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Objectives

Understand

AHow neuroactive steroids (NAS) act on the GABAceptor
AHow NAS change across the peripartum and the menstrual cycle

AHow mood and anxiety symptoms are related to fluctuating levels of NAS at times
of reproductive transition

AHow synthetic NAS can be used to treat psychiatric illness at times of reproductive
transition
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Inhibitory NAS down in chronic mental
iliness
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Pregnancy

Like MDD, or PMDD ?
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Allopregnanolone in Healthy Pregnancy

(C) ALLO:5a-DHP
0.40 1
a

[ Levels Ox U Ratio to
precursor m

before delivery

0.30 1

0.25

& 0.20

0.15 4

/Expression GABA receptor l\ 0107
subunit & binding capacity Return to normal 0.05 1

r] by 6 weeks PP O T 10 1820 @ 2830 388
\Wlthln 48 hours after delive Py weeks wesks wesks weasks

Gestational weeks

Gilbert Evans et al., Gynecological Endocrinology, November 2005; 21(§27268

0.35 1

Metabolite:precursor ratio




14,2013 Journal of Psychiatric Research 47 (2013) 816-828
o o R e —— P s @
‘Contents kists available at ScienceDirect: E R
3 Psychoneuroendocrinology 1 Journal of Psychiatric Research
Low serum A"opregnanolone IS ELSEVIER Journal homapaga: www.slssvier.com/locata/psynausn | — Blunted neuroactive steroid and HPA axis arises 608 ave LLSE\ I[R fovtan) e slzevisr
Associated with Symptoms of ;fsocinted with reguced ;leep quality and negative affect
Longitudinal e and ive steroid profiles in medication- ) nancy: a pilot stu

Depress“’n in Late Preg nancy free women with, without and at-risk for perinatal depression: A liquid “ s e % GABAergic neuroactive steroids and resting-state functional connectivity in

h hy-tandem mass y analysis Shannon K. Crowley" - Todd K. O’Buckley® - Crystal E. Schiller - Alison Stuebe™ - postpartum depression: A preliminary study
Charlotte Hellgren® Helena Akerud® Alkistis Skalkidou® Torbjérn Backstrdm® Kristina M. 564, Aimee R, Kroll “ Yanglan Tan’, A. Leslie Morrow'#* « Susan . Girdler'
Inger Sundstrém-Poromaa® Michlle L. Dubuke®", Scott A. Shaffer*

Kristina M. Deligiannidis **, Elif M. Sikoglu®, Scott A. Shaffer®, Blaise Frederick %, Abby E. Svenson?,
Andre Kopoyan©, Chelsea A. Kosma®, Am:hony] Rothschild ar , Constance M. Moore

Peripheral ALLO




NAS across the
Peripartum

R o w Examined multiple NAS across preghancy and postpartum

Contents lists available at ScienceDirect
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Action of Enzymes?
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Action of Receptors?

Synaptic GABA,Receptors Extrasynaptic GABA,Receptors

Before stress During protracted stress During protracted stress

G GABA N Neurosteroids B  Benzodiazepines

A Low sensitivity A Medium sensitivity A High sensitivity

. Down-regulated ‘ Normal Expression O Up-regulated

Locci& PinnaBritish Journal of Pharmacology (2017) 174 3232811



GABAA Receptor delta
Knockout Mice

IncreaseadMood and
Anxietylike Behaviors
Postpartum

%4

Immobility Time (s)

230 1 5 wild Type
m Gabrd™"

Virgin Postpartum

Maguire &Mody, Neuron. 2008 July 31; 59(2): 2223.



NAS
Sensitivity/ GABA

signaling

Wenzel et al., The neurobiology of postpartum depression,
Trends in Neuroscience 2025 Jul;48(7):469.

(B) GABAR

0 subunits
T sensitivity to
NAS

(C) Pregnancy

1 NAS sensitivity

\

Modulation of
GABA signaling

(D) Postpartum

T NAS sensitivity

v

Restoration of NAS
sensitivity

(E) Postpartum (6-KO)

Disrupted NAS
sensitivity/signaling

R/
v

Depressive-like
symptoms & abnormal
maternal behavior

Trends in Neurosciences



Relationship of

Network States

Maguire et al., GABAergic neuroactive steroids and network states
relevance to peripartum depression, Biological Psychiatry 2025 Oc
9:500063223(25)015245.
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Methods of Prospective Study

R (A 62 women, dx of mood disorder \
(A Prospective through pregnancy up to 3 months PP \
(A TAU, including meds \
(A Scalesclinianinterview, blood draw up to 6x \
(A ALLO by ELI%&A kit from Arbor Assays LLC Cat 3 #0134 \

Osborne et al.,Psychoneuroendocrinology, 2017




Category Variable Percentage

Age <30 33%
>31 67%

Diagnosis BPAD 30%
MDD 70%
Healthy 0%

Relationship Partnered 95%
Single 5%

Education Some gradgchool & above 40%
Some college & below 30%

Subsequent No 47%

PPD* *Some missing data, does

Yes 43% not add up to 100%
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Methods of JHU Prospective Mood &
Anxiety Studies

Pls: PAYNE, OSBORNE

124with ALLO, mood, anxigtat T2, T3, W6

Covariates = sleep, age, visit timing

A

Includedif blood draw and psych scales at least once & no missing covariatés

N = 92 for predictive, N = 121 for concurrent

Negative binomial generalized linear models




Methods of Biological Mechanisms of
Anxiety

Pl: OSBORNE

140 enrolled(115 preCOVID)

Anxiety alone, NO depression, at T2, T3, W6, M6

9 different NAS at first 3 timepoints, by M5

Moderatedmediation model

Negative binomial generalized linear models
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90% increase in EPDS for each unit log ALLO in those with history; 31% decrease for thoseuwthditq)
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Sleep Matters!!
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Slope change In
allopregnanolone:

progesterone ratio
from T3 to W6
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Conclusions and Questions . . .

( ﬂTZ ALLO predictedﬂ W6 depression, anxiety

(Relationship driven by thoseith mood history

Medication use did not change results, sleep an important and independent risk factor

\ J/

Relationship between ALLO and maanisymptoms differed across peripartum

Questions

w1. What is relationship to rest of pathway?
w?2. Does anxiety differ from depression?

w 3. Does population matter?

w4. Do better ALLO methods matter?

w5. How does this connect to otheystems?




ALLO Does Not Act
Alone . ..

The Progesterone
Metabolic Pathway




OR=0.64, 95% CI- 0.47~0.88, FDR-adjusted p=0.035

Log Odds of Postpartum Depression
&

-g-
: OR=4.00, 95% CI: 1.54~10_37, FDR-adjusted p=0.035
- 8-
8 10 12 -8 -6 -1 -2 0 2
a): Progesterone at T3 (in natural log scale) b): Pregnanolone / Progestercne at T3 (in natural log scale)

OR=164, 85% CI: 1.13~2.37, FDR-adjusted p=0.038

Log Odds of Postpartum Depression

-25 0.0 25 50
c). Izoallopregnanolone / Pregnanclone at T3 (in natural log scale)

Osborne et al.Neuropsychopharmacology024, in press




Methods of Happy Mother, Healthy Baby

Pl: SURKAN

117 enrolledn RCT for CBT intervention in Pakistan

Anxiety alone, NO depression, at T2, T3, W6,

9 different NAS, by GRS

Moderatedmediation model

Negative binomial generalized linear models
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F.D.A. Approves First Drug

for Postpartum Depression

The medication works quickly, within 48 hours. But it’s an
expensive infusion and requires a stay in a medical center.




ZULRES3UBrexanolong Injection is Hypothesized to Work in PPD by Increasing GABA Func

Brexanolonelnjection . .
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2”09(99”?;1'”0'0?6 lator of Use ofBrexanolone
ositive allosteric modulator o : :
GABA receptors | njectlon
GABAergic hypofunction has been
Extrasynaptic receptors associated with PPB-3

contain a § subunit

Brexanoloneanjection is a positive
allosteric modulator of GABA
receptors®
Therefore,brexanoloneinjection
may have therapeutic potential in
PPD by increasing GABAergic
function

Extrasynaplic
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Novel PAM
binding site

AR
Increased tonic & *

*.a
GABAergic current .

Postsynaptic terminal

1. Luscher B, et dllolecular Psychiatr011; 16(4): 38306; 2. Deligiannidis KM, et Blsychoneuroendocrinolog®016;70:98L07; 3. Epperson CN etRdychopharmacology

2006; 186(3): 42833; 4. Maguire J and ModyPsychoneuroendocrinologd009 Dec;34 Suppl 1:S9@; 5. Bialer M, et aEpilepsy Re2015; 11:85141.
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FIGURE 2. Change from baseline in HAM-D score in a
placebo-controlled trial of zuranolone 50 mg/day for
postpartum depression (full analysis set)®

Treatment
period

—Jll—Zuranolone (N=98)
- -A--Placebo (N=97)
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Base- 3 8 15 21 28 45
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Treatment Criteria?

Onset during the third
trimester of pregnancy or
</= 4 weeks postpartum,
presenting at </= 12
months postpartum

/

Moderate to severe
depression




Administer with fatcontaining food

Dosage and

Adm|n|5trat|0n Hepatic or renal impairment, dosage is 30 mg PO ghs
days

Do not drive, operate machinery, or do other dangero
activities until at least 12 hours after taking each dose




Tolerability

Incidence of adverse reactions that led to
discontinuation in patients treated with 50 mg of
zuranolone and placebo was 2% and 1%,
respectively.

The most common adverse reaction leading to
treatment discontinuation in zuranolorgeated
patients was somnolence.

Dosage reduction due to an adverse reaction
occurred in 14% of zuranolofieeated patients. The
most common adverse reactions leading to dosage
reduction in zuranolondreated patients were
somnolence (10%) and dizziness (6%).



N=14 healthy lactating women who were
12 or more weeks postpartum and treated
with oral administration of 30 mg of
zuranolone dally for 5 days.

: The daily infant dose via milk was estimated
Feedmg to be 0.00124 mg/kg, resulting in a mean

Criteria? weight-adjusted relative infant dose of
0.357% compared to the maternal dose.

Concentrations of zuranolone in breastmilk
were below the level of quantification limit
by 4 to 6 days after the last dose.




Ganaxolone for PPD

6-hour IV
infusion

Followed by Results not

Phase 2 study daily oral published

Dichtelet al., J Clin Psychiatry 81:4, July/August 2020
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Sepranolone for PMDD

Total symptom score
0

-
o
'

48.1%

PMDD symptoms arise in luteal phaseith
rising ALLO

-204

" T
-30-

Score reduction,
mean + SEM

-404

| p=0.006 |

Negative mood score

. Or maybe it is slope of decline?
g é -10- ——
L_p=000s Prootof-concept study with
. Impairment score Isoallopregnanolone, a GAB¥receptor
Sa ; 52.5% ANTAGONIST
g2 . . .
1 Strong effect in true PMDD, did not work in
7 ke PME
Placebo uc1010
n=26 n=34

Backstrom et al., Psychoneuroendocrinology 2021 Nov;133:1054



Conclusions

Substantial evidence for role of NAS
dysregulation in pathophysiology

Relationship between NAS and symptoms
may differ according to cycle and pregnancy
state

Definition of reproductive iliness crucial

Promising avenue for treatment, but early
days yet
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Learning Objectives

By the end of this session, participants will be able to:
1. Describe the hallmark features of common anxiety disorders in children and adolescents.

2. Explain the current evidendeased psychopharmacological treatments of common anxiety
disorders in children and adolescents.

3. Recognize complex presentations of anxiety disorders in children and adolescents to develop
appropriate treatment interventions in children and adolescents.

THE UNIVERSITY OF ARIZONA
COLLEGE OF MEDICINE TUCSON

Psychiatry
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An undifferentiated term




Anxiety Disorders

Fears Emotional response to real/perceived imminent threat
Fight/flight

Hyperarousat autonomic response and escape

Worries Anticipation of future threat(s)
Muscle tension

Vigilance/cautious or avoidance




Excessive Fear/\Worry §+) a Hallmark Feature

Generalized Anxiety Disordetnability to control’ multiple worries; associated with
physical symptoms

Separation Anxiety DisorderFear that harm will come to caregivers or lead to
separation

Social Anxiety DisorderFear of scrutiny and negative judgment of others

ahiKSNX'! yvaNbeod theredRiasufficient information
Specific Phobia

Panic Disorder
Agoraphobia

Selective Mutism

THE UNIVERSITY OF ARIZONA


https://www.choosehelp.com/topics/anxiety/what-is-generalized-anxiety-disorder
https://creativecommons.org/licenses/by/3.0/

Anxiety Disorders

Severity

Must persist for > 6 months
Must have functional impairment
LG AayQi az2ys
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Help Caregivers Create Tolerable Stress

Nonnormative exposure to stress, greater magnitude
wWith buffered protection from parents
wFacilitates adaptive coping and sense of control
wLower risk of londerm negative outcomes for health and learning

|dentify and Eliminate Toxic Stress

Prolonged exposure of severe stress
wDevelops without protective buffering from caregivers
wDisrupts normal development, changes in physiologic circuitry & regula
wNegative longerm outcomes in health, learning, behavior




To Begin What We Need to Know

Primary Diagnosis or Target Symptoms
Must persist-for>-6-months(separate fromtransientstress) ———————
Assess level of functional impairment

Severity

LG AayQi &az2YSGKAy3a St as

Comorbidities
Stressors
FamilyHx

Family Functioning
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TREATMENT
Am | going to use a medication?

CBT only: Add Medications:

For mild severity When psychotherapy fails
Minimal functional impairment For moderatesevere impairment
Supportive family interactions Poor school performance
Minimal comorbidities School refusal

10-16 weeks Sleep impairment

Comorbid depression




Which Medication Should | Choose?

Which drugs have FDA approval for specific anxiety
disorders?

?

Which drugs have the most evidence for the treatment of
anxiety disorders in youth?




Child/Adolescent Multimodal Anxiety Study (CAMS)

12-week study; N=488 77 y/o Very Mucbgrl Much Improved

ModerateSevere SAD, GAD, SOC 90 CGil Scale o
80.7
80 —
;g 59.7 540 N
% 50 —
Improved40 B
In SSRI group: 30 231 —
A NNT: 3 20 I
A *If no response by 8 weeks, unhl%@ly N
to benefit after 4 more weeks (data Placebo CBT only Sertraline Combination

not shown)




CAMELS Study Anxiety Outcomes

22% 48% 30%

60

Predictors of Remission:
-CAMS responder to ANY

treatment arm op "
-Male 30
-Younger 20
-No social phobia 0 I I I I
-Better global function )

- B etter fam | Iy fu N Ct| on | ] g Consistent Remitters Relapsers Chronic
'Fewer inte I‘i m '() I|fe eve ntS B Total Sample @ W CAMS Responders B CAMS NonResponders

50

Naturalistic study, 6 sites:-ys
N=319 (65.3% CAMS sample)




Network MetaAnalysis of Medications for Pediatric Anxiety Disorde

For treatment response and reduced

a‘nXIety Symptoms . Treatment Response
A SSRIs were superior to SNRIs S5R1 () - 46611079
A Sertraline most tolerated and efficacious ~ ®® - 24171039
TCA (4) = 2.0 (0.8 to 4.9)
For treatment response: penzo @ . 140306
. . a, Agonist (1) - 5.6 (1410 26.8)

A SNRIs and alpkHaagonists also superior _
to plaCGbO 5-HT;4 Agonist (2) —-.— 1.3 (0.7 to 2.4)
0.1 1 10 100

A SSRIs had more discontinuation due to OR (95% Crl)

AEs than SNRIs

THE UNIVERSITY OF ARIZONA
COLLEGE OF MEDICINE TUCSON




Other Medications

Not enough data:

TCAS

Benzodiazepines

Buspirone- 1 (+) open label

Mirtazapine

Alpha2 agonists 1 (+) open label PTSD
Atomoxetine- 1 (+) with comorbid ADHD
5-HT agonists




Which Medication to Choose?

Which drugs have FDA approval for specific anxiety disorders
In youth?

General Anxiety Disorder
Duloxetine, € 17 y/o
Escitalopram, 717 y/o

Which drugs have the most evidence for the treatment of
anxiety disorders in youth?

SSRIs




1. CONSIDER:
Drugs: Starting Medication

FDA indications for specific diagnoses
§

(A 4
A\

Clinical guidelines
Best data
Drug SE profile, interactions

Patient:
Pharmacokinetics/Pharmacodynamics

What worked for patient before
What worked for family member
Assess for baseline somatic symptoms

Screen for bipolar disorder

Strawn JR, Vaughn S, Ramsey LB; Pediatiric Psychopharmacology for Depressive and Anxiety




Antidepressants Pediatric Anxiety

SSRIs
Escitalopram
Fluoxetine
Sertraline

Fluvoxamine

Paroxetine

Citalopram
SNRIs

Duloxetine

Venlafaxine

X

K

T

T

SSRIs more discontinuation syndrome and activation
e K 2
Long hallife, can dose QD

Lower doses BID

Short halflife, higher risk discontinuation, dose BID, may have greater
risk drug interactions

Short halflife, higher risk discontinuation, dose BID
Concern for QTc prolongation above 40mg
Less discontinuation, less activation than SSRIs

dsck SEs oropharyngeal pain, monitor HR/BP
Some data, monitor HR/BP







