
SS-31 (elamipretide) has indeed been given as a 2‑hour IV infusion in human studies, typically at

fixed mg/kg/hour rates.

⁂

The pivotal trials that led to approval used a daily subcutaneous dose of 40 mg elamipretide

(SS‑31), given once per day.

SS 31 was administered by IV drip over 2 hours.

[1] [2]

Typical IV infusion parameters

In a randomized dose‑escalation trial in adults with primary mitochondrial myopathy,

elamipretide was infused intravenously for 2 hours at rates of 0.01, 0.1, or 0.25 mg/kg/hour,

with good short‑term tolerability and no major safety signals. [2]

Another clinical study in heart failure patients reported IV elamipretide infusions at 0.25

mg/kg/hour over 4 hours, and a separate phase I safety study in healthy volunteers used

0.05 mg/kg/hour for 2 hours without drug‑related adverse events. [1]

Safety and pharmacokinetics

Across phase I trials, IV SS‑31 was described as well tolerated over a wide dose range

(0.01–0.25 mg/kg/hour) for infusion durations up to 4 hours, achieving pharmacologically

active plasma levels at even the lowest tested dose. [3] [1]

Reported adverse effects with short IV infusions have been minimal, and serious toxicity has

not emerged in these early-stage studies, though larger and longer trials are still needed for

definitive safety conclusions. [2] [1]

what dose was used in the trials that resulted in ss
31 being approved as a drug

[22] [23] [24]

Approved dose

The FDA prescribing information for Forzinity (elamipretide) specifies a recommended dose

of 40 mg subcutaneously once daily in patients weighing at least 30 kg. [23] [22]

Each single‑patient‑use vial contains 280 mg in 3.5 mL (80 mg/mL), from which a 0.5 mL

dose delivers the 40 mg daily amount. [25]



⁂

The MMPOWER‑3 phase 3 trial tested elamipretide (SS‑31) at 40 mg once daily given

subcutaneously.

⁂

Evidence so far suggests SS‑31 (elamipretide) is most likely to help when there is age‑ or
disease‑related mitochondrial dysfunction, and appears to have little to no effect in young,

healthy tissue.

Dose used in key trials

In the phase 2/3 Barth syndrome trial and subsequent studies forming the clinical basis for

approval, participants were randomized to receive 40 mg elamipretide subcutaneously once

daily versus placebo, generally over 12–24 weeks before open‑label extension. [26] [24] [27]

Long‑term extension data also continued the same 40 mg once‑daily subcutaneous regimen

to assess durability of effect and safety, reinforcing this as the standard therapeutic dose.
[28] [22]

What dose was tested in the MMPOWER‑3 phase
3 trial

[42] [43] [44]

Dose and schedule

Participants were randomized 1:1 to receive either 40 mg elamipretide per day or placebo,

administered as a subcutaneous injection. [45] [42]

Treatment at this 40 mg once‑daily subcutaneous dose continued for 24 weeks during the

double‑blind phase. [43] [42]

Route and context

The study was designed specifically to evaluate 40 mg/day subcutaneous elamipretide as

the therapeutic dose for adults with genetically confirmed primary mitochondrial myopathy.
[46] [44]

This same 40 mg/day SC regimen was then carried into the open‑label extension to assess

longer‑term safety and effects. [47] [48]

would ss 31 provide a benefit to an otherwise
healthy individual

[56] [57] [58]



⁂

In MMPOWER‑3, there were two co‑primary endpoints:

⁂

What the data show

In mouse and other preclinical models of aging, SS‑31 improves mitochondrial efficiency,

exercise tolerance, cardiac function, and some cognitive measures, essentially making “old,

impaired” tissues behave more like young ones. [57] [59] [56]

The same work repeatedly notes that SS‑31 has negligible effect on mitochondrial function

in young, healthy mitochondria, implying limited upside if baseline function is already good.
[58] [60]

Human data and current focus

Human trials in primary mitochondrial myopathy and other diseases show mixed or modest

functional benefits, and at least one major phase 3 trial failed its primary endpoints, even in

clearly impaired patients. [61] [62] [63]

There are ongoing or planned studies looking at “healthy aging” or older adults with

functional decline, but there is no clinical trial evidence yet that an otherwise healthy,

younger individual gains meaningful performance or longevity benefits. [64] [65]

Practical implication

Mechanistically, SS‑31 is a targeted repair drug for damaged mitochondria, not a general

performance enhancer, so any net benefit for a healthy person with normal mitochondrial

function is uncertain and may be small. [60] [58]

Given it is now an approved prescription drug for a rare mitochondrial disease, off‑label use
in healthy people would carry cost, injection burden, and unknown long‑term risk without

clear evidence of benefit.

“phase 3 trial failed its primary endpoints” what were
the endpoints

1. Change from baseline to week 24 in distance walked on the 6‑minute walk test (6MWT). [76]

[77] [78]

2. Change from baseline to week 24 in total fatigue score on the Primary Mitochondrial

Myopathy Symptom Assessment (PMMSA). [77] [79] [76]



Plasma half‑life of SS‑31 (elamipretide) is short, on the order of about 1–2 hours in mammals, with

human data consistent with this range.

⁂

For the approved drug product, elamipretide (SS‑31) is considered stable for several days after

first use, as long as it is kept within labeled temperature ranges.

⁂

what is the half life of SS 31

[95] [96] [97]

Reported half‑life values

Animal and mechanistic reviews describe an elimination half‑life of roughly 2 hours, with

rapid distribution after dosing. [98] [95]

In dogs given IV elamipretide, the reported plasma half‑life is about 4 hours, with nearly

complete renal excretion within 24 hours. [99] [100]

Human pharmacokinetic summaries and secondary sources describe a short plasma half‑life
(around 1–2 hours), which matches the observation that effects on mitochondrial ATP

production are gone by about 7 days after a brief treatment course. [96] [101] [97]

how stabil is SS 31 once reconstituted

[115] [116]

FDA‑approved product (Forzinity)

Unused vials of Forzinity should be stored refrigerated at 2–8 °C (36–46 °F) and not frozen,

with an expiry of up to 48 months from manufacture. [117] [115]

After the first dose is withdrawn, the opened vial may be stored either refrigerated (2–8 °C)

or at room temperature (20–25 °C) and must be discarded 8 days after first opening,

regardless of remaining volume. [118] [119] [115]

Research‑grade peptide guidance

Research suppliers recommend storing lyophilized SS‑31 at 0–4 °C for days to weeks or

−20 °C for long‑term, and keeping reconstituted solutions cold, often frozen in aliquots, to

maintain stability. [120] [121] [122]

These recommendations suggest SS‑31 is reasonably stable in aqueous solution under

refrigerated or frozen conditions, but for any human use, the labeled 8‑day post‑opening
limit from the approved product should be followed. [116] [115]



There are limited publicly available quantitative data, but regulatory documents and technical

reports give some useful bounds on chemical stability of reconstituted elamipretide (SS‑31).

⁂

Chemical stability data for reconstituted SS 31
over time

[135]

[136] [137]

In‑use stability (approved product)

The FDA approval package for Forzinity states that in‑use stability studies support up to 8

days of use after first opening of the multidose vial, with up to 30 punctures, when stored at

2–8 °C or room temperature (20–25 °C). [137] [135]

On that basis, the label instructs discarding vials 8 days after first opening, which implies

that elamipretide in its commercial aqueous formulation remains chemically and

microbiologically acceptable for at least that period under those conditions. [138] [135]

Underlying stability studies

The FDA “Approvals” document notes that the 48‑month expiry at 2–8 °C for unopened vials

is “based on the stability data submitted,” which include stability‑indicating assays (typically

HPLC/LC‑MS) under long‑term and stress conditions, but the detailed chromatographic data

are not broken out publicly. [139] [136]

A technical note on “preventing elamipretide TFA degradation in solution” describes

forced‑degradation experiments and shows that peptide integrity is sensitive to pH and

counter‑ion (TFA vs acetate), but indicates that at acidic pH and low temperature the intact

peptide is largely preserved over days to weeks. [140]

Practical interpretation

For the clinical formulation (Forzinity), the strongest hard data are the validated in‑use
stability studies underpinning the “8‑day after first opening” instruction, which is the time

window in which chemical degradation and impurity formation stay within specification. [135]

[137]

For research‑grade SS‑31, suppliers generally recommend storing lyophilized powder frozen

and reconstituted solutions refrigerated or frozen and used within days to a few weeks,

reflecting similar expectations of reasonable short‑term chemical stability but without the

formal, published stability‑indicating data seen in the NDA package. [141] [142]



The 24‑week duration was chosen to give enough time to detect meaningful changes in walking

capacity and fatigue while keeping the placebo‑controlled phase practical and safe for a rare,

slowly changing disease.

⁂

For the elamipretide (Forzinity) approval in Barth syndrome, the primary efficacy endpoint used

for accelerated approval was improvement in knee extensor muscle strength, with functional

measures such as walking distance and fatigue as key supportive outcomes.

why did the trials that resulted in approval last 24
weeks

[157] [158] [159]

Design considerations for 24 weeks

MMPOWER‑3 and related PMM studies were explicitly designed as 24‑week randomized,

double‑blind, placebo‑controlled trials, with visits and primary endpoints (6‑minute walk test

and fatigue scores) scheduled at week 24 to capture medium‑term functional change. [160]

[159] [157]

FDA’s integrated review describes elamipretide exposures of roughly 24 weeks as the main

blinded efficacy dataset, with longer open‑label extensions mainly for safety and

exploratory durability, reflecting a standard pattern in chronic disease drug development.
[161] [158]

Why not shorter (or much longer)?

Earlier elamipretide trials in Barth syndrome and PMM used 12‑week double‑blind periods

and showed either no significant benefit at 12 weeks or signals that appeared only after

longer exposure, suggesting that muscle and cardiac remodeling may require more than

three months. [162] [163] [164]

For rare mitochondrial diseases, very long blinded placebo exposure (beyond about 6

months) is often considered difficult ethically and logistically, so the strategy has been: a

24‑week controlled phase to look for efficacy, followed by long open‑label extensions (up to

144–192 weeks) to track continued safety and gradual functional gains. [165] [161] [160]

What were the primary efficacy endpoints of the
approval trials

[177] [178] [179]

Primary efficacy endpoint (accelerated approval)

FDA’s “Other Review” document for NDA 215244 states that the indication is “approved

under accelerated approval based on an improvement in knee extensor muscle strength, an

intermediate clinical endpoint.” [179]

Knee extensor strength was measured by handheld dynamometry and treated as the main

biomarker of improved muscle function in Barth syndrome. [180] [181]



⁂

Across elamipretide (SS‑31) trials, “mitochondrial‑related” outcomes were assessed mainly

through functional tests of exercise capacity and muscle performance, plus a few direct or

indirect bioenergetic measures in selected studies.

⁂

Primary endpoints in the pivotal Barth trials

In the randomized phase of the TAZPOWER phase 2/3 Barth syndrome trial, the

protocol‑defined primary endpoints after 12 weeks were change from baseline in 6‑minute
walk test (6MWT) distance and total fatigue score on the Barth Syndrome Symptom

Assessment (BTHS‑SA). [182] [177] [180]

Longer‑term analyses (up to 36 weeks and beyond) then focused on sustained changes in

6MWT, BTHS‑SA fatigue, and knee extensor strength, along with cardiac function

measures, which collectively formed the efficacy package supporting approval. [183] [178] [177]

what other tests related to mitochondrial activity
were conducted in all trials

[196] [197] [198]

Functional and clinical endpoints

Primary mitochondrial myopathy (MMPOWER‑1/2/3) and related studies used 6‑minute walk

test distance, exercise tests, and validated fatigue instruments as key endpoints, reflecting

whole‑body consequences of mitochondrial ATP deficits. [199] [200] [196]

Barth syndrome trials (TAZPOWER and extension) added knee extensor strength, cardiac

stroke volume and output, and patient‑reported symptom/fatigue scores, all interpreted as

downstream readouts of mitochondrial bioenergetics and cardiolipin function. [201] [202] [198]

Direct mitochondrial bioenergetics measures

A dedicated aging trial in older adults measured in vivo mitochondrial ATP production rate

(ATPmax) in skeletal muscle using 31P‑MRS before and after a single 2‑hour elamipretide
infusion, showing a transient ~27% mean increase in ATPmax vs 12% with placebo. [203]

[204]

Preclinical and ex vivo human work around the clinical program also examined mitochondrial

respiration, reactive oxygen species, membrane potential, and cardiolipin composition, but

these were not routine endpoints “in all trials” and were typically confined to mechanistic or

laboratory studies. [205] [197] [201]



Across the elamipretide (SS‑31) clinical program, only a limited set of true “mitochondrial

biomarkers” were used, and not all were included in every trial. The list below pulls together

those explicitly reported.

While not molecular biomarkers, several endpoints are repeatedly used as functional proxies for

mitochondrial bioenergetic capacity:

⁂

List mitochondrial biomarkers measured across
the trials

Circulating or biochemical biomarkers

Fibroblast growth factor‑21 (FGF‑21), a stress‑induced myokine often elevated in

mitochondrial disease. [217] [218]

Glutathione (reduced/total), as a marker of redox status and oxidative stress. [218] [217]

Oxidative damage markers: urinary 8‑isoprostane and 8‑hydroxy‑2‑deoxyguanosine
(8‑OHdG). [217] [218]

Lipid / cardiolipin‑related biomarkers (Barth syndrome)

Monolysocardiolipin (MLCL). [219] [220] [221]

Mature tetralinoleoyl cardiolipin (L4‑CL). [220] [221] [219]

MLCL:L4‑CL ratio, the key biochemical signature of Barth syndrome and a

pharmacodynamic biomarker for elamipretide. [221] [219] [220]

Direct mitochondrial function measures

In vivo skeletal muscle ATP production rate (ATPmax) measured by 31P‑magnetic
resonance spectroscopy in older adults given a single IV infusion (not a registration trial, but

part of the human program). [222] [223]

Functional readouts closely tied to mitochondrial activity

6‑minute walk test distance and cardiopulmonary exercise parameters (peak O₂,

workload). [224] [225] [218]

Knee extensor muscle strength by dynamometry. [226] [227] [228]

Cardiac stroke volume, end‑diastolic and end‑systolic volumes, and related

echocardiographic or MRI measures in Barth syndrome. [229] [226] [219]



Here is a synthesized view of the main mitochondrial‑related biomarkers that were reported with

both baseline and post‑treatment values in human elamipretide studies.

Baseline vs post-treatment values of selected mitochondrial-related biomarkers in elamipretide

(SS-31) human studies (approximate mean values).

Biomarker Context / trial
Baseline

(approx)

Post‑treatment
(approx)

Direction of

change

FGF‑21 (pg/mL)
PMM dose‑escalation trial

(MMPOWER‑1) 
~650 ~640

Little to no

change

Urinary

8‑isoprostane
PMM dose‑escalation trial ~0.35

ng/mg Cr
~0.34 ng/mg Cr

Little to no

change

Urinary 8‑OHdG PMM dose‑escalation trial ~3.2 ng/mg

Cr
~3.1 ng/mg Cr

Little to no

change

MLCL:L4‑CL ratio
Barth syndrome (TAZPOWER +

extension) 
~5.0 ~3.5

Improved

(lower)

Skeletal muscle

ATPmax
Older adults IV study (31P‑MRS) ~0.80

mM/min
~1.02 mM/min

Increased

(~27%)

chart the various biomarkers with baseline and
results after treatment

[241] [242] [243] [244] [245]

[246]

Baseline vs post‑treatment biomarkers

[241] [247]

[241]

[247]

[241]

[247]

[242] [245] [246]

[243] [244]



⁂

In vivo 31P‑MRS studies suggest that skeletal muscle ATPmax is roughly 20–40% lower in

typical 60‑year‑olds than in healthy adults around 30, though exact values vary by muscle, sex,

and training status.

⁂

In older adults, ATPmax increased after a single intravenous infusion of elamipretide at 0.25

mg/kg/hour for 2 hours (total dose ≈0.5 mg/kg).

In primary mitochondrial myopathy, canonical circulating and oxidative stress biomarkers

(FGF‑21, 8‑isoprostane, 8‑OHdG) showed minimal group‑level change despite clinical

dosing. [241] [247]

In Barth syndrome, elamipretide consistently improved the pathological MLCL:L4‑CL
cardiolipin ratio, while in older adults with reduced muscle mitochondrial function, a single

infusion increased ATPmax, indicating enhanced in vivo ATP production. [242] [243] [244] [245]

[246]

What the skeletal muscle ATPmax be for a healthy
30 year old compared to a 60 year old

[248] [249] [250]

Approximate ATPmax levels by age

In cohorts of healthy younger adults (often 20–35 years), calf or hand muscle ATPmax

values commonly fall around 1.0–1.2 (arbitrary “relative” units or mM/min equivalents),

representing full mitochondrial oxidative capacity for that population. [251] [248]

In matched older groups (≈60–75 years), ATPmax typically clusters nearer 0.6–0.9 on the

same scale, reflecting an average decline on the order of one‑third, which aligns with the

lower baseline ATPmax seen in the older‑adult elamipretide trial before treatment. [252] [253]

[250]

Key caveats

Training status, muscle group tested, and disease burden can shift ATPmax more than age

alone, so a very fit 60‑year‑old may overlap with an untrained 30‑year‑old. [254] [255]

Studies generally report group means with wide ranges, so these numbers are best viewed

as typical population averages rather than fixed “normal” values for every person. [256] [257]

what dose and dose schedule of ss 31 increased
ATPmax in older subjects

[268] [269] [270]



⁂

Exact regimen

The MOTION phase 2 study in adults ≥60 with low baseline ATPmax randomized subjects

to elamipretide 0.25 mg/kg/h IV at 60 mL/h for 2 hours versus placebo. [270]

In this trial, one 2‑hour infusion produced an immediate mean ATPmax increase of about

27% in the elamipretide group vs 12% with placebo, measured in hand muscle by

31P‑MRS right after the infusion; the between‑group difference was no longer evident at day

7. [269] [271] [268]
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