PFNA and Male Reproductive Toxicity:
Methods and Key Issues

Study designs: cross-sectional, prospective cohort, case-control
Low PFNA concentrations
Low sensitivity (small differences between low and high exposures)

Multiple PFAS and other chemical exposures



Male Reproductive Outcomes Examined in Epidemiologic
Studies of PFNA

 Male reproductive function, including:

* Reproductive and thyroid hormone concentrations
e Sperm/semen quality
* Sperm DNA integrity

* In vitro fertilization (IVF) outcomes

* Developmental landmarks (anogenital distance [AGD])

* Prostate cancer and prostate-specific antigen (PSA)



Reproductive Hormones

* Testosterone (T)
* Serum and semen PFNA associated with reduced serum testosterone in four studies
* 6-9 year old pre-pubescent boys in an area with PFOA-contaminated water (Lopez-Espinoza et al. 2016)
e 13-15year old boys (zhou et al. 2016)
* *Young men (median age 19 years) (*Non-significant [NS]: B = -0.059 (-0.118, 0.001) nmol/L) (Joensen et al. 2013)

* Men (strongest association for < 30 year olds) who visited a reproductive medical center (Cuiet al.
2010)

e Other studies reported no associations or inconsistent results (Joensen et al. 2009; Toft et al. 2012, Lewis et al.
2015; Petersen et al. 2018, Ma et al. 2021; Specht et al. 2012).

* No consistent associations with other reproductive hormones or related proteins



Thyroid Hormones

Cross-sectional study of US National Health and Nutrition Examination

Survey (NHANES) data

* 16.3% (95% Cl 4.0, 30.2) higher serum concentration of thyroid

stimulating hormone (TSH) in 12 to < 20-year-olds

* No associations with other serum thyroid hormones (i.e., free and total

T3 [triiodothyronine] and T4 [thyroxine]) (Lewis et al. 2015)



Semen Quality
e Sperm concentration and count
* Study with highest PFNA concentrations and variability (Ma et al. 2021):

 Substantial, dose-dependent reduction in sperm concentration in the 2"9 and 3"

tertiles; 25% reduction associated with 3" tertile
e Reduction (NS) in sperm count (p-trend = 0.05)

* Other studies with lower PFNA levels: no associations (Joensen et al. 2013; Louis et al. 2015;
Pan et al. 2019; Petersen et al. 2018; Toft et al. 2012)

* Sperm morphology and/or motility: inconsistent findings (Joensen et al. 2013; Louis et al. 2015; Ma

et al. 2021; Pan et al. 2019; Petersen et al. 2018; Specht et al. 2012; Toft et al. 2012)



Semen Quality (continued)

e Sperm DNA integrity: 2 studies, mixed findings
* ™ % sperm with high DNA stainability (Pan et al. 2019)

* /I DNA fragmentation index in one study (Pan et al. 2019), no effect in another

(Specht et al. 2012)

* |VF: no effect on rates of clinical pregnancies or live births (Ma et al., 2021)



PFNA: Mechanistic considerations and other relevant data

* Effects on the hypothalamic-pituitary-gonadal-(liver) axis
* Effects on the thyroid



Endocrine Control of the Reproductive System:
The Hypothalamic-Pituitary-Gonadal-Axis (HPG axis)

Hypothalamus
Gonadotropinreleasing

hormone (GnRH) o
Pituitary
Luteinizing hormone (LH)
Follicle stimulating
hormone (FSH)
Testosterone(T)
Gonads Inhibin B
Mdllerian inhibiting substance (MIS)
" [also known as Anti-Millerian hormone (AMH)]

Gametes and hormones
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Endocrine Effects of PFNA

In vivo

» Effects of PFNA on reproductive hormones in humans and whole animals were presented
earlier.

In vitro
Rat primary Sertoli cell cultures (Fenget al. 2010)
* Increased MIS mRNA levels at 10, 25, 50, and 75 uM

* Decreased inhibin B mRNA levels at 50 and 75 uM

Mouse Leydig tumor cell line (mLTC-1) (zhao et al. 2017)

* Concentration-dependent decrease in progesterone production (IC50 16.61 uM)



PFNA Effects on Sex Hormone Receptors:
Expression, Binding, Activity

Mice (Singh & Singh 2019¢)
 Reduced mRNA of androgen receptor at 2 or 5 mg/kg-day for 14 days

Zebrafish (zhanget al. 2016)
 Reduced mRNA of:
* fshrand /hrat 0.1 and 1.0 mg/L for 180 days
 eraanderBat0.01 mg/L, and increased at 0.1 mg/L
« ar at0.1and 1.0 mg/L
* Increased liver mRNA levels for era and er6

Rainbow trout liver cytosol (Benninghoffetal.2011)
* Weak competitive binding to era



PFNA Effects on Sex Hormone Receptors:
Expression, Binding, Activity (continued)

In Vitro

Rat primary Sertoli cell (Fenget al. 2010)
* Reduced mRNA levels of FSH-R (25 and 50 uM)
* No effect on mRNA levels of AR (1to 75 uM)

CHO-K1 cells (Kjeldsen & Bonefeld-Jgrgensen 2013)

* No AR agonist activity
* Concentration-dependent antagonistic effects on DHT-induced AR transactivation



PFNA Effects on Sex Hormone Receptors:
Expression, Binding, Activity (continued)

In Vitro

MVLN cells
* No effects on ER activity (Kjeldsen & Bonefeld-Jgrgensen 2013; Juan Li et al. 2020)

* Inhibited the estrogenic response to E2 in a concentration dependent manner (Juan Li et al. 2020)

MCF-7 cells

* Downregulates expression of estrogen responsive genes in the presence of E2 (TFF1 and
EGR3) (Juan Li et al. 2020)

HEK-293T cells (Benninghoffetal.2011)
* Induced hERa gene reporter activity (100 to 1000 nM)

In Silico
* Predicted to bind at the active site of human, mouse, and trout ERa (Benninghoffetal. 2011)

* Predicted to bind to the surface of the E2 activated form of hERa (Juan Li et al. 2020)



PFNA Effects on Regulatory Proteins Involved in Steroidogenesis

Reduce protein expression of steroidogenic factor 1 (SF1)

* Mice exposed for 14 days 2 and 5 mg/kg-day (Singh & Singh 2019b);
* Mice exposed in utero at 5 mg/kg-day (Singh & Singh 2019d)

Steroidogenic acute regulatory protein (StAR)

 Reduced mRNA in mice (Singh & Singh 2019a)
* Reduced StAR protein in mice (Singh & Singh 2019 a, b and d)
* Increased mMRNA in zebrafish (zhanget al. 2016)
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PFNA Effects on Steroidogenic Pathway

Cytochrome P450 family 11 subfamily A (CYPlla)

e Reduced mRNA in mice
(Singh & Singh 2019a)

* Reduced P450scc protein in mice

(Singh & Singh 2019b) Cholesterol
. . P450scc o
* |ncreased mRNA in zebrafish P45017a P45017a Testis
(Zhang et al. 2016) Pregnenolone == 17-OH-Pregnenolone === Dehydroepiandrosterone
3B-HSD 3B-HSD 3B-HSD
drost di ﬂﬁiSPDT tost
. Progesterone === 17-OH-Progesterone == Androstenedione estosterone
3B-Hydroxysteroid dehydrogenase & P45017a & P45017a I
Arom Arom

- Est s  Estradiol
e Reduced mRNA and protein WO rRusp TR

in mice (Singh & Singh 2019 a and b)
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PFNA Effects on Steroidogenic Pathway (continued)

Cytochrome P450 family 17 (CYP17)= P450 17a

* Unclear in rats and no effects in zebrafish

(Zhang et al. 2016) Cholesterol
Pdsosccﬂ .
P45017a P45017a Testis
. —_— - - —p i
17I3-Hydroxyster0|d dehydrogenase (17B'HSD] Pregnenolone 17-OH-Pregnenolone Dehydroepiandrosterone
JJl 3B-HSD ﬂ 3B-HSD 3;3-Hsnﬂ[ 17AHSD
° Reduced mMRNA in mice Progesterone Pﬁm17-0H-Progesteronep4j—1;aAndrostenjdione Testoste;one
Estrone w Estradiol

e Reduced protein in mice (Singh & Singh 2019a)

* Increased mMRNA in zebrafish (zhanget al. 2016)

Cytochrome P450 family 19 subfamily A (cyp190)=EAromatase]

* Increased mMRNA in zebrafish (zhanget al. 2016)

* No effects on aromatase activity in JEG-3 cells (Kjeldsen &
Bonefeld-Jgrgensen 2013)



PFNA: Mechanistic considerations and other relevant data

* Effects on the hypothalamic-pituitary-gonadal-(liver) axis
* Effects on the thyroid



Thyroid Hormones in Development and Function of the Male Reproductive System 'b\ é '
T3 =tri-iodo-L-thyronine or triiodothyronine; T4 = tetra-iodo-L-thyronine or

thyroxine

HPT Axis
SR,
CI\\(//@_ ) Hypothalamus <=~

Tk

q Pituitary «--
1N -
Thyroid Gland

y

g o i o o, o o

Negative Feedback

. . Free T3 and T4

B B Bound T3 and T4

/ Effects of T3 on Testicular Function

* T3 binds directly to receptors on testicular Sertoli cells, which
activates gene transcription, protein synthesis, and Sertoli cell
proliferation and differentiation. Possible role in initiating sperm
development.

~

* T3 may also be involved in stimulating basal testosterone generation.

e Short-term hypothyroidismin post-pubertal males can have adverse

effects on semen quality.

K Image adapted from: Gabrielson et al. Sex Med Rev 2019; 7:57-70.
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PFNA Effects on Thyroid

Implications for Male Reproductive Toxicity
TTR = transthyretin, a serum transport protein that binds T4; TSH = thyroid stimulating
hormone

 Human — No significant association between PFNA levels and serum testosterone. Significantincrease in
TSH only for adolescents. (Lewis et al. 2015)

* Rat — Adverse effects on male reproductive outcomes only at doses which also altered thyroid outcomes.
(NTP 2019)

» Zebrafish — PFNA induced disruption of thyroid hormone transport, metabolism, synthesis and function.
(Y Lui et al. 2011)

* Invitro:
» PFNA bound to TTR and inhibited T4 binding (Weiss et al. 2009; Ren et al. 2016)
» PFNA decreased proliferation in T3-dependent rat pituitary GH3 cells (Long et al. 2013)

* In silico — Molecular docking model found PFNA fit binding pockets of TTR and thyroxine-binding
globulin. (Ren et al. 2016)



PFNA: Summary of Mechanistic Data

Effects on HPG axis

e Alters hormone levels
« \I Testosterone, 1 Serum E2, N MIS in vivo; \ Progesterone production in vitro

* Induces changes in gene and/or protein expression of a number of enzymes and factors
involved in steroidogenesis

* Interacts with estrogen and androgen receptor

» Affects gene and/or protein expression of some hormone receptors:

 \V Testicular AR; \V FSHR and LHR in rodents
« Y era, erb, ar; ¥V fshr, lhr, M liver era and erb in zebrafish

Effects on Thyroid homeostasis
* Interferes with thyroid hormone binding, serum levels, and function



PFNA: Key characteristics of male reproductive toxicants and
endocrine-disrupting chemicals



Key Characteristics

Proposed Key Characteristics of Male Reproductive Toxicants as an Approach for
Organizing and Evaluating Mechanistic Evidence in Human Health Hazard

Assessments

Xabier Arzuaga,” Martyn T. Smith,” Catherine F. Gibbons,” Niels E. Skakkebewk,” Evin E. Yost,? Brandiese E. J. Beverly,”
Andrew K. Hotchkiss,? Russ Hauser,® Rodrigo L. Pagani,” Steven M. Schrader,® Lauren Zeise,” and Gail S. Prins™?

Consensus on the key characteristics
of endocrine-disrupting chemicals
as a basis for hazard identification

Michele A. La Merrill('*, Laura N. Vandenberg?, Martyn 1. Smith®, William Goodson(®?4,

Patience Browne(»>, Heather B. Patisaul(®°, Kathryn Z. Guyton(®’, Andreas Kortenkamp(®¥,

Vincent J. Cogliano®, Tracey J. Woodruff(s'®, Linda Rieswijk>'', Hideko Sone'?, ¢ envirg,

Kenneth S. Korach(®'s, Andrea C. Gore(»'%, Lauren Zeise'* and R. Thomas Zoeller(®'® b é
\/




Key Characteristics (KCs) of Male Reproductive Toxicants and Endocrine Disrupting Chemicals (EDCs)

Male Reproductive Toxicants

1. Alters germ cell development, function,
or death

2. Alters somatic cell development,
functions, or death

3. Alters production and levels of
reproductive hormones

4. Alters hormone receptor levels/function
5. Is genotoxic
6. Induces epigenetic alterations

7. Induces oxidative stress

8. Induces inflammation

Endocrine Disrupting Chemicals (EDCs)

1. Interacts with or activates hormone receptors

2. Antagonizes hormone receptors

3. Alters hormone receptor expression

4. Alters signal transductionin hormone-responsive cells

5. Induces epigenetic modifications in hormone-
producing or hormone-responsive cells

6. Alters hormone synthesis
7. Alters hormone transport across cell membranes

8. Alters hormone distribution or circulating hormone
levels

9. Alters hormone metabolism or clearance

10. Alters fate of hormone-producing or hormone-
responsive cells



PFNA: KCs of Male Reproductive Toxicants and EDCs

Male Reproductive Toxicants

1. Alters germ cell development, function,
or death

2. Alters somatic cell development,
functions, or death

3. Alters production and levels of
reproductive hormones

4. Alters hormone receptorlevels/function
5. Is genotoxic
6. Induces epigenetic alterations

7. Induces oxidative stress

8. Induces inflammation

Endocrine Disrupting Chemicals (EDCs)

1. Interacts with or activates hormone receptors
2. Antagonizes hormone receptors
3. Alters hormone receptor expression

4. Alters signal transduction in hormone-responsive
cells

5. Induces epigenetic modifications in hormone-
producing or hormone-responsive cells

6. Alters hormone synthesis
7. Alters hormone transport across cell membranes

8. Alters hormone distribution or circulatinghormone
levels

9. Alters hormone metabolism or clearance

10. Alters fate of hormone-producing or hormone-
responsive cells
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Summary: Animal & Human Data on PFNA b\é

Animals in vivo (Oral Exposure)

Epididymal weight in rats (= 0.625 mg/kg-day)
Testis weightin rats (= 1.25 mg/kg-day) and mice (NS) (2.0 and
5.0 mg/kg-day)

Interstitial cell atrophy in rats (2.5 mg/kg-day)

Spermatid retention in rats (2.5 mg/kg-day)

Germ cell degenerationin rats (2.5 mg/kg-day) & mice (0.5
mg/kg-day)

Epididymal lesions in rats (2.5 mg/kg-day)

Sertoli cell changes in rats (=3 mg/kg-day)

Epididymal sperm counts in rats (=1.25 mg/kg-day) & mice (0.5
mg/kg-day)
Epididymal sperm motility and viability in mice (0.5 mg/kg-day)

Serum testosterone in rats (2.5 mg/kg-day) & mice (0.5 mg/kg-
day)
Intratesticular testosterone in mice (=2 mg/kg-day)

Interpretation limited by study design

Delayed preputial separation;

\Z

Intratesticular T level, steroidogenic proteins, PCNAlevels

(likely \ Sertoli cell proliferation) in mice

Humans

No data

No data

V' Sperm concentration (in the study with the
highest PFNA levels)

¥ T in boys, adolescents, young men, and
men <30 years)

No effectin 1 study

Inconsistent findings in two studies (AGD)



	Slide Number 1
	Outline
	Slide Number 3
	Uses, Occurrence, and Exposure 
	Uses, Occurrence, and Exposure (continued)
	Literature search and screening
	Slide Number 7
	Pharmacokinetics of PFNA
	PFNA and Its Salts�Animal Studies�� 
	Slide Number 10
	Animal Studies on PFNA
	�Effects on Reproductive Organ Weights
	�Effects on Reproductive Organ Weights�(continued)
	�Histopathology: Rats
	�Histopathology (Continued)�
	Effects on Sperm Parameters
	Effects on Testosterone� 
	Effects on Other Hormones 
	Effects on Reproductive Performance
	Effects on Development of the Male Reproductive System
	Effects on Development of the Male Reproductive System (continued)
	Effects on Development of the Male Reproductive System  (continued)
	Break for Questions from the DARTIC
	Male Reproductive Outcomes Examined in Epidemiologic Studies of PFNA  
	Epidemiologic Studies of PFNA and Male Reproductive Toxicity: �Methods and Key Issues
	Male Reproductive Outcomes Examined in Epidemiologic Studies of PFNA 
	Reproductive Hormones
	Thyroid Hormones
	Semen Quality
	Semen Quality (continued)
	PFNA: Mechanistic considerations and other relevant data 
	Endocrine Control of the Reproductive System:�The Hypothalamic-Pituitary-Gonadal-Axis (HPG axis)
	Endocrine Effects of PFNA
	PFNA Effects on Sex Hormone Receptors:�Expression, Binding, Activity 
	PFNA Effects on Sex Hormone Receptors:�Expression, Binding, Activity (continued)
	PFNA Effects on Sex Hormone Receptors:�Expression, Binding, Activity (continued)
	PFNA Effects on Regulatory Proteins Involved in Steroidogenesis
	Steroidogenesis Pathway
	PFNA Effects on Steroidogenic Pathway 
	PFNA Effects on Steroidogenic Pathway  (continued)
	PFNA: Mechanistic considerations and other relevant data 
	Thyroid Hormones in Development and Function of the Male Reproductive System�T3 = tri-iodo-L-thyronine or triiodothyronine; T4 = tetra-iodo-L-thyronine or thyroxine
	PFNA Effects on Thyroid �Implications for Male Reproductive Toxicity�TTR = transthyretin, a serum transport protein that binds T4; TSH = thyroid stimulating hormone
	PFNA: Summary of Mechanistic Data
	PFNA: Key characteristics of male reproductive toxicants and �endocrine-disrupting chemicals �
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





