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Dose response experiments 
In dose-response experiment, several concentrations of ozone, ranging from 0.1 to 0.8 ppm were 
tested. Rats were exposed overnight as described above. Rats were fasted during the exposure but had 
free access to water. 
 
Sub-chronic exposure to ozone 
Rats were accustomed to the new environmental condition by placing them in the chamber 2 days 
prior to the O3 exposure. Ozone rats were exposed to 0.25 ± 0.04 ppm of O3, for 12 h per day during 
the night-time for 4 days. Food and water were daily changed during the non-exposure period. 
 
Insulin stimulation and tissue dissection 
At the end of O3 exposure, rats were randomly assigned to receive either saline or insulin (0.75 UI.kg-1 
BW, i.p.) 30 min before sacrifice. Animals were anesthetised with sodium pentobarbital (60 mg/kg ip), 
blood (~ 5 mL) was collected through puncture of vena cava on heparinized syringe and centrifuged 2 
min at 8000 g. Plasma samples were snap frozen in liquid nitrogen and stored at -80°C until analysis. 
Lungs, liver, retroperitoneal white adipose tissue and gastrocnemius muscle were dissected out 
according to anatomical landmarks, snap frozen in liquid nitrogen and stored at -80°C. 
 
Intraperitoneal insulin tolerance test (ipITT): anti-lipolytic action of insulin 
After overnight fast and, O3 or clean air exposure, animals were injected intraperitoneally with 0.50 
UI.kg-1 BW of recombinant human insulin. Plasma NEFA were measured (NEFA-C, Wako) during the ITT 
as an index of the anti-lipolytic activity of insulin on white adipose tissue. 
 
Pyruvate tolerance test  
After an overnight fast and, O3 or clean air exposure, animals were injected intraperitoneally with 
sodium pyruvate (1g/kg body weight). Blood glucose was measured before and 15, 30, 60 and 120 
minutes after injection. Blood glucose values were determined from a drop of blood sampled from the 
terminal portion of the tail using a glucometer. 
 
Glutathione assay in gastrocnemius muscle. 
Reduced (GSH) and oxidized (GSSG) glutathione pools were assayed in muscle using a commercially 
available kit from BioVision (Clinisciences, Montrouge, France) and normalized by the protein 
concentration in samples. Results were expressed as the ratio of reduced to oxidized glutathione 
(GSH/GSSG ratio). 
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Supplementary Figure 1. Short term O3 exposure induces glucose intolerance. Each animal serves as 
its own control in order to minimize inter-individual variations. Immediately after clean air or ozone 
(0.8 ppm, 16h) exposure intravenous glucose tolerance tests (GTT) were conducted in awake and 
unrestrained rats. (A) Evolution of plasma glucose level and glucose AUC. (B) Evolution of plasma 
insulin level and insulin AUC. Note that ozone exposed rats were glucose intolerant but that glucose 
induced insulin secretion was preserved. Results are mean ± SEM for n=6, *P<0.05, **P<0.01, 
***P<0.005. 
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Supplementary Figure 2. Exposure to O3 does not impair insulin signaling pathways in liver and white 
adipose tissue. Rats were exposed to clean air or ozone (0.8 ppm, 16h) as described in methods. Rats 
were stimulated with insulin (0.75 UI/kg ip) prior to sacrifice and insulin-induced phosphorylation of 
PKB/Akt was measured in (A) retroperitoneal white adipose tissue (rWAT) and (B) liver. (C) Hepatic 
glucose production was estimated using intraperitoneal pyruvate challenge (1g/kg ) in fasting rats. (D) 
Anti-lipolytic effect of insulin was measured as the decrease in plasma concentration of NEFA following 
insulin injection (0.5 UI/kg ip). All results are mean ± SEM (n=6). *p<0.05, significant difference 
between control and insulin stimulated conditions. No difference between control and ozone-exposed 
rats was found to be significant. 
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Supplementary Figure 3. Ozone induces insulin resistance from a concentration 0.3 ppm. Rats were 
exposed overnight to clean-air or ozone at concentrations ranging from 0.1 to 0.8 ppm. (A.) Baseline 
plasma glucose concentrations. The boxes indicate the range (i.e. min to max) and the line indicate the 
mean for n=5-8 animals. Dashed line indicates the level of controls. (B.) Plasma glucose decrease 
during insulin tolerance test (0.5 UI/kg) for n=5-8 animals. Different letters indicate a significant 
difference at the P<0.05 level. 
 

 
 
Supplementary Figure 4. Cell viability of C2C12 myotubes incubated with control or ozone BALF.  
Cells seeded in 96-well plates were treated with clean air (open circles) or ozone (solid squares) BALF 
at indicated concentrations for 30 minutes. Viability was determined via 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) test. Results are mean ± SEM for n=8 in each group. Results 
were compared using one-way ANOVA, ***P<0.005. Note that incubation with 10% (v/v) BALF did not 
alter cell viability and was thus chosen to perform incubation described in this study. 
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Supplementary Figure 5. Plasma from ozone exposed rats disrupts insulin signaling pathways in 
C2C12 myotubes. C2C12 myotubes were incubated for 30 min with decomplemented plasma (10%) 
from control or O3 rats and stimulated by 100 nM insulin for 20 min. The insulin signaling pathway was 
explored by Western Blotting. O3 plasma inhibits serine phosphorylation of PKB/Akt (A) and triggers 
phosphorylation of JNK (B) Data are mean ± SEM for n=5, ns=non significant, *p <0.05, **p<0.01, 
***p<0.005. 
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Supplementary Figure 6. Antioxidant status in gastrocnemius muscle of control and ozone rats 
supplemented with NAC. 
Antioxidant status was estimated by measurement of oxidized/reduced glutathione ratio in 
gastrocnemius muscle from ozone and control rats supplemented for 10 days with N-acetyl-Cysteine 
(NAC, 225 mg/kg/day) in drinking water. Data are mean ± SEM for n=8 in each group. GSH, reduced 
glutathione, GSSG, oxidized glutathione. Different letters indicate a significant difference at the P<0.05 
level. 
 

 
 
Supplementary Figure 7. Ozone toxic mediators could be secondary products of ozone reaction with 
lung surfactant. BALF were collected on control rats, cells were pelleted at 8000 g for five min, 
supernatants were removed and exposed in vitro to ozone (0.8 ppm) for 16h. Ser(437)-phosphorylation 
of PKB/Akt was studied by western blotting on C2C12 myotubes incubated 30min with control or in 
vitro ozoned BAL (A). TBARS were measured in BALF before (control) and after (O BAL) in vitro 
exposition to ozone (B). Abbreviations: O BAL, Ozoned bronchoalveolar lavage. 
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Supplementary Table 1. Primer sequences used for analysis ER stress gene expression in rat gastrocnemius muscle 
 

Protein  Protein Name Gene ID Forward Primer Reverse Primer 

TBP TATA box binding protein tbp TGGTGTGCACAGGAGCCAAG TTCACATCACAGCTCCCCAC 

BIP 78kDa Glucose regulated protein grp-78 CCACCTCCAATATCAACTTG ACGATCAGGGCAACCGCATCA 

ATF4 Activating transcription factor 4 atf4 TCGATGCTCTGTTTCAATG AGCAGCAGAGTCAGGCTTC 

ATF6 Activating transcription factor 6 atf6 TCGAGGCTGGGTTCATAGAC CTGTGTACTGGACAGCCATC 

IRE-1α Inositol-requiring enzyme 1alpha ern1 CATCTCTGAGGGCCATC TATTCGGTCACTTACATCCTG 

PERK PRKR-like endoplasmic reticulum kinase eif2ak3 GATGATGTTGTTCTGGTTGGA GCAAGATGTCTTCCTCTTCTTC 

XBP1 (U) X-box binding protein 1, unspliced  xbp1 CAGACTACGTGCGCCTCTGC TCTGGGTAGACCTCTGGGAG 

XBP1 (tot) X-box binding protein 1, total xbp1 GTGCAGGCCCAGTTGTCACC TCTGGGTAGACCTCTGGGAG 

eIF2 Eukaryotic translation-initiation factor 2 eif2s1 ACCAAGGATGAGCAGCTGGA ATAGATGGGTCTGAGACTGC 
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Supplementary Table 2. Effect of short term exposure to ozone on inflammatory biomarkers 
 

 Clean air Ozone Change p-value 

Nb of rats 8 7   

BALF       

TNF- α, pg/ml 10.8 ± 5.0 4.8 ± 1.8 -56% 0.255 

IL1- β, pg/ml 55.3 ± 10.4 30.1 ± 4.2 -46% 0.079 

IL6, pg/ml 0.88 ± 0.36 1.34 ± 0.71 +52% 0.539 

Plasma       

Corticosterone, ng/ml 179 ± 73 520 ± 138 + 190% 0.049* 

TNF- α, pg/ml  2.5 ± 0.3 5.4 ± 1.8 + 121% 0.137 

IL1- β, pg/ml 45.5 ± 4.1 45.7 ± 5.2 0% 0.976 

IL6, pg/ml <LOD <LOD   

PGD2, pg/ml 14.1 ± 0.7 18.2 ± 0.6 +29% 0.009 

PGE2, pg/ml 48.8 ± 2.5 52.6 ± 6.3 +7% 0.465 

PGF2α, pg/ml 35.5 ± 3.2 45.8 ± 5.0 +29% 0.175 

6-ceto-PGF1, pg/ml 21.6 ± 2.6 23.9 ± 1.9 +11% 0.402 

Rats were overnight exposed to 0.8 ppm ozone or to clean air at the same flow rate. Data are expressed as mean 
± SEM (N=5 for prostaglandin assay). Differences between clean-air and ozone exposed rats were compared 
using Student t test. Differences were considered significant at the P<0.05 level. Abbreviations: IL1-β, interleukine 
1β, LOD, limit of detection, PGD2, prostaglandin D2, PGE2, prostaglandin E2, PGF2α, prostaglandin F2α, 6-ceto-
PGF1, 6-ceto-prostaglandin F1, TNF α, Tumor necrosis factor α. 
 
 
Supplementary Table 3. Cytotoxicity of control and ozone plasma on C2C12 muscle cells 
  PBS

 (10%) 
Control 
plasma 
(10%) 

Ozone plasma 
(10%) P-value MTT assay, % of control 102 ± 3.4 53 ± 3.7 43 ± 8.1 <0.001

Data are expressed as % of untreated control cells. Data are mean ± SEM for n=4 experiments. 
 
 
 


