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ABSTRACT

Major depressive disorder with peripartum onset or peripartum depression is a common condition experienced by a
large proportion of women and to some extent even in men. The current treatment strategies involve the use of
conventional pharmacotherapeutic classes of drugs like selective serotonin reuptake inhibitors (SSRIs), serotonin and
norepinephrine reuptake inhibitors (SNRIs), tricyclic antidepressants (TCAs) and psychotherapy methods in the
management of this condition. In this article, we try to review and evaluate the pathophysiology of the condition along
with the safety and efficacy of the novel investigational therapeutic drug zuranolone, which is a synthetic neuroactive
steroid (NAS) that has shown promise in clinical trials for the management of conditions like major depressive disorder,
peripartum depression and bipolar disorder. The synthetic NAS zuranolone is an orally bioavailable positive allosteric
modulator of the gamma amino butyric acid (GABAA,) receptor, which can regulate the action of the GABAergic
pathway implicated in many depressive episodes and also affect the normal functioning of the hypothalmo pituitary-
adrenal (HPA) axis which is the core pathophysiological cause behind major depressive disorder with peripartum onset.
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INTRODUCTION

According to the diagnostics and statistical manual of
mental disorders-V, a patient is diagnosed to have
depression if there is a change from his/her previous
functioning and need to have a minimum of 5 symptoms
out of the following 9, during the same 2-week period:
depressed mood, diminished interest in all activities,
significant weight loss (when not dieting) or weight gain,
insomnia or hypersomnia, psychomotor agitation or
retardation, ratigue or loss of energy, feeling of
worthlessness or guilt, diminished ability of concentration,
and recurrent suicidal ideation, suicidal attempt, recurrent
thought of death.

Major depressive disorder causes impairment and distress
in occupational, and social settings and the episode is not
attributable to a specific medical condition or substance.*

A diagnosis of major depressive disorder with peripartum
onset is made if the patient has the above-mentioned
symptoms either during pregnancy or the 4-weeks
following delivery. One out of two peripartum depressive
disorders begins before delivery.! Women may experience
the onset of symptoms either during pregnancy or after
delivery. Over half the women diagnosed with
“postpartum depression” show onset during pregnancy and
not post-delivery. Hence the condition is collectively
referred to as “peripartum major depression” or major
depressive disorder with peripartum onset.*
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The postpartum period continues to be a stage where the
neuroendocrine changes in the body alter the
psychological and physical well being of the mother and
possibly have implications on further family planning and
quality of life. Symptoms like irritability and restlessness,
anxiety, crying for no reason which develops within a few
days of delivery, should not be confused for peripartum
depression, as they constitute a transient and self-limiting
condition called “baby blues” which resolves on its own
within 2 weeks.?

1 out of 7 women continue to experience peripartum
depressive disorder and the numbers are possibly higher
due to the underreporting of cases due to the lack of
primary healthcare facilities in underdeveloped areas and
the taboos associated with mental health illnesses.?* There
is a significant increase in risk observed in patients who
experience anxiety and mood symptoms during gestation.
Peripartum depression is also observed in 4% of fathers
until 1 year after a child’s birth.?

Currently, the condition can be treated by using multiple
classes of drugs like selective serotonin reuptake inhibitors
(SSRIs), selective nor-epinephrine reuptake inhibitors
(SNRIs), tricyclic antidepressants (TCAs), monoamine
oxidase inhibitors (MAQ), estradiol and progestin
preparations.” Women with peripartum depression tend to
prefer psychotherapy more than pharmacological
therapy.”!" Electroconvulsive therapy (ECT) is also an
option in the management of severe or refractory cases, but
further data is necessary to analyze the safety of ECT over
pharmacological therapy.”®

The complex and multifactorial etiological factors of
peripartum disorders and the need to improve the available
treatment modalities warrant the need for the development
of novel strategies which tackle the underlying
pathophysiology of the disease.

DISCUSSION

Pathophysiology of major depressive disorder with
peripartum onset

Dysregulation of the hypothalamic-pituitary axis remains
to be one of the main etiological factors in peripartum
depression. During the 3™ trimester of pregnancy, there is
a surge in the levels of hormones like cortisol, estrogen,
progesterone with an elevated functioning of the
hypothalmo pituitary-adrenal (HPA) axis.®* After
delivery, there is a decrease in levels of hormones which
were previously higher and a blunted activity of the HPA
axis is noticed.® Hyperreactivity of the HPA axis coupled
with elevated cortisol levels is seen in patients with major
depressive disorders.® A hyporeactive HPA axis is
observed in patients only 6-12 weeks after delivery.® A
normally functioning HPA axis regulates itself via the
negative feedback control mechanisms, and appears to be
dysregulated in depressive disorders. Since the majority of
the women face similar hormonal changes during

pregnancy and after delivery, the following factors also
play an important role in the pathophysiology of the
disease.

Neuroactive steroids (NAS) like allopregnenalone are
important factors in decreasing the activity of the HPA axis
in response to stressors during pregnancy.”! NAS is also
a positive allosteric modulator of the gamma amino butyric
acid (GABAA\) receptor. The levels of NAS fluctuate in the
body during pregnancy. During the antepartum period,
studies have shown an increase in allopregnanolone, while
during the postpartum period there is a decrease
observed.®® Elevated allopregnanolone levels result in
downregulation of GABAA & and y2 receptors, which
physiologically get reversed after delivery.®® Failure of
this reversal may result in insufficient upregulation of
GABAA receptors, resulting in dysregulation of the
GABAergic pathway and symptoms of peripartum
depression. GABA being the main inhibitory
neurotransmitter in the body plays a crucial role in the
neural circuitry which manifests in multiple mood
disorders is dysregulated. NASs modulates the neuronal
activity in the body by action on GABAA receptors and has
shown anxiolytic effects and improvement in mood in
preclinical settings.131920

Several studies have shown that inability to adapt to
stressors (from life events), the physical toll of pregnancy
and genetics also play a major role in the pathogenesis of
peripartum depression, 1112

Efficacy and safety of zuranolone in treatment of
peripartum depression

Synthetic NASs work at multiple GABAAa receptor
subtypes to enhance the GABAergic transmission in the
central nervous system (CNS). Synaptic and extrasynaptic
potentiation afforded by the drug zuranolone, which is an
investigational orally bioavailable, synthetic NAS positive
allosteric receptor modulator at GABAA receptor shows
promise in the management of depressive disorders. The
success of allopregnanolone formulations like brexanole,
which is an intravenous drug used in the management of
peripartum depression, warrants the push towards
evaluating the safety and efficacy of zuranolone.

A double-blind, placebo-controlled, dose-finding Phase-I
study was conducted in 108 healthy volunteers. Multiple
ascending dose (MAD) and single ascending dose (SAD)
studies were conducted to evaluate the tolerability,
maximum dose and safety of the drug zuranolone.*® Doses
ranging from 0.25 to 66 mg were used across 9 cohorts,
where 36 volunteers were part of the MAD study and 72
volunteers were part of the SAD study.'® In the MAD
study, subjects were randomized 9:3 and received a once-
daily dose (15 mg, 30 mg or 35 mg) of the drug or placebo
for 7 days.® In the SAD study, subjects were randomized
6:2 and were administered a single dose of the drug or
placebo. The study revealed that the half-life of zuranolone
was around 16-23 hours and a Tmax of 1 hour.’® The
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maximum tolerated dose in MAD and SAD studies were
found to be 30 mg and 55 mg respectively. The Phase- |
study revealed that the drug was well tolerated.™®

A randomized, double-blind placebo-controlled Phase-IlI
trial was conducted for the first time. The study included
women of the age groups 18-45 years old who were less
than 6 months postpartum and have had a major depressive
episode (without psychosis) during the period ranging
anytime from the 3rd trimester of pregnancy up to 4 weeks
after delivery.** An interesting consideration of HAMD17
scores was made. Hamilton rating scale for depression is
the most commonly used clinical assessment tool to check
for the severity of depression in patients.*>% Originally
designed to measure depression severity using 17 items, it
has evolved over the last few decades where multiple
versions are being used in clinical medicine and
psychiatry. Patients with HAMD17 scores of 26 or higher
were considered for this study. 153 patients were
randomized at 1:1 and 76 subjects received the placebo
whereas 77 subjects received 30 mg of zuranolone.*
HAMD17 score improvement was observed in the group
being administered the drug over the placebo. Efficacy
outcomes showed a bigger decrease in HAMD17 scores of
patients receiving zuranolone versus placebo with a
difference of -4.2 points between them (least-squares
mean, -17.8 points with zuranolone versus -13.6 points
with placebo; and p=0.003) at the end of 15 days.** The
difference was sustained past day 15 after stopping the
drug up to day 45 when the difference between HAMD17
scores was -4.1 between zuranolone and placebo groups.'*

The most common adverse effects observed were
Somnolence in 15% and headache in 9% of the volunteers
who received zuranolone.* The study showed an overall
well-tolerated response in volunteers along with an
improvement in the severity of depression, measured by
HAMD17 scores and provides hope for further
development to improve the management strategies in
depressive disorders.**

Another open-label placebo-controlled Phase 2 trial was
conducted for evaluation of the safety and efficacy of
zuranolone in the treatment of patients with bipolar
disorders. The study revealed an improvement in the
depressive symptoms of patients and an overall
improvement in the patient’s condition.*’

CONCLUSION

Major depressive disorder with peripartum onset is a
common mood disorder experienced by 1 in 7 women. It
usually goes undiagnosed in many women due to the
stigma related to mental health illnesses and privacy
concerns amongst mothers.?* The disease is known to have
long term implications on the quality of life, and bonding
between the child and mother. The role of NAS in the
complex pathophysiology of this disease shows the
potential benefits of the development of investigational
synthetic NAS positive allosteric modulators like

zuranolone which enhances the GABAA receptor action. It
provides an advantage of being a once-daily dose, orally
bioavailable drug over brexanolone, which is an
intravenous synthetic NAS requiring long duration and
hospital admission for administration. Trials conducted
confirms the clinical improvement in patients, measured
using the decreasing baseline HAMD17 scores. The safety
and efficacy shown by the drug in multiple trials for
treating conditions like major depressive disorder,
peripartum depression, and bipolar disorder make it an
exciting prospect for exploring its potential therapeutic
benefits in other psychiatric illnesses.

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Not required

REFERENCES

1. American Psychiatric Association. Diagnostic and
Statistical Manual of Mental Disorders- DSM-5.
Available at:
https://www.psychiatry.org/psychiatrists/practice/ds
m. Accessed on 11 October 2021.

2. Balaram K, Marwaha R. Postpartum Blues. Treasure
Island (FL): StatPearls Publishing. 2021.

3. Meltzer-Brody S. New insights into perinatal
depression: pathogenesis and treatment during
pregnancy and postpartum. Dialogues Clin Neurosci.
2011;13(1):89-100.

4. Nolten WE, Lindheimer MD, Rueckert PA, Oparil S,
Ehrlich EN. Diurnal patterns and regulation of cortisol
secretion in pregnancy. J Clin Endocrinol Metab.
1980;51:466-72.

5. Magiakou MA, Mastorakos G, Rabin D, Dubbert B,
Gold PW, Chrousos GP. Hypothalamic corticotropin-
releasing hormone suppression during the postpartum
period: implications for the increase in psychiatric
manifestations at this time. J Clin Endocrinol Metab.
1996;81:1912-7.

6. Gold PW, Gabry KE, Yasuda MR, Chrousos GP.
Divergent endocrine abnormalities in melancholic and
atypical depression: clinical and pathophysiologic
implications. Endocrinol Metabol Clin N Am.
2002;31:37-62.

7. Frieder A, Fersh M, Hainline R, Deligiannidis KM.
Pharmacotherapy of Postpartum Depression: Current
Approaches and Novel Drug Development. CNS
Drugs. 2019;33(3):265-82.

8. Gunduz-Bruce H, Takahashi K, Huang MY.
Development of neuroactive steroids for the treatment
of postpartum depression. J Neuroendocrinol.
2021;e130109.

9. Maguire J, Mody I. GABA (A)R plasticity during
pregnancy: relevance to postpartum depression.
Neuron. 2008;59(2):207-13.

10. Brunton PJ. Neuroactive steroids and stress axis
regulation: Pregnancy and beyond. J Steroid Biochem
Mol Biol. 2016;160:160-8.

International Journal of Basic & Clinical Pharmacology | May-June 2022 | Vol 11 | Issue 3 Page 277



11.

12.

13.

14.

15.

16.

17.

18.

Kumar SA et al. Int J Basic Clin Pharmacol. 2022 May;11(3):275-278

Champagne FA, Meaney MJ. Stress during gestation
alters postpartum maternal care and the development
of the offspring in a rodent model. Biol Psychiatry.
2006;59:1227-35.

Murphy-Eberenz K, Zandi PP, March D. Is perinatal
depression familial? J Affect Disord. 2006;90:49-55.
Hoffmann E, Nomikos GG, Kaul I. SAGE-217, A
Novel GABAA Receptor Positive Allosteric
Modulator: Clinical Pharmacology and Tolerability in
Randomized Phase | Dose-Finding Studies. Clin
Pharmacokinet. 2020;59:111-20.

Deligiannidis KM, Meltzer-Brody S, Gunduz-Bruce
H, Doherty J, Jonas J, Li S, et al. Effect of Zuranolone
vs Placebo in Postpartum Depression: A Randomized
Clinical Trial. JAMA Psychiatry. 2021;78(9):951-9.
Rohan KJ, Rough JN, Evans M. A protocol for the
Hamilton Rating Scale for Depression: ltem scoring
rules, Rater training, and outcome accuracy with data
on its application in a clinical trial. J Affect Disord.
2016;200:111-8.

Hamilton M. A rating scale for depression. J Neurol
Neurosurg Psychiatry. 1960;23(1):56-62.

Goodman JH. Women’s attitudes, preferences, and
perceived barriers to treatment for perinatal
depression. Birth. 2009;36(1):60-9.

Rundgren S, Brus O, Bave U, Landen M, Lundberg J,
Nordanskog P, et al. Improvement of postpartum

19.

20.

21.

22.

depression and psychosis after electroconvulsive
therapy: A population-based study with a matched
comparison group. J Affect Disord. 2018;235:258-64.
Belelli D, Harrison NL, Maguire J, Macdonald RL,
Walker MC, Cope DW. Extrasynaptic GABAA
receptors: form, pharmacology, and function. J
Neurosci. 2009;29(41):12757-63.

Lambert JJ, Belelli D, Harney SC, Peters JA,
Frenguelli BG. Modulation of native and recombinant
GABA(A) receptors by endogenous and synthetic
neuroactive steroids. Brain Res Brain Res Rev.
2001;37(1-3):68-80.

Mughal S, Azhar Y, Siddiqui
Depression.  Treasure Island
Publishing. 2021.

Davé S1, Petersen |, Sherr L, Nazareth I. Incidence of
maternal and paternal depression in primary care: a
cohort study using a primary care database. Arch
Pediatr Adolesc Med. 2010;164(11):1038-44.

W. Postpartum
(FL): StatPearls

Cite this article as: Kumar SA, Ravi CCV.
Investigational synthetic neuroactive steroid
zuranolone in treatment of major depressive disorder
with peripartum onset. Int J Basic Clin Pharmacol
2022;11:275-8.

International Journal of Basic & Clinical Pharmacology | May-June 2022 | Vol 11 | Issue 3 Page 278




