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Inhaled Sodium Pyruvate Reduces Lung Inflammation and Fibrosis in a 
Bleomycin Rat Model

Abstract

Purpose: Interstitial lung disease encompasses a large group of chronic lung disorders associated with excessive tissue remodeling, 
scarring, fibrosis, and a decrease in lung function. Numerous studies have shown oxidative stress to be associated with interstitial lung 
diseases. Reactive oxygen species (ROS) can directly induce inflammation and tissue damage, especially in lung cells, which triggers 
myofibroblasts to produce interstitial fibrillar collagens and other fibrotic proteins resulting in fibrosis. The elevated production of these 
proteins by the activated myofibroblasts and their exaggerated accumulation in the interstitial space of lungs results in progressive 
fibrotic alterations. Sodium Pyruvate is a natural antioxidant that significantly reduces inflammatory cytokines IL-6, IL-8, MCP-1 and 
oxygen radicals including, hydrogen peroxide and peroxynitrite. Sodium pyruvate also increases the synthesis of nitric oxide. Current 
evidence from clinical trials indicate that NO exerts antifibrogenic effects during the early phase of fibrosis. As an anti-inflammatory 
and antioxidant, sodium pyruvate holds promise as a treatment for many lung diseases including pulmonary fibrosis. Materials and 
Methods:  Rats received a single dose of bleomycin administered intratracheally at 0.5U/100g body weight in 0.3mls of a 0.15M sterile 
sodium chloride solution. Rats were then administered 0.3mls of sodium pyruvate, (5.0 mM, in 0.9% sodium chloride solution) or 0.9% 
sodium chloride (normal saline vehicle control) at various time points after bleomycin exposure. Results: Treatment with two doses of 
sodium pyruvate significantly reduced lung BAL protein and reduced inflammatory cell infiltrates in the lungs of bleomycin exposed 
rats compared to saline controls. Pyruvate treated animals also had a statistically significant improvement in lung compliance (87%) 
over saline (44%) (p=<0.0001). Furthermore, histopathological examination showed less fibrosis in the lungs of sodium pyruvate treat-
ed animals compared to saline controls. Conclusions: In the rat bleomycin model, sodium pyruvate decreased inflammation and lung 
fibrosis with only two treatments in two weeks. .

Introduction
The association between chronic inflammation and oxidative 

stress is well documented [1-5]. Reactive oxygen species (ROS), 
such as superoxide anion, peroxynitrite, free hydroxyl radical, 
and hydrogen peroxide have been shown to be toxic to various 
mammalian cells and tissues [6, 7], including the lungs [8-10], 
and have been implicated in many human diseases, including 
pulmonary fibrosis [11]. Elevated levels of ROS induce a variety 
of pathological changes that are highly relevant in nasal and lung 
airway mucosa [12-15]. These include lipid peroxidation, in-
creased airway reactivity, increased nasal mucosal sensitivity and 
secretions, production of chemoattractant molecules, increased 
vascular permeability and congestion [2-5, 12, 13]. Furthermore, 

hydrogen peroxide is known to increase inflammatory cytokines 
including IL-6 in both the nasal cavity and lungs [12, 16, 17]. 

ROS also activates latent TGF-β1 and the phenotypic conver-
sion of quiescent fibroblasts and endothelial cells into profibrotic 
myofibroblasts [14, 15]. The newly generated myofibroblasts 
cells are capable of producing large amounts of interstitial fibril-
lar collagens and other fibrotic proteins. The elevated production 
of these proteins by the activated myofibroblasts and their ex-
aggerated accumulation in the interstitial space of lungs results 
in severe progressive fibrotic lung diseases. Furthermore, these 
cells produce elevated ROS levels that are capable of inducing 
oxidative stress in various target cells as well as perpetuating the 
phenotypic changes in fibroblasts and endothelial cells, causing 
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their conversion into activated myofibroblasts. Additionally, ROS 
induced release and activation of TGF-β from the latent TGF-β 
protein complex in the extracellular matrix that can establish a 
paracrine pathway by causing further stimulation of NOX4 pro-
duction. The activation of the ROS/NOX4 pathway creates a pos-
itive feedback loop resulting in chronic tissue fibrosis [18].

In the development of Neosporin, the addition of sodium pyru-
vate caused a marked inhibition of intracellular ROS and reduc-
tion in the expression of genes encoding fibrosis-associated pro-
teins and abrogated several molecular pathways involved in the 
fibrotic process, including a significant reduction in the synthesis 
of TGF-β that reduced scar formation in wounds [19]. Previous 
studies demonstrate that pro-inflammatory cytokine levels were 
decreased by treatment with sodium pyruvate, which correlated 
with decreased ROS [20, 21]. Furthermore, the inhalation of sodi-
um pyruvate in mice produced statistically significant reductions 
in IL-6 and IL-1β over the inhalation of saline controls [22]. 

In the early phase of the wound-healing process, NO is pro-
duced by macrophages and KCs, contributing to the restoration 
of lung functions. iNOS produces NO, which modulates colla-
gen formation, cell proliferation, and wound contraction. NO 
down regulates type I collagen in dermal and cardiac fibroblasts, 
smooth muscle cells [14], and chondrocytes [15], and it induces 
antifibrotic effects in animal models of lung damage [23]. Impor-
tantly, the inhalation of sodium pyruvate increases the synthesis 
of nasal and lung nitric oxide [1], which may contribute to its 
antifibrotic wound healing effects.  	

The purpose of this study was to test the therapeutic value of 
sodium pyruvate in a fibrotic animal model. We demonstrate that 

sodium pyruvate decreases inflammation and improves lung 
function in the bleomycin fibrotic lung disease model in rats.

Materials and Methods

The Bleomycin rat model is the standard model to determine 
the effect of drugs in interstitial lung disease (pulmonary fibro-
sis). Rats were purchased from Charles River and all experiment 
protocols were performed as approved by the University of Con-
necticut and the FDA under IND 50,089. Seventy-two rats were 
divided into three study groups with 24 animals per group (un-
treated, saline treated, and pyruvate treated). The saline and py-
ruvate groups received a single dose of bleomycin administered 
intratracheally at 0.5U/100g body weight in 0.3mls of a 0.15M 
sterile sodium chloride solution. Untreated control rats were not 
treated with saline or pyruvate or injured with bleomycin. A sin-
gle dose of 0.3mls of sodium pyruvate, (5.0 mM, in 0.9% sodi-
um chloride solution) or 0.9% sodium chloride (normal saline 
vehicle control) was then administered by intratracheal injection 
6 hours later. Six rats per study group (untreated, saline treat-
ed, and pyruvate treated) were sacrificed at each time period (24 
hours, 72 hours, one week) for sample collection. Additionally, 6 
rats per study group were sacrificed at two weeks post bleomy-
cin. However, these animals were administered sodium pyruvate 
or saline control on the third and seventh-day post bleomycin 
insult as opposed to a single treatment at 6h post bleomycin. All 
animals were euthanized by CO2 asphyxiation. 

Results

Effect of Intratracheal Administration of Sodium Pyruvate on 
Lung Injury Caused by Bleomycin

Table 1 Day 1 Day 3 Day 7 Day 14
BAL protein (mg/ml)

Control 0.01 ±0.02
Saline 0.08 ±0.03 0.40 ± 0.07 0.38 ± 0.11 0.18 ± 0.04
Pyruvate 0.11 ± .02 0.56 ± 0.15 0.34 ± 0.01 0.16 ± 0.02
P value 0.9280  0.0020  0.8213 0.9830

BAL Inflammatory Cells (x106/ml)
Control 0.05 ± 0.1
Saline 1.4 ± 0.4 5.0 ± 0.2 2.4 ± 0.6 3.6 ± 0.3
Pyruvate 1.2 ± 0.5 3.2 ± 0.9 1.9 ± 0.7 1.7 ± 0.3
P value 0.9474  <0.0001  0.3820  <0.0001

Lung compliance (ml/cm H20)
Control 0.75 ± 0.1
Saline 0.42 ±0.04 0.50 ±0.05 0.45 ±0.07 0.42 ±0.06
Pyruvate 0.55 ±0.06 0.55 ±0.09 0.43 ±0.12 0.65 ±0.05
P value 0.0127   0.6568   0.9816   <0.0001

Table 1. Bleomycin Rat Study. Six rats were placed into each group (Control, Saline and 
Pyruvate) and time point (Day 1, 3, 7, 14). The control group was not administered bleo-
mycin or any treatment. The saline and pyruvate groups were administered bleomycin and 
then treated with saline or pyruvate after 6 hours. Samples were collected at 1, 3 or 7 days 
after bleomycin injury. Six additional rats per group were treated with bleomycin and then 
treated with saline or pyruvate on day 3 and 7, and then, samples collected on day 14. 
Statistical analysis was performed using a two-way ANOVA with Sidak’s post-hoc test. 
p<0.05 was considered statistically significant.
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All bleomycin treated animals had lung injury as seen by the 
significant increases in bronchoalveolar lavage (BAL) protein 
levels and in total inflammatory cells, including lymphocytes, 
and a decrease in lung compliance (Tables 1-2). Both saline 
and pyruvate treatments had no effect on the progression of 
bleomycin induced lung injury in the acute stages (twenty-four 
hours to one week). At week two, there was a statistically sig-
nificant reduction in inflammatory cells (-57%, p=<0.0001) in 
the bleomycin-pyruvate treated animals when compared to the 
bleomycin-saline treated animals. Pyruvate treated animals also 
had a statistically significant improvement in lung compliance 
(87%) over saline (44%) (p=<0.0001) (Table 1). At week two, 
there was a statistically significant reduction in lymphocytes 
(p<0.0001) and reduction in total cells found in the BAL, in-
dicating a reduction in airway inflammation in the pyruvate 
treated animals (a return to normal), when compared to saline 
treated animals (Table 2). Finally, prior to sample collection, the 
researchers noted that the pyruvate treated rats on day 14 did 
not exhibit the labored breathing noted in the saline treated rats 
(data not shown). As reported by the investigators, analysis of 
rat lung tissue showed that sodium pyruvate decreased colla-
gen deposition that inhibited fibrosis, specifically measured by 
changes in sub-epithelial matrix deposition, using histochemical 
and immunohistochemical staining.  

to saline treated animals. Finally, prior to sample collection, the 
researchers noted that the pyruvate treated rats on day 14 did 
not exhibit the labored breathing noted in the saline treated rats 
(data not shown). Analysis of rat lung tissue showed that sodium 
pyruvate decreased collagen deposition that inhibited fibrosis, 
specifically measured by changes in sub-epithelial matrix depo-
sition, using histochemical and immunohistochemical staining.   
It was concluded that sodium pyruvate was effective in reducing 
inflammation and lung damage in this chronic fibrotic stage of 
the lung injury. (It should be noted that this type, of injury, with 
the subsequent fibrotic infiltration, is typical of the fibrosing 
group of interstitial diseases in humans.)

Clinically, the safety of sodium pyruvate has been proven, 
and it has been given to patients for a variety of other disorders 
ranging from Friedreich's ataxia [24] to open heart operations 
[25]. It has been administered via several routes including in-
travenous [25], topical administration for hyperkeratotic disor-
ders [26], and in dietary supplementation [27]. In a study with 
75 COPD patents, the inhalation of sodium pyruvate produced 
a statistically significant reduction in exhaled hydrogen perox-
ide, IL-8 and MCP1 when compared the placebo control in the 
same patients [21]. Thus, the ability of N115 to reduce H2O2 
and inflammatory cytokine levels correlates with improved lung 
functions. In patients with Allergic Rhinitis, the Sodium pyru-
vate nasal spray reduced the severity of nasal inflammation and 
congestion caused by oxygen radicals [28]. The inhalation of 
sodium pyruvate also reduced nasal inflammation caused by ox-
ygen radicals to reduce hypoxemia and dyspnea associated with 
chronic respiratory diseases [29]. In another study, nine patients 
with pulmonary fibrosis with COPD and 6 patients with idio-
pathic pulmonary fibrosis without COPD that remained on their 
normal medications, were administered the 20 mM (2.2 mg/mL) 
sodium pyruvate nasal spray 3 times per day for 22 days. The 
data from this study showed that coughing episodes per day was 
significantly reduced in all 15 patients. Especially important was 
the reduction of nightly coughing episodes. Nightly coughing 
episodes was reduced on day 8 by 30% (p = 0.007) and contin-
ued to decrease on day 14 by 55% (p = 0.0001) and on the 22 
day of the trial, coughing decreased by 59% (p = 0.0001). This 
correlated with a significant (p = 0.010) improvement in nasal 
irritation/erythema with most patients being free of irritation by 
day 22 (p < 0.001); and a significant (p = 0.010) increase in 
the group average expelled NO by day 8 (1). Reducing night-
ly coughing episodes allowed these patients to finally get a full 
night’s sleep. The inhalation of the 20mM sodium pyruvate na-
sal spray increases SaO2 by reducing hypoxemia and dyspnea 
in patients with various lung diseases including COPD, allergic 
rhinitis, sinusitis, long COVID and in patients with pulmonary 
fibrosis and IPF, clearly demonstrating the ability of sodium py-
ruvate to reduce lung and nasal inflammation and congestion 
[1, 28, 29].  

In conclusion, in animal and human clinical trials, the inhala-
tion of Sodium pyruvate (N115) has shown safety and efficacy 
regardless of the etiology of the diseases (COPD, Pulmonary 
fibrosis, Idiopathic pulmonary fibrosis and Cystic fibrosis) [1, 
21, 28, 29] to reduce nasal and lung inflammation, inflammatory 
cytokines, and oxygen radicals that can reduced the activation 
of myofibroblasts, thus potentially reduce progression of lung 

Table 2 Neut. Lymph. Alveo. Mac.
Day 14 BAL cell percentages

Control 3.0%±0.07 22%±1.09 74%±4.01
Saline 1.0%±0.05 51%±3.14 47%±5.10
Pyruvate 2.0%±0.04 30%±2.34 67%±4.3
P value 0.9298 <0.0001 <0.0001

Table 2. Percentage of leukocytes in BAL on day 14 after bleomycin 
injury in rats. Six rats were placed into each group (Control, Saline 
and Pyruvate). The control group was not administered bleomycin 
or any treatment. The other groups were treated with bleomycin and 
then treated with saline or pyruvate on day 3 and 7, and then, sam-
ples collected on day 14. Statistical analysis was performed using a 
two-way ANOVA with Sidak’s post-hoc test. p<0.05 was considered 
statistically significant.

Discussion
The approval of (Nintedanib and pirfenidone) offers a glim-

mer of hope for successful medical therapy for pulmonary fi-
brosis. Unfortunately, most of these therapies are associated 
with substantial toxicity, and although they slow disease pro-
gression, they are not curative. Importantly, the mechanisms by 
which these therapies act to affect lung fibrosis are incompletely 
understood, greatly hampering the development of drugs with 
reduced toxicity or identifying combination therapies that might 
act additively or synergistically to slow or prevent disease pro-
gression. 

Here, we demonstrate that sodium pyruvate was effective in 
reducing inflammation and lung damage in this chronic fibrotic 
stage of lung injury in bleomycin treated rats.  At week two, 
there was a statistically significant reduction in lymphocytes 
(p<0.0001) and reduction in total cells found in the bronchoalve-
olar lavage, indicating a reduction in airway inflammation in the 
pyruvate treated animals (a return to normal), when compared 



387 Eur J Respir Med 2024, 6:1

 European Journal of Respiratory Medicine

Georgescu HI, Rizzo CF, et al. Nitric oxide inhibits the synthesis 
of type-II collagen without altering Col2A1 mRNA abundance: 
prolyl hydroxylase as a possible target. Biochem J. 1997;324 ( Pt 
1)(Pt 1):305-10.

16.	 Klemens C, Rasp G, Jund F, Hilgert E, Devens C, Pfrogner E, et 
al. Mediators and cytokines in allergic and viral-triggered rhinitis. 
Allergy Asthma Proc. 2007;28(4):434-41.

17.	 Alper CM, Li-Korotky HS, Lo CY, Doyle AP, Winther B, Doyle 
WJ. Nasal secretion concentrations of IL-5, IL-6, and IL-10 in 
children with and without upper respiratory tract viruses. Arch 
Otolaryngol Head Neck Surg. 2010;136(3):281-6.

18.	 Piera-Velazquez S, Jimenez SA. Oxidative Stress Induced by Re-
active Oxygen Species (ROS) and NADPH Oxidase 4 (NOX4) in 
the Pathogenesis of the Fibrotic Process in Systemic Sclerosis: A 
Promising Therapeutic Target. J Clin Med. 2021;10(20).

19.	 Sheridan J, Kern E, Martin A, Booth A. Evaluation of antioxidant 
healing formulations in topical therapy of experimental cutane-
ous and genital herpes simplex virus infections. Antiviral Res. 
1997;36(3):157-66.

20.	 Abusalamah H, Reel JM, Lupfer CR. Pyruvate affects inflamma-
tory responses of macrophages during influenza A virus infection. 
Virus Res. 2020;286:198088.

21.	 Martin A, Lupfer C, Amen R. Inhaled Sodium Pyruvate Reduces 
Oxygen Radicals and Inflammatory Cytokines in COPD Patients. 
2022;4(3):320-6.

22.	 Reel J, Lupfer C. Sodium Pyruvate Ameliorates Influenza A Virus 
Infection In Vivo. Microbiol Res. 2021;12(2):258-67.

23.	 Genovese T, Cuzzocrea S, Di Paola R, Failla M, Mazzon E, Sorti-
no MA, et al. Inhibition or knock out of inducible nitric oxide syn-
thase result in resistance to bleomycin-induced lung injury. Respir 
Res. 2005;6(1):58.

24.	 Dijkstra U, Gabreëls F, Joosten E, Wevers R, Lamers K, Doesburg 
W, et al. Friedreich's ataxia: intravenous pyruvate load to demon-
strate a defect in pyruvate metabolism. Neurol. 1984;34(11):1493-
7.

25.	 Giannelli S, McKenna JP, Bordiuk JM, Miller LD, Jerome CR. 
Prevention of increased hemoglobin-oxygen affinity in open-heart 
operations with inosine-phosphate-pyruvate solution. Ann Thorac 
Surg. 1976;21(5):386-96.

26.	 Levy SB, Goldsmith LA. Sodium pyruvate treatment for hyper-
keratotic disorders. South Med J. 1979;72(3):307-10.

27.	 Stanko RT, Robertson RJ, Galbreath RW, Reilly JJ, Greenawalt 
KD, Goss FL. Enhanced leg exercise endurance with a high-car-
bohydrate diet and dihydroxyacetone and pyruvate. J Appl Physiol 
(1985). 1990;69(5):1651-6.

28.	 Martin A, Lupfer C, Amen R. Sodium Pyruvate Nasal Spray 
Reduces the Severity of Nasal Inflammation and Congestion in 
Patients with Allergic Rhinitis. J Aerosol Med Pulm Drug Deliv. 
2022;35(6):291-5.

29.	 Martin A, Lupfer C, Amen R. Inhalation of Sodium Pyruvate to 
Reduce Hypoxemia and Dyspnea Associated with Chronic Respi-
ratory Diseases- A Multi-Study Retrospective Analysis. Europ J 
Resp Med . 2022;4(1):258-61.

fibrosis.     

Disclosure Statement
Alain Martin is the CEO of Emphycorp/Cellular Sciences Inc. 

Christopher R. Lupfer is a paid consultant for Emphycorp/Cel-
lular Sciences Inc.

References
1.	 Lupfer CR, Riley N, Amen R, Martin A. Inhalation of Sodium 

Pyruvate to Reduce the Symptoms and Severity of Respiratory 
Diseases Including COVID-19, Long COVID, and Pulmonary Fi-
brosis. Europ J  Resp  Med. 2021;3(3):229 - 37.

2.	 Dohlman AW, Black HR, Royall JA. Expired breath hydrogen 
peroxide is a marker of acute airway inflammation in pediatric pa-
tients with asthma. Am Rev Respir Dis. 1993;148(4 Pt 1):955-60.

3.	 Kietzmann D, Kahl R, Muller M, Burchardi H, Kettler D. Hy-
drogen peroxide in expired breath condensate of patients with 
acute respiratory failure and with ARDS. Intensive Care Med. 
1993;19(2):78-81.

4.	 Sznajder JI, Fraiman A, Hall JB, Sanders W, Schmidt G, Craw-
ford G, et al. Increased hydrogen peroxide in the expired breath 
of patients with acute hypoxemic respiratory failure. Chest. 
1989;96(3):606-12.

5.	 Bowler RP, Crapo JD. Oxidative stress in allergic respiratory dis-
eases. J Allergy Clin Immunol. 2002;110(3):349-56.

6.	 O'Donnell-Tormey J, Nathan CF, Lanks K, DeBoer CJ, de la 
Harpe J. Secretion of pyruvate. An antioxidant defense of mam-
malian cells. J Exp Med. 1987;165(2):500-14.

7.	 Jamieson D. Oxygen toxicity and reactive oxygen metabolites in 
mammals. Free Radic Biol Med. 1989;7(1):87-108.

8.	 Baldwin SR, Simon RH, Grum CM, Ketai LH, Boxer LA, Devall 
LJ. Oxidant activity in expired breath of patients with adult respi-
ratory distress syndrome. Lancet. 1986;1(8471):11-4.

9.	 Ward PA, Till GO, Hatherill JR, Annesley TM, Kunkel RG. Sys-
temic complement activation, lung injury, and products of lipid 
peroxidation. J Clin Invest. 1985;76(2):517-27.

10.	 Perkowski SZ, Havill AM, Flynn JT, Gee MH. Role of intrapul-
monary release of eicosanoids and superoxide anion as mediators 
of pulmonary dysfunction and endothelial injury in sheep with 
intermittent complement activation. Circ Res. 1983;53(5):574-83.

11.	 Cross CE, Halliwell B, Borish ET, Pryor WA, Ames BN, Saul 
RL, et al. Oxygen radicals and human disease. Ann Intern Med. 
1987;107(4):526-45.

12.	 Yao L, Hu DN, Chen M, Li SS. Subtoxic levels hydrogen per-
oxide-induced expression of interleukin-6 by epidermal melano-
cytes. Arch Dermatol Res. 2012;304(10):831-8.

13.	 Ogasawara H, Yoshimura S, Kumoi T. Hydrogen peroxide gen-
eration by eosinophils in allergic rhinitis. Auris Nasus Larynx. 
1991;18(2):133-43.

14.	 Kolpakov V, Gordon D, Kulik TJ. Nitric oxide-generating com-
pounds inhibit total protein and collagen synthesis in cultured vas-
cular smooth muscle cells. Circ Res. 1995;76(2):305-9.

15.	 Cao M, Westerhausen-Larson A, Niyibizi C, Kavalkovich K, 



 European Journal of Respiratory Medicine

388 Eur J Respir Med 2024, 6:1

To cite this article: Martin A, Lupfer CR. Inhaled Sodium Pyruvate Reduces Lung Inflammation and Fibrosis in a Bleomycin 
Rat Model. European Journal of Respiratory Medicine. 2024; 6(1): 384 - 388. doi: 10.31488/EJRM.140.    

 © The Author(s) 2024. This is an open access article distributed under the terms of the Creative Commons Attribution License 
(https://creativecommons.org/licenses/by/4.0/).        


