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Supplementary Figure S1. (a) Phase contrast microscopy images of C2C12 myoblast cells
cultured in differentiation medium for the indicated times to induce an efficient differentiation
into myotubes. (b, c) TMRM fluorescent intensity obtained after treatment with 15 nM (b) or 25
nM (c) TMRM during the times indicated in the X axis, measured at one given time (t0) and 40
minutes after t0 (t40). (d) Fluorescence intensity of the indicated TMRM concentrations
expressed as the ratio between baseline without treatment (T0) and 30 minutes (T30) after
addition of 100nM FCCP. (e) Confocal images of total mitochondria (Mitotracker, in green) and
TMRM (in red) of differentiated C2C12 myotubes treated with 15 nM TMRM for 16 hours. Size
bar=20 µM. (f) TMRM fluorescent intensity after treatment with the indicated concentrations of
DMSO. (g) TMRM fluorescent intensity expressed as the ratio between baseline without
treatment (T0) and 30 minutes after treatment (T30) with the indicated concentrations of
FCCP. (h) Confocal images of TMRM (in red) of differentiated C2C12 cells prior to FCCP
treatment (top panel) and 30’ after treatment with 250 nM FCCP (bottom panel). Size bar=20
µM. (i) Z factor score with 16 replicates between baseline (0.1% DMSO) and 30 minutes after
the addition of the indicated concentrations of FCCP. (j) C2C12 myotubes stained with TMRM
were treated with the indicated concentrations of rosiglitazone, and TMRM fluorescence
intensity was recorded before (T0) and 30 minutes after (T30) treatment with rosiglitazone. (k-
m) Oxygen consumption rates (OCR) in differentiated C2C12 myotubes treated for 16 hours
with 30 µM of rosiglitazone (j), 1.3 µg/ml emodin (k) or 1.3 µg/ml mangostin (l) following the
sequential addition of oligomycin A (Oligo), FCCP and Rotenone/Antimycin A (Rot/AA) at the
indicated times (Mitostress Seahorse experiment). Small panels on the right represent the
spare respiratory capacity parameter of the complete Mitostress experiment. Bars represent
the average of the indicated replicates. Each dot in bar graphs represents an independent cell
sample. Error bars indicate the standard deviation. Statistical significance was assessed using
the two-tailed unpaired Student t test (b, c, k-m) or the one-way ANOVA with Tukey’s
correction for multiple comparisons (d, f, g). P values are indicated when P<0.05. Source data
are provided as a Source Data file.



Supplementary Figure S2. (a) Differentiated C2C12 myotubes were acutely treated with vehicle
(0.1% DMSO, D), 1.3 µg/ml harmol (H) or 30 µM rosiglitazone (R), and oxygen consumption rate
(OCR) was determined using Seahorse. A time-course of the OCR after these treatments is
shown in the panel to the right. (b-c) Quantification of the Western blots against pACC2/ACC2
shown in Figure 2a (b) or against pACC2/ACC2 shown in Figure 2b (c). (d) C2C12 myotubes
stained with TMRM for 16 hours were treated with harmol alone or together with chloroquine
(CQ) at the indicated concentrations for 30 minutes, and TMRM intensity was recorded before
(T0) and 60 minutes after (T60) treatment with harmol. (e) Quantification of the Westerns blots
against the Complex I subunit NDUFB8 or the Complex II subunit SDHB shown in Figure 2f. (f)
Differentiated C2C12 myotubes were treated with 1.3 µg/ml harmol, and myotube size was
measured at the indicated times after treatment. Bars and line-connected dots represent the
average of the indicated replicates. Dots in bar graphs (a, b-c, e-f) represent independent cell
samples. Error bars represent the standard deviation. Statistical significance was assessed
using the one-way ANOVA (a-c, e-f) or the two-way ANOVA (d) with Tukey’s correction for
multiple comparisons. P values are indicated when P<0.05. Source data are provided as a
Source Data file.
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Figure S3
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Supplementary Figure S3. (a) Differentiated C2C12 myotubes were treated with 0.1% DMSO
(D) or 1.3 µg/ml harmol for the indicated times, and whole protein lysates were analyzed by
Western blot for he indicated proteins. Band quantification is shown to the right. (b) Differentiated
C2C12 myotubes were treated with 0.1% DMSO, 1.3 µg/ml harmol or 1.3 µg/ml harmine, and
specific MAO-A activity was measured at the indicate times. (c) Amplitude of spontaneous
inhibitory currents (sIPSCs) events measured in mouse hippocampal slices (n=8 from 3 different
animals) before (B) and after treatment (A) with 1.3 µg/ml harmol. (d-e) Differentiated C2C12
myotubes (n=3) were treated for 30 minutes with the indicated concentrations of the GABAAR
antagonist bicuculline (d) or the GABAAR inverse agonist FG7142 (e), and mitochondrial
potential was measured by TMRM fluorescence. (f-g) Oxygen consumption rates (OCR) in
differentiated C2C12 myotubes treated for 16 hours with rasagilin (R, 2 µM), FG7142 (F, 1 µM)
the combination of R + F, or harmol (H, 1.3 µg/ml) following the sequential addition of oligomycin
A (Oligo), FCCP and Rotenone/Antimycin A (R/A) at the indicated times (Mitostress Seahorse
experiment). (h) ATP production was measured in C2C12 myotubes after treatment with 0.1%
DMSO (D) or 1.3 µg/ml harmol (H) for 16 hours, followed by treatment with 1 µM Rotenone and
1 µM Antimycin A (R/A) for 1 hour where indicated (grey bar). Bars and line-connected dots
represent the average of the indicated replicates. Dots in bar graphs (a, c, h) represent
independent cell samples.Error bars represent the standard deviation. Statistical significance
was assessed using the one-way ANOVA (a, h) or the two-way ANOVA (b) with Tukey’s
correction for multiple comparisons; or the two-tailed unpaired Student t test (c). P values are
indicated when P<0.05. Source data are provided as a Source Data file.
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Supplementary Figure S4. (a, b) Blood glucose levels at the indicated times (a) or b-
hydroxybutyrate (b-HB) levels 7 hours (b) after oral gavage administration of water, 100
mg/kg harmol or 10 mg/kg rosiglitazone. (c) Quantification of the Western blots shown in
Figure 4c of the indicated proteins in brain 7 hours after oral gavage administration of
vehicle (water, V), 100 mg/kg harmol (H) or 10 mg/kg rosiglitazone (R). (d-f) Western blots
of the indicated proteins in liver (d), brown adipose tissue (BAT, e) or gastrocnemius muscle
(f) 3 hours after oral gavage administration of vehicle (water, W), 100 mg/kg harmol (H) or
10 mg/kg rosiglitazone (R). Quantifications of the indicated proteins are shown in the bar
graphs to the right (n=5 for vehicle and harmol, and n=4 for rosiglitazone for each condition).
(g) Quantitative PCR experiment measuring the ratio between mitochondrial and nuclear
DNA (mt/nDNA) in the indicated tissues 3 hours after treatment from the same mice as
shown in (c-f). Bars and line-connected dots represent the average of the indicated
replicates. Dots in bar graphs (b-g) represent samples or measures from independent
animals. Each lane in Western blots (d-f) represents samples from independent
animals.Error bars represent the standard error of the mean. Statistical significance was
assessed using the two-way ANOVA (a) or the one-way ANOVA (c-g) with Tukey’s correction
for multiple comparisons; or the paired two-tailed Student t test (b). P values are indicated
when P<0.05. Source data are provided as a Source Data file.
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Supplementary Figure S5. (a, b) Water (a) and food (b) intake of the same mice shown in
Figure 5 during the treatment with vehicle (water, W), 100 mg/kg harmol (H) or 10 mg/kg
rosiglitazone (R). (c) Hemogram values obtained from the blood of the same mice described
in Figure 5 at the time of sacrifice. (d, e) Insulin tolerance test (d) and quantification of the
area under the curve (AUC) in the same mice described in Figure 5 at the end of the
treatment with the indicated compounds. (f, g) VO2 (f) and rearing activity counts (g) from
the indirect calorimetry study with the same mice from Figure 5. Average values (f) or total
rearing counts (g), divided in dark and night periods, are shown in the panels to the right. (h)
Representative images of hematoxilin and eosin staining of kidney sections of the same
mice described in Figure 5. Size bar=500µm (i) Quantification of the histological score using
the kidney sections stained with hematoxilin and eosin shown in (h). (j) Blood urea nitrogen
(BUN) measured at sacrifice in the mice described in Figure 5. (k) Western blot against
total myosin heavy chain (MHC) in protein extracts from soleus muscle of obese pre-diabetic
male mice treated with the indicated treatments. Band quantification is shown in the panel to
the right. (l) Fiber typing in soleus muscle cryosections stained with NADH solution from a
subset of the same mice shown in Figure 5. Black arrows: type I fibers. White arrows: type II
fibers. Size bar=100µm. Bars and line-connected dots represent the average of the
indicated replicates. Dots in bar graphs (c, e-g, i-l) represent samples or measures from
independent animals. Error bars represent the standard error of the mean. Statistical
significance was assessed using the two-way ANOVA (a, b, d); the one-way ANOVA (c, e-g,
k-l) with Tukey’s correction for multiple comparisons; or the unpaired two-tailed Student’s t
test (i, j). P values are indicated when P<0.05. Source data are provided as a Source Data
file.
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Supplementary Figure S6. Treatment with harmol extends lifespan and healthspan in
worms and flies. (a) Individual replicates of the Kaplan-Meier survival curves of WT C.
elegans worms treated with vehicle (DMSO, D) or 15 μg/ml harmol (H). (b-d) WT C. elegans
worms were treated with vehicle (DMSO, D) or 15 μg/ml harmol (H) from birth to the end of
their development, and analyzed for the indicated proteins by Western blot (b, band
quantification is shown in the graph to the right); for the expression of the trt-1 gene by qPCR
(c); or for the ratio of mitochondrial vs nuclear DNA (mt/nDNA, d). (e) Individual replicates of
the Kaplan-Meier survival curves of WT D. melanogaster flies treated with vehicle (DMSO, D)
or with 25 μg/ml harmol (H). (f)WT D. melanogaster flies were treated with vehicle (DMSO, D)
or 25 μg/ml harmol (H) for 2 weeks, and were then analyzed for the ratio of mitochondrial vs
nuclear DNA (mt/nDNA). (g-k) Individual replicates of the Kaplan-Meier survival curves of (g)
AMPK homologue aak-2 mutant worms treated with vehicle (DMSO, D) or 15 μg/ml harmol (H);
(h) C. elegans worms mutant for the GABAAR homologue unc-49 treated with vehicle (DMSO,
D) or 15 μg/ml harmol (H); (i) MAO homologues amx-1/2/3 triple mutant worms treated with
vehicle (DMSO, D), 15 μg/ml harmol (H), or with 1mM AICAR (A); (j) WT C. elegans worms
treated with vehicle (DMSO, D) or with a combination of 0.45 µg/ml selegiline and 6 µg/ml
FG7142; (k) WT D. melanogaster flies treated with vehicle (ethanol, EtOH) or with a
combination of 0.75 µg/ml selegiline (S) and 10 µg/ml FG7142 (F). (l) Viable/non-viable ratio of
GMC101 mutant C. elegans worms 1, 2 or 3 days after treatment with vehicle (DMSO, D),
15µg/ml harmol (H) or with a combination of 0.45 µg/ml selegiline (S) and 6 µg/ml FG7142 (F);
(m) Individual replicates of the Kaplan-Meier survival curves of parabss1 mutant D.
melanogaster flies treated with vehicle (ethanol, EtOH) or with a combination of 0.75 µg/ml
selegiline (S) and 10 µg/ml FG7142 (F). Dots in bar graphs (b-d, f) represent samples or
measures from independent animals. Statistical significance was calculated using the logrank
test (a, e, g-k, m); the unpaired two-tailed Student t test (b-d, f); or the Fisher’s exact test (l). In
Figure S6i, color codes indicate the precise curve being compared with vehicle control. Source
data are provided as a Source Data file.
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Supplementary Figure S7. Treatment with harmol delays aging and reduces frailty in
old mice. (a, b) Changes in total body weight (a); or in hanging endurance in the grid
hanging test, normalized by mouse body weight (b), in 2-year-old mice before (Pre) and
after (Post) treatment with 100 mg/kg harmol in the drinking water for 2 months. (c)
Quantification of total myosin heavy chain (MHC) WB in protein extracts from soleus muscle
of the 7 month-old water-treated mice on HFD shown in Figure 5 (Young W); 2 year-old mice
treated with water (Old W); or 2-year old mice treated with 100 mg/kg harmol (Old H). (d-f)
Cross-sectional area of soleus muscle fibers of a subset of the aged male mice shown in
(a), treated with water (vehicle, W) or 100 mg/kg harmol (H), was measured in cryosections
stained with H&E (representative examples shown in d) and quantified as gross fiber size (e)
or fiber size distribution (f). Size bar=100µm. (g) Fiber typing in soleus muscle cryosections
stained with NADH solution from mice treated with water (vehicle, W) or 100 mg/kg harmol
(H). Black arrows: type I fibers. White arrows: type II fibers. Size bar=100µm. (h)
Quantification of the proportion of fibers shown in (g). Dots represent samples or measures
from independent animals. Statistical significance was calculated using the two-way ANOVA
test with Tukey’s correction for multiple comparisons (a, b, h); the one-way ANOVA test with
Tukey’s correction for multiple comparisons (c); or the unpaired two-tailed Student t test (e).
P values are indicated when P<0.05. Source data are provided as a Source Data file.
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Supplemental Table 1. PAMPA-BBB-based determination of permeability to the 
blood-brain barrier. 

 

 Harmol Harmine Norharmane Serotonin 

LogPe -4.01 -4.83 -3.94 -4.72 

R(%) 54.50 92.29 71.64 4.80 

Ca(t)/Cd(0) (%) 24.64 6.17 26.29 7.72 

 



Supplementary Table 2. LC-MS/MS conditions for determination of harmol and 

harmine-d3. 

Compound Retention 

time (min) 

Precursor 

ion 

Cone 

voltage (V) 

Product 

ion 

Collision 

energy (eV) 

Harmol 4.43 199.2 30 77.0 40 

    103.0 35 

    131.0 35 

    171.0 30 

    184.1 30 

Harmine-d3 6.47 216.1 30 144.0 35 

    169.0 45 

    170.0 30 

    198.0 25 

 

 


