Targeting Mitochondrial Function for Upstream Steroidogenesis and Adrenal Health
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There’s an age old question, is it better to give a man a fish or teach him to fish? Well, the answer
is complex when it comes to hormone optimization. As naturopathic physicians and functional
medicine providers, we must assess the individual physiological complexity, compliance, and
commitment of the patient to address the underlying etiologies that have led to suboptimal
adrenal or gonadal function. The application of the principal philosophy of treating the cause,
Tolle causam, is the ideal answer if the patient can address full body wellness.

Frequently, the cause is an underrecognized factor such as mitochondria dysfunction. Effective
management of hypogonadism, low libido, or adrenal insufficiency requires careful
consideration of both mitochondrial energetics and adrenal function, as these two systems form
the biochemical foundation of steroidogenesis.' Data indicate mitochondrial dysfunction and
adrenal dysregulation as primary etiological factors underlying declines in sex hormone
synthesis.'?

Supporting mitochondrial function is paramount to addressing a patient’s physiological resilience
and capacity to handle anabolic and catabolic adrenal influences. As both hormonal pathways
impact distal cells that must also have the mitochondrial capacity in the form of ATP energy to
optimally respond to upregulation. Effective mitochondrial capacity also allows for a more
abundant hormonal presence, which affects the 37 trillion cells that comprise the patient sitting in
front of us. Although this article is presented along with this month’s male-health-themed
offerings, the same applies for female hormonal balance and health as well.

Mitochondrial Site of Steroidogenesis

Steroid hormones arise within mitochondria through the conversion of cholesterol to
pregnenolone by cytochrome P450 side-chain cleavage enzyme (CYP11A1) located on the inner
mitochondrial membrane.’ Impaired electron transport or reduced mitochondrial membrane

potential directly limits steroid output.* Proper function of the StAR protein is also necessary for
cholesterol import, and its deficiency results in combined adrenal and gonadal failure.’

Cholesterol

Pregnenolone

Histologic studies show that adrenal mitochondria are also linked to adrenal medulla function.
All too often we fall into the trend of treating and supporting the adrenal cortex, yet the adrenal



medulla is also by intention part of adrenal responsiveness and healthy physiology.® CRF
(corticotropin-releasing factor) increases the spontaneous discharge rate of locus coeruleus (LC)
neurons and enhances norepinephrine (NE) release in the prefrontal cortex whereas
glucocorticoids seem to exert more inhibitory effects on NE release.”® Those same
neurotransmitters are released from the adrenal medulla in times of stress. This is one of the
reasons that patients experience the “wired but tired”” syndrome with lower than healthy
physiological adrenal glucocorticoid production.

Diseases producing variants of CYP11A1 or membrane fusion proteins such as OPA1 often
manifest as both adrenal insufficiency and hypogonadism.®

Sex Hormone Regulation of Mitochondrial Biogenesis

Sex steroids reciprocally modulate mitochondrial biogenesis. Androgens activate peroxisome
proliferator-activated receptor gamma co-activator (PGC-1a) transcription factor, stimulating
mitochondrial DNA (mtDNA) replication.”'® Studies demonstrate restoration of brain
mitochondrial function following testosterone therapy in aging men."' Estrogens exert similar
protective control on the mitochondria.'? T often remind my older male patients with age-matched
female partners that it is not uncommon to see a serum estradiol level for males being equal or
higher than their female counterpart if she is not on hormone replacement.

Adrenal Cortex as a Mitochondria-Dense Organ

The adrenal cortex contains one of the highest mitochondrial densities of any endocrine tissue
due to its steroidogenic demands.*'* Adrenocortical mitochondria integrate bioenergetics and
steroid metabolism, and disruption of membrane potential or phospholipid remodeling has been
linked to glucocorticoid deficiency."® Chronic stress triggers sustained activation of the
hypothalamic—pituitary—adrenal axis, which preferentially directs cholesterol toward cortisol
synthesis.'* This persistent diversion, known as pregnenolone steal, underscores the vulnerability
of steroidogenesis to mitochondrial exhaustion.

Mitochondrial Dysfunction in Endocrine Pathophysiology

Mitochondrial disorders commonly present with multisystem endocrine manifestations—adrenal
insufficiency, hypogonadism, and thyroid secondary suppression—illustrate the universal
requirement of mitochondrial integrity for steroid biosynthesis."” I make it a point to educate my
patients that hormones by their nature have broad and far-reaching effects distally from the gland
of origin. When supported with botanical, diet, lifestyle, nutraceuticals, or pharmaceuticals, the
targeted tissues must also have sufficient mitochondrial function to take up and utilize the
nutrients being therapeutically offered. After all, it takes energy to regain and sustain
homeostasis.

Clinical Assessment



Evaluation of adrenal-mitochondrial integrity includes measuring serum pregnenolone and
DHEA-S as indicators of steroidogenic reserve. Lactate-to-pyruvate ratios and urinary organic
acids help infer mitochondrial redox efficiency, while the DHEA/7-keto-DHEA ratio reflects
HPA oxidative activity. Persistent low ratios can suggest mitochondrial over-oxidation and
cortisol dominance. I routinely perform serum pregnenolone, DHEA, and DHEA sulfate labs for
patients to assess their upstream capacity and reserve, and to look for potential “individual”
hurdles that lead them to needing clinical intervention. I also routinely include both urinary and
salivary hormone testing as well.

Therapeutic Framework

Restoration of mitochondrial capacity provides the biochemical foundation for endocrine
recovery. Evidence supports the following sequence of interventions:
1. Bioenergetic repletion with coenzyme Q10 (CoQ10), acetyl-l-carnitine, riboflavin,
nicotinamide riboside, a-lipoic acid, and creatine to restore oxidative phosphorylation.'
2. Mitochondrial antioxidant therapy using N-acetylcysteine, glycine, mitoquinol, or
glutathione to prevent ROS-induced enzyme inhibition.'”'®
3. Adrenal adaptogenic modulation through Rhodiola rosea and Withania somnifera can
normalize cortisol thythm.'**' Often as clinicians we have our tried and proven
combinations of adaptogenic botanicals that we have incorporated into our clinical
protocols. I routinely impart the philosophical tenet that “a penny saved is a penny
earned.” Or put another way, that conservation of adrenal output with the use of
L-theanine can help a patient stay cool, calm, and collected in order to reduce the impact
of stress on the mitochondria and hormones.

Another means of adaptogenic modulation is to use proprietary blends such as
combination of Magnolia officinalis and Phellodendron amurense that was shown in a
2013 article to help with cortisol imbalance.” After four weeks of supplementation,
salivary cortisol exposure was significantly (p<0.05) lower (—18%) in the Relora group
compared to placebo. Compared to placebo, the Relora group had significantly better
(p<0.05) mood state parameters, including lower indices of Overall Stress (—11%),
Tension (—13%), Depression (—20%), Anger (—42%), Fatigue (—31%), and Confusion
(—27%), and higher indices of Global Mood State (+11%) and Vigor (+18%)).

4. Embracing the concept of treating upstream by using hormone precursor
replacement with physiological pregnenolone or DHEA with refinement of dosages using
pre and post lab monitoring. After all, both pregnenolone and DHEA confer important
independent beneficial physiological effects in the body independent of downstream
hormones of testosterone, estrogen, or progesterone, which is the all-too-often primary
goal to be addressed in patients. Yet, our philosophical approach is treating the entire
body and not just seeking the quick fix that was suggested by a patient’s Google or Al
search or podcast they recently watched. There is a potential time for cookbook medicine,
yet it is our years of training and holistic approach that gives our patients that extra edge
to thrive in contrast to simply surviving. We are in our patients’ lives for the long game.



5. Lifestyle and circadian restoration, as sleep deprivation and glycemic instability worsen
mitochondrial health.*** Testing for sleep apnea, addressing snoring of bed partners that
can keep patients awake, controlling blue light exposure, etc. are all paramount.

The Thyroid-Adrenal-Mitochondrial Interdependence

Thyroid hormone (T3) acts as a master regulator of mitochondrial biogenesis.”® Hypothyroidism
thus compounds mitochondrial insufficiency and produces biochemical patterns resembling
adrenal fatigue.”® It is also noteworthy that T3 hormone and T2 hormone have a stimulatory
effect on mitochondrial function:?’ Yet another reason to consider porcine-based thyroid
replacement therapy. T2 hormone is not a standardized approach, but it is offered along with the
standardized T3 and T4 in commercially available thyroid replacement pharmaceutical
offerings.?®%

We must remind our patients that when we address hypothyroidism and bring thyroid laboratory
indices within the normal range, we have literally increased their basal metabolic rate, which
routinely alters metabolism of hormones, medications clearance, digestion, and energetic demand
including adrenal reserve.

Conclusion

There is an interplay between the mitochondria, steroid production, and adrenal health.
Supporting the health of the mitochondria is essential for healthy testosterone levels and adrenal
function. The mitochondria’s role in production of testosterone and other hormones is a
little-considered aspect of men’s health, but one that can make a significant difference in
treatment outcomes.
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