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ethylene glycol poisoning.

Introduction
Urine oxalate excretion is low (normal value <0.5 mmol/day in
humans) but its affinity for calcium ions make it a major promoter
of calcium oxalate crystals and kidney stone formation (1). Calcium
oxalate precipitation in kidney tubules is particularly fateful when
it results from acute intoxication by ethylene glycol or from genetic
disorders (2, 3). Actually, primary hyperoxaluria is a rare but severe
genetic enzymatic defect that increases glyoxylate and oxalate
hepatic production. Oxalate precipitates in kidney tubules, leading
to end-stage kidney disease and poor prognosis in young patients.
Oxalate is produced in the liver from glyoxylate transfor-
mation by lactate dehydrogenase type 5 (LDH5) isoenzyme and
excreted in urine, with little biological control (4). To date, there
is no drug that reduces oxalate production by the liver. In 2015,
Sada et al. demonstrated that stiripentol targets lactate production
by LDHS5 isoenzymes in neurons in vitro (5). Stiripentol is a safe
drug that has been used for years in addition to other antiepileptic
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Increased urinary oxalate excretion (hyperoxaluria) promotes the formation of calcium oxalate crystals. Monogenic diseases
due to hepatic enzyme deficiency result in chronic hyperoxaluria, promoting end-stage renal disease in children and young
adults. Ethylene glycol poisoning also results in hyperoxaluria, promoting acute renal failure and frequently death. Stiripentol
is an antiepileptic drug used to treat children affected by Dravet syndrome. It has been shown to inhibit neuronal lactate
dehydrogenase 5 enzyme. As this isoenzyme is also the last step of hepatic oxalate production, we hypothesized that
stiripentol would potentially reduce hepatic oxalate production and urine oxalate excretion. In vitro, stiripentol decreased

the synthesis of oxalate by hepatocytes in a dose-dependent manner. In vivo, oral administration of stiripentol significantly
reduced urine oxalate excretion in rats. Stiripentol protected the kidneys against calcium oxalate crystal deposits in acute
ethylene glycol intoxication and chronic calcium oxalate nephropathy models. In both models, stiripentol significantly
improved renal function. Patients affected by Dravet syndrome and treated with stiripentol had a lower urine oxalate
excretion than control patients. A young girl affected by severe type | hyperoxaluria received stiripentol for several weeks, and
urine oxalate excretion decreased by two-thirds. Stiripentol is a promising potential therapy against genetic hyperoxaluria and

drugs to target seizures in Dravet syndrome, a rare form of epilep-
sy affecting young children (6, 7). We hypothesized that stiripentol
could also inhibit hepatic LDH5 isoenzymes and oxalate produc-
tion by the liver, and thereby decrease urinary oxalate excretion.

Results

Stiripentol decreases LDH-mediated oxalate synthesis by hepatocytes
in vitro. To investigate whether stiripentol could decrease hepatic
oxalate production, hepatocytes (HepG2 cells) were grown in vitro
in hydroxyproline-enriched cell culture medium (Figure 1A). The
exposure of hepatocytes to stiripentol concentrations at therapeu-
tic levels (5-100 pg/ml) resulted in a dose-dependent and signifi-
cant decrease in oxalate production (P = 0.03, n = 4 experiments,
Figure 1A). To confirm the implication of LDH5 isoenzyme, we
performed siRNA experiments targeting LDHA mRNA (LDHA is
the subunit of LDH5). siRNA suppressed 60% to 70 % of LDHA
mRNA and significantly decreased oxalate production (P = 0.03,
n = 4 experiments, Figure 1B). The addition of 10 pg/ml stiripen-
tol to siRNA mildly decreased oxalate production by HepG2 cells,
suggesting that most of oxalate synthesis was actually due to
LDHS5 isoenzyme activity (Figure 1B).

Stiripentol decreases urine oxalate excretion in rats. To assess
whether stiripentol would also efficiently reduce urine oxalate
excretion in vivo, 6 rats received 200 mg/kg/day stiripentol orally
for 48 hours. Urine oxalate/creatinine excretion decreased slightly
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but significantly from 0.16 + 0.01 mmol oxalate/mmol creatinine
before treatment to 0.11 £ 0.01 mmol oxalate/mmol creatinine
(P = 0.002). After a 4-day wash-out period, urine oxalate excre-
tion was similar to baseline values (Figure 1C).

Stiripentol protects against ethylene glycol poisoning. Ethylene
glycol is metabolized to oxalate and promotes calcium oxalate
tubular precipitation. Six rats were exposed to ethylene glycol
alone and 6 rats received both ethylene glycol and stiripentol
simultaneously at a dose of 300 mg/kg (and stiripentol in drink-
ing water for the next 2 days). Animals were sacrificed 2 days
after ethylene glycol poisoning. Animals exposed to ethylene gly-
col alone were oliguric, but a small amount of urine was collect-
ed at the time of the sacrifice to perform urine crystal analysis.
Crystalluria revealed a large number of calcium oxalate mono-
hydrate (COM) crystals in both groups and to a lesser extent cal-
cium oxalate dihydrate crystals (COD), but the mean crystalline
volume was 20 times lower in animals receiving stiripentol (9467
+ 2259 pm?/mm? versus 201766 * 95023 um?/mm?3, P = 0.004,
Figure 2, A and B). The kidneys of rats exposed to ethylene gly-
col alone were pale and voluminous with a mean weight of 1.31
1 0.11 g, whereas kidneys from animals also receiving stiripentol
had a usual red/brown aspect and normal weight at 0.85+0.02¢g
(P = 0.004, Figure 2C). Stiripentol protected rats against eth-
ylene glycol-induced renal failure (mean serum creatinine 78.2
*9.6 umol/1 versus 297.1 + 74.4 ymol/l, P= 0.002, Figure 2G).

The other biological features are depicted in Table 1, showing
that animals receiving stiripentol had a trend toward lower met-
abolic acidosis (less decreased bicarbonate serum levels), and a
significantly lower serum anion gap, the consequence of lower
circulating oxalate levels in this context of ethylene glycol poison-
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Figure 1. Inhibition of oxalate synthesis by stiripentol in vitro and in vivo.
(A) HepG2 cells were grown in a hydroxyproline-enriched medium to produce
oxalate (red bars). Oxalate synthesis (mM) was reduced in a dose-dependent
manner when stiripentol was added to the medium. *P = 0.03, n = 4 exper-
iments. (B) siRNA targeting LDHA reduced significantly oxalate synthesis
and the addition of 10 pg/ml stiripentol to SIRNA reduced mildly oxalate
synthesis, suggesting that oxalate synthesis is mostly performed by LDHS5.
**p = 0.03 versus control, n = 4 experiments. (C) Stiripentol given orally for 2
days significantly reduced urine oxalate excretion. *P = 0.002, n = 6 animals.
After wash-out, urine oxalate excretion was restored. Data are mean + SEM.
Mann-Whitney tests (B and €) and Kruskall-Wallis with Dunn’s multiple
comparison tests (A) were used to compare the different groups.

ing. The morphometric analysis of kidney tissues confirmed that
stiripentol significantly decreased calcium oxalate crystal deposi-
tion in kidneys (P = 0.002, Figure 2, D-F). These deposits were
stained by Yasue coloration (revealing calcium oxalate crystals)
and the analysis of kidney tissue by Fourier transform infrared
spectroscopy (FTIR) confirmed that crystalline deposits in renal
tubules were made exclusively of COM (Figure 2, H and I).
Stivipentol protects against calcium oxalate nephropathy. Six-
teen Sprague Dawley rats received hydroxyproline and calcium in
drinking water for 16 days to induce calcium oxalate nephropathy.
Eight of these rats received stiripentol orally by gavage once a day
for 16 days. Urine oxalate excretion increased in both groups after
exposure to hydroxyproline but urine oxalate was significantly
lower in animals receiving stiripentol in addition to hydroxy-

Table 1. Serum parameters after ethylene glycol intoxication

Serum parameters

EG EG + stiripentol Pvalue
Creatinine, umol/I 2971+166.3 781+ 214 0.009
Bicarbonate, mmol/I 177415 208 +5.6 0.15
Potassium, mmol/| 6.5+24 48+13 0.07
Sodium, mmol/| 1376 +4.7 1474 +3.7 <0.001
Chloride, mmol/I 93+79 1076 +9.3 <0.001
Serum anion Gap, mmol/I 33.5+111 23.7+122 0.04

Serum parameters at day 2 after ethylene glycol intoxication (n = 6 animals/
group). Data are mean + SD. Student bilateral t tests (assuming Gaussian
distribution of biological values) were performed. EG, ethylene glycol.
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Figure 2. Stiripentol protects against ethylene glycol intoxication. (A) Representative crystalluria showing the presence of calcium oxalate monohydrate
crystals (black arrow) and to a lesser extent calcium oxalate dihydrate crystals (white arrow) in urine. Original magnification, x400. (B) Mean crystal-

line volume in urine was significantly lower in animals receiving stiripentol in addition to ethylene glycol (EG + stiripentol, red squares) than in animals
receiving ethylene glycol alone (EG, black circles). *P = 0.004, n = 6 animals/group). (C) The weight of kidneys from rats exposed to ethylene glycol only
was increased when compared with kidneys from rats treated by stiripentol. *P = 0.004, n = 6). (D-F) Kidney crystalline accumulation was prevented by
stiripentol. **P = 0.002, n = 6. (G) Stiripentol protected rats against ethylene glycol-induced renal failure. **P = 0.002, n = 6. (H) Crystalline deposits were
stained by Yasue coloration, evidencing their calcic nature. (1) Fourier transform infrared spectroscopy revealed the exclusive presence of COM among tubu-
lar deposits. Data are mean + SEM. Mann-Whitney tests were used to compare the different groups. Original magnification E, F, H, x200.

proline and calcium (P = 0.0002 at day 8, P = 0.0019 at day 11,
P =0.0002 at day 15, Figure 3A). Crystalluria revealed the pres-
ence of calcium oxalate crystals in both groups, but the mean
crystalline volume was significantly lower in animals treated by
stiripentol (P= 0.015 at day 8, P=0.007 at day 15, Figure 3B). FTIR
analysis revealed the presence of sparse deposits of COM crystals
in renal tubules. Kidney morphometric analysis demonstrated
that stiripentol significantly decreased calcium oxalate deposits in
kidney tissues (P = 0.004, Figure 3, C-E). Renal function was less
altered in animals receiving stiripentol (P = 0.028, Figure 3F). In
parallel, urine glycolate excretion increased in both groups, but it
increased significantly more in rats exposed to stiripentol (at days
2 and 8), suggesting that stiripentol actually inhibits the transfor-
mation of glyoxylate into oxalate (Figure 4).

Stiripentol decreases urine oxalate excretion in humans. To assess
whether stiripentol would efficiently reduce oxalate synthesis in
humans, urine oxalate excretion was assessed in children affect-
ed by Dravet syndrome who required stiripentol treatment (n =
8, median age 6 years) and in children of similar age affected by

cystinuria who are kidney-stone formers whose stones are not due
to oxalate (control group, n = 40, median age 7.5 years). Urine oxa-
late excretion was significantly decreased in patients affected by
Dravet syndrome, suggesting that stiripentol lowers urine oxalate
excretion, even when urine oxalate concentrations stand within
normal range (P = 0.002, Figure 5A).

A 17-year-old girl affected by severe type I hyperoxaluria
(homozygous AGXT mutation ¢.349-350 insG), and followed
by the pediatric nephrology department of Robert Debré Hos-
pital (Paris, France), received stiripentol to reduce urine oxalate
excretion. Her renal function was still normal in the absence of
an acute episode (serum creatinine 65 pmol/l, estimated glomer-
ular filtration rate 88 ml/min/1.73 m?), but she was exhausted by
recurrent colic nephritis (about once a month), repeated urologi-
cal procedures, and pyelonephritis. Urine oxalate/creatinine ratio
was about 0.18-0.20 mmol oxalate/mmol creatinine. Her brother,
affected by the same disease, had a rapid decrease in renal func-
tion and was treated with combined liver-kidney transplantation.
Considering the evolution of the disease, in accordance with the
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Figure 3. Stiripentol protects against calcium oxalate nephropathy. (A) Urine oxalate excretion was increased by hydroxyproline-enriched diet, and the
daily administration of stiripentol (red bars) protected partly against hyperoxaluria. *P = 0.0002 at days 8 and 15, **P = 0.0019 at day 11; n = 8 animals/
group. (B) Daily stiripentol also reduced urine crystalline volume. *P = 0.015 at day 8, *#P = 0.007 at day 15; n = 8 animals/group. (C-E) Kidney crystal
deposits were reduced by stiripentol. P = 0.004, n = 8 animals/group. (F) Stiripentol protected rats against hydroxyproline-induced renal failure.

P =0.028, n = 8 animals/group. Hydroxyproline + stiripentol, red squares; hydroxyproline, black circles. Data are mean + SEM. Mann-Whitney and
Kruskall-Wallis with Dunn’s multiple comparison tests were used to compare the different groups.

medical team and after parental agreement, stiripentol was intro-
duced at a half-dose (25 mg/kg/day) and urine oxalate excretion
decreased rapidly (Figure 5B). A further decrease in urine oxalate
excretion was observed when stiripentol therapy was increased to
50 mg/kg/day (urine oxalate/creatinine ratio: 0.068 mmol oxa-
late/mmol creatinine), without identified side effects (Figure 5B).

Discussion
This study shows that stiripentol, an antiepileptic drug, decreases
oxalate synthesis by hepatocytes through LDHS5 isoenzyme inhibi-
tion, and blunts urine oxalate excretion in murine models, protecting
against ethylene glycol poisoning and calcium oxalate nephropathy.
The exposure of hepatocytes to stiripentol in vitro at a thera-
peutic concentration (5 to 100 pg/ml) resulted in a dose-depen-
dent and significant decrease in oxalate production (P = 0.03). As
a matter of comparison, the recommended dose of stiripentol in
Dravet syndrome is usually 1000-3000 mg/day in children, giv-
ing serum levels of 4-22 pg/ml (6, 7). As the drug has high first
pass metabolism in the liver, it may even be hypothesized that rel-
atively low doses of stiripentol could inhibit hepatic LDH activity
efficiently without significant inhibition of systemic LDHS5 isoen-
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zymes. We provide evidence that stiripentol is actually efficient
to reduce urine oxalate excretion in epileptic patients affected by
Dravet syndrome but also in children affected by primary hyper-
oxaluria. These results support the hypothesis that stiripentol at
the usual dose could be an effective treatment against ethylene
glycol intoxication and primary hyperoxaluria.

Ethylene glycol is present in antifreeze and is a frequent cause
of poisoning, causing more than 5000 intoxications in the United
States each year (2). Its toxicity depends mainly on its transfor-
mation into oxalic acid by the liver, which precipitates as calcium
oxalate in the kidneys, promoting acute renal failure and acido-
sis. Ethylene glycol is first metabolized to glycolaldehyde by the
enzyme alcohol dehydrogenase, and then undergoes oxidation
to glycolate, glyoxylate, and at last oxalate. To date, the specific
treatment of ethylene glycol poisoning is fomepizole or 4-meth-
ylpyrazole, a competitive inhibitor of alcohol dehydrogenase in
the liver (8). The use of stiripentol as a therapy against ethylene
glycolintoxication would be of interest since it acts downstream of
the metabolic pathway and could therefore still be efficient after
a relatively long period following intoxication, even when high
amounts of glycolaldehyde have already been produced.
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Figure 4. Urine glycolate excretion was increased by a hydroxyproline-
enriched diet in rats. At day 2 and day 8 glycolate excretion was signifi-
cantly more increased in animals exposed to stiripentol than in controls.
*P =0.049 and **P = 0.004, respectively; n = 8 animals/group. Hydroxy-
proline, black circles and empty bars; hydroxyproline + stiripentol, blue
squares and bars. Data are mean + SEM. Kruskall-Wallis with Dunn’s
multiple comparison tests was used to compare the different groups.

Blocking oxalate synthesis could be of particular interest in pri-
mary hyperoxaluria, a genetic enzymatic defect resulting from a
mutation of AGXT, GRHPR, or HOGAI genes, increasing glyoxyl-
ate hepatic production which is finally transformed into oxalate by
LDHS5 (3). Oxalate precipitates in renal tubules, leading to end-stage
kidney disease in children and young adults with high morbidity
and mortality. The genetic defect may be cured by a liver transplant,
but this disabling therapy is usually performed as a combined liver-
kidney allograft when end-stage renal disease occurs (9). There is
currently no drug decreasing oxalate production by the liver with the
exception of pyridoxine, which may lower urine oxalate excretion in
some cases of type I hyperoxaluria. Administration of hydroxypro-
line to rats is a classic animal model of hyperoxaluria inducing cal-
cium oxalate nephropathy by increasing hepatic oxalate production
as the result of mitochondrial hydroxyproline metabolism (10). This
nephropathy is characterized by calcium oxalate intratubular crystal
deposits similar to those observed in primary hyperoxaluria (10). The
protection against calcium oxa-
late nephropathy in this mod-
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proate and clobazepam). Actually, stiripentol interacts with sev-
eral P450 cytochromes (6). Fortunately, children affected by pri-
mary hyperoxaluria are not supposed to receive drugs other than
pyridoxine and potassium citrate.

In summary, stiripentol, a potent LDH5 enzyme inhibitor, limits
oxalate production by human hepatocytes in vitro and in rats in vivo
when used at therapeutic levels. Oral administration of stiripentol
protects rats against ethylene glycol poisoning and oxalate nephrop-
athy. The drug brings new hope to prevention of the renal and sys-
temic consequences of primary hyperoxaluria, a disease associated
with a dramatic morbidity and mortality, and to the treatment of
ethylene glycol poisoning. The safety profile of stiripentol and its
preliminary results in children make it deserving of clinical studies.

Methods

Cell culture

Cells from HepG2, a hepatoma human cell line (Sigma-Aldrich), were
grown in DMEM (Gibco, Invitrogen) supplemented with 10% FBS
(Gibco), 1% glutamine, 4.5 g/1 glucose, and 50 U/ml penicillin/strep-
tomycin (Gibco). HepG2 cell medium was supplemented with 10 mM
hydroxyproline to induce oxalate production as previously described
(11) and with various concentrations of stiripentol (5-100 pg/ml,
Sigma-Aldrich) for 24 hours. To modulate LDH-A expression, HEpG2
cells were transfected with siRNA targeting the LDHA human gene, 4
siRNAs for Entrez gene 3939: FlexiTube siRNA functionally verified
S102663535 and SI00300622; FlexiTube siRNA SI104949616 and
S104949609; or positive (silencing) control siRNA Mm/Hs MAPKI or
control siRNA SI03650318 (both from Qiagen). Briefly, HepG2 cells
were seeded in 100-mm Petri dishes at a density of 4 x 10° cells/Petri
dish in 10 ml DMEM and 10% FBS and directly transfected with 5 nM
siRNA through the use of 40 pl HiPerFect transfection reagent (Qiagen).
Twenty-four hours after transfection, cells were stimulated for 24 hours
with hydroxyproline (10 mM) with or without stiripentol (10 pg/ml).
Cells were then lysed in RLT, and RNA was isolated with an EZ-10 Spin
Column Kit (Proteogenix) and reverse transcribed with a First-Strand
cDNA Synthesis Kit (Thermo Fisher Scientific). cDNA was amplified
on a Light Cycler 480 system (Roche) using SYBR Green (Roche) and
specific primers for LDHA (5'- TCTCTGTAGCAGATTTGGCAGA-3'
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Figure 5. Stiripentol decreases urine oxalate excretion in humans. (A) Urine oxalate excretion (indexed to

ability), and in some rare cases
neutropenia. Most side effects
disappear when the dose of
comedication is decreased (val-

creatinine, mmol oxalate/mmol creatinine) was lower in children affected by Dravet syndrome and treated with
stiripentol than in controls (i.e., children affected by cystinuria). *P = 0.002; Dravet + stiripentol, red squares, n = 8;
controls, black circles, n = 40). Mann-Whitney test was used to compare the 2 groups. (B) Urine oxalate excretion
(indexed to creatinine, mmol oxalate/mmol creatinine) was measured before and after stiripentol therapy (25 mg/
kg/day and 50 mg/kg/day) in a young girl affected by type | primary hyperoxaluria.
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and 5'-AAGACATCATCCTTTATTCCGTAAA-3'), MAPKI (5'-TCTG-
CACCGTGACCTCAA-3' and 5'-GCCAGGCCAAAGTCACAG-3'), and
GAPDH (5'-TCCACTGGCGTCTTCACC-3' and 5-GGCAGAGAT-
GATGACCCTTTT-3') as housekeeping gene.

Animals

Effect of stiripentol on urine oxalate excretion. Six-week-old Sprague-
Dawley male rats were purchased from Harlan Laboratories. All
efforts were made to reduce animal suffering. Mice were housed in
similar conditions (3 rats/cage) with a 12-hour dark/light cycle and fed
ad libitum on standard rat chow.

Rats received 200 mg/kg stiripentol (Diacomit, Biocodex) twice
orally by gavage, and urine samples were collected before treatment,
48 hours after treatment initiation and after a wash-out period.

Ethylene glycol intoxication protocol. Six 8-week-old Sprague-Daw-
ley male rats (control group) received one 6 g/kg dose of ethylene
glycol by gavage (batch no. SHBG0526V, Sigma-Aldrich). Six rats
(stiripentol group) received 6 g/kg ethylene glycol orally and 300 mg/
kg stiripentol by gavage at the same time. Rats in the stiripentol group
had free access to water containing 4 g/l stiripentol, whereas rats from
the control group had free access to water without stiripentol. All ani-
mals were sacrificed 48 hours later.

Oxalate nephropathy protocol. Sixteen 8-week-old Sprague-Dawley
male rats had free access to water containing 2 g/1 calcium (calcium chlo-
ride) and 20 g/1 hydroxyproline (batch no. 090289, Interchim SA) for 16
days. Eight of the mice received 300 mg/kg stiripentol daily by gavage
for 16 days. Environmental enrichment was routinely performed. All ani-
mal procedures were performed in accordance with the European Union
Guidelines for the Care and Use of Laboratory Animals and in accor-
dance with local Institutional Animal Care and Use Committee (“comité
d’éthique en experimentation Charles Darwin C2EA-05") guidelines.

Biological samples and biochemistry

Ethylene glycol intoxication protocol. A sample of urine was collected
before protocol and at the time of sacrifice in the acute model of eth-
ylene glycol poisoning, to assess crystalluria. A blood serum sample
was collected before protocol and at the time of sacrifice. The blood
samples were analyzed for creatinine by enzymatic assay, bicarbon-
ate, sodium, chloride, and potassium to assess renal function and
acidosis, using an iSYS analyzer (Immunodiagnostic Systems) and
an ABL815 (Radiometer).

Oxalate nephropathy protocol. Urine was collected before the pro-
tocol and at days 2, 4, 8, 11, and 15 for 24 hours from mice in metabolic
cages with free access to water (enriched in calcium and hydroxypro-
line), to assess urine oxalate excretion. Fresh urine was collected after
spontaneous voiding to perform crystalluria before the protocol and at
days 4, 8, 11, and 15, immediately before the 24-hour urine collection.
The number, size, and type of crystals were analyzed by trained tech-
nicians to measure the mean crystalline volume (12). Blood (1 ml) was
collected at the time of sacrifice to measure renal function.

Oxalate urinary excretion in humans. A single urine sample was
collected from patients in Necker Hospital (Paris, France) who were
affected by Dravet syndrome, after parental informed and written
consent and ethical committee authorization (no. ID-RCB 2016-
A01032-49). Urine oxalate excretion in patients affected by cystin-
uria was obtained from the Tenon hospital (Paris, France) database
(CNIL declaration number 1709404 v0). Urine oxalate was routinely
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assessed in all kidney stone formers. Urine oxalate excretion in the
patient affected by primary hyperoxaluria was collected prospectively
before and after stiripentol therapy.

Creatinine was analyzed by enzymatic methods (blood) and Jaffe
method (urine) on an iSYS analyzer (Immunodiagnostic Systems).
Oxalate and glycolate urine levels were measured by ion chromatog-
raphy (Dionex ICS-3000).

Histology, Yasue staining, and morphometry

Kidney tissues were fixed in AFA and formalin and embedded in paraffin.
Tissue sections (4 um) were stained by Yasue procedure to reveal tissue
calcifications. A morphometric analysis of calcified tissue surface was
performed with the Image J software (NIH) on 5 photographs at x200
magnification by using polarized light to reveal crystalline deposits.

RFTIR spectroscopy

Microcalcification phases were characterized using pFourier Trans-
form InfraRed spectrometry. Tissue sections (4 um) were deposited on
low emission microscope slides (MirrIR, Keveley Technologies, Tienta
Sciences). FT-IR hyperspectral images were recorded with a Spectrum
spotlight 400 FT-IR imaging system (Perkin Elmer Life Sciences) with
a spatial resolution of 6.25 pm and a spectral resolution of 8 cm™. The
spectra were recorded in the 4000-700 cm™ mid-InfraRed range.
Each spectral image, covering a substantial part of the tissue, consist-
ed of'about 30,000 spectra.

Statistics

Data are shown as mean *+ SEM (figures) and mean * SD (tables).
Mann-Whitney and Kruskall-Wallis with Dunn’s multiple comparison
tests were used to compare the different groups, with the exception
of serum parameters compared with bilateral ¢ tests, using Prism and
Statview softwares. The level of significance was set to less than 0.05.

Study approval

For animal studies, a specific authorization was obtained from the
French Research Ministry and from the university ethical committee
(no. 5110 2016042012069009 v2). For human studies, a specific
authorization was obtained from the Comité de Protection des Per-
sonnes (CPP) d’Ile de France (no. ID-RCB 2016-A01032-49).
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