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Abstract

Objectives: Lung injury is one of the most important risk
factor for morbidity and mortality, especially in older
people. There are several reasons causing acute lung injury
(ALI) and acute respiratory distress syndrome (ARDS) such
as pneumonia, sepsis, viruses, oxidants, and trauma. Evi-
dence has shown that carnosine hasmany properties, such
as suppressing hydroxyl, superoxide, and peroxyl radicals,
inhibiting peroxidation, membrane protection and wound
healing. We aimed to analyze the effects of carnosine on
lung injury in this systematic review.
Content: A systematic researchwas performed in Pubmed,
Web of Science, and Scopus databases for following

keywords; “carnosine” AND “lungd” until October 31st,
2020. Bias analysis was done with RevMan 5.3 software.
Summary: We screened totally 51 publications and only
nine articles were used for the final analysis. Eight animal
studies and one in vitro study were included in this study.
All studies indicated that carnosine has beneficial effects
on improving lung injury.
Outlook: The study demonstrates that carnosine may be a
promising new therapeutic agent and help to improve lung
injury by reducing oxidative stress, proinflammatory
cytokines, and apoptosis. Further investigations are nee-
ded to elucidate whichmechanism ismore effective to cure
lung damage, especially in humans.

Keywords: carnosine; lung; lung injury; respiratory
diseases; systematic review.

Öz

Amaç: Akciğer hasarı, özellikle yaşlılarda morbidite ve
mortalite için en önemli risk faktörlerinden birisidir. Akut
akciğer hasarına (ALI) ve akut solunum sıkıntısı sendro-
muna (ARDS) neden olan pnömoni, sepsis, virüsler, oksi-
danlar ve travma gibi çeşitli nedenler vardır. Kanıtlar,
karnozinin hidroksil, süperoksit ve peroksil radikallerini
baskılamak, peroksidasyonu inhibe etmek, membran
koruması ve yara iyileşmesi gibi birçok özelliğe sahip
olduğunu göstermiştir. Bu bilgiler ışığında, bu sistematik
derlemede karnozinin akciğer hasarı üzerindeki etkilerini
analiz etmeyi amaçladık.
İçerik: Pubmed, Web of Science ve Scopus veri tabanla-
rında “karnozin” ve “akciğer” anahtar kelimeleri ile 31
Ekim 2020 tarihine kadar sistematik bir araştırma yapıl-
mıştır. Yanlılık analizi RevMan 5.3 yazılımı ile yapılmıştır.
Özet: Toplam 51 yayın tarandı ve son analiz için sadece 9
makale kullanılmıştır. Bu çalışmaya sekiz hayvan çalış-
ması ve bir in vitro çalışma dahil edilmiştir. Tüm
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çalışmalar, karnozinin akciğer hasarını iyileştirmede fay-
dalı etkileri olduğunu göstermiştir.
Görünüm: Çalışma, karnozinin oksidatif stresi, proinfla-
matuar sitokinleri ve apoptozu azaltarak akciğer hasarını
iyileştirmeye yardımcı olabilecek yeni potansiyel tedavi
aracı olabileceğini göstermektedir. Özellikle insanlarda
akciğer hasarını tedavi etmek için hangi mekanizmanın
daha etkili olduğunu aydınlatmak amacıyla daha fazla
araştırmaya ihtiyaç vardır.

Anahtar Kelimeler: karnozin; akciğer; akciğer hasarı;
solunum hastalıkları; sistematik derleme.

Introduction

Carnosine, discovered at the beginning of 20th century by
V.S. Gulewitsch, is a natural dipeptide that consisting of
β-alanine and L-histidine [1]. Carnosine, which is mainly
found inmuscles, hasdifferent characteristics.Many studies

have shown that carnosine has antioxidant effects by sca-
venging reactive oxygen and nitrogen species and chelating
metals [2–4]. Carnosine also exhibits pH-buffering activity
via suppressing lipid peroxidation [2, 4]. Studies have also
shown that carnosine can provide membrane protection by
inhibiting lipid peroxidation and lowering malondial-
dehyde (MDA) levels [2].

There are many studies that observing the effects of
carnosine onwound healing. Roberts et al., who investigated
the effects of carnosine onwoundhealing, demonstrated that
carnosine improved wound healing when given as a part of
an enteral formula [5]. In another study examining the effects
of carnosine on lung injury was indicated that carnosine can
accelerate lung injury induced by irradiation [6].

Both acute lung injury (ALI) and acute respiratory
distress syndrome (ARDS) are important clinical syndro-
mes and refer almost similar pathophysiological processes
[7]. ALI is a serious clinical problem associated with pul-
monary oedema and severe hypoxemia, and it is closely
related with high morbidity and mortality rate [8]. ARDS,

Table : Characteristics of included studies in this systematic review.

References Type and
number
of carnosine
group

Dosage and
administration type

Study
duration

Main conclusion

Aydin et al. [] Rats (n=)  mg/kg/day, oral  weeks Carnosine reduced oxidative stress, and apoptosis and restored
histopathological changes.

Cuzzocrea et al. [] Mice (n=)  mg/kg/day, oral  week Carnosine reduced lung injury, lung oedema, neutrophil infil-
tration, levels of lung MPO, TGF-β, iNOS, and TGF-β levels, apop-
tosis,mortality rate and improvedhistopathological impairments.

Kadry et al. [] Rats (n=)  mg/kg, intraperi-
toneal injection

Carnosine reduced TNF-α, IL-, CRP, VEGF, HSP- and degene-
ration of lungs and cellular infiltration.

Ohata et al. [] Mice (n=) –– mg/kg,
oral

PZ reduced production of NO, TNF-α, iNOSmRNA gene expression.
Pretreatment with PZ also improved lung damages.

Sun et al. [] Rats (n=) – mg/kg/day,
oral

 days Carnosine reduced levels ofMDA,MPO, TNF-α and IL-, NF-Kβ p,
pulmonary oedema. It was also decreased protein concentration
and levels of leukocytes in BAL. Attenuated histological changes
and increased SOD activity and GPx level in the lungs.

Perel’man et al. [] Guinea pigs
(n=)

Carnosine alleviated the pulmonary wounds by activating intra-
cellular regeneration, proliferation of fibroblasts, and connective
tissue formation.

Tanaka et al. [] Mice –– mg/kg,
oral

Carnosine suppressed lung injury, alveolar haemorrhage, vascu-
lar permeability, lung interstitial oedema, leukocyte and neu-
trophil infiltration, MPO activity, ROS, apoptosis, and levels of
IL-, CXCL and CXCL. It also decreased levels of proteins in BAL.

Xu et al. [] Mice (n=)  mg/kg/day, oral  days Carnosine decreased loss of body weight, lung oedema, levels of
MDA. Carnosine also reduced MPO activity, levels of WBC, TNF-α,
IL-β and protein concentration in BAL. It also decreased virus
proliferation and TLR- in the lungs.

Kimura et al. [] A cells – µM PZ decreased cytotoxicity by suppressing LDH release, cell death
and ROS level. It also increased mitochondrial activity and intra-
cellular ATP levels.
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which is a severe form of ALI, is acute respiratory failure
caused by non-cardiogenic pulmonary oedema that is
defined by bilateral infiltration of lungs on radiology and
severe hypoxemia. ARDS is also a serious morbidity and
mortality burden similar with ALI [9, 10]. There are several
factors that lead to ALI and/or ARDS, including pneumo-
nia, sepsis, acute pancreatitis, trauma, inhalation of gas-
tric contents, and intrinsic or extrinsic oxidants [11, 12].
Both ALI and ARDS are characterized by diffuse alveolar
damage (DAD), pulmonary oedema, neutrophil infiltration
of lungs, and pulmonary surfactant dysfunction [11].

When the lung is injured, regardless of the cause of ALI/
ARDS, inflammatory processes are activated [8, 10]. In the
pathogenesis of ALI, neutrophils, which play a main role in
formation of microvascular and the lung tissue injury, mac-
rophages, and proinflammatory mediators such as tumor
necrosis factor-α (TNF-α) and nitric oxide (NO) are activated
[8]. On the other hand, in the pathogenesis of ARDS, inf-
lammation can lead to DAD, which is a result of alveolar
epithelial barrier dysfunction, endothelial dysfunction, and
protein-rich alveolar oedema [9, 10]. As a result of these
changes, hypoxemia and acute respiratory failure are obser-
vedwhenpulmonaryoedemaaccumulates in the interstitium
and alveoli [10].

In the light of all these knowledge, we aimed to exa-
mine the effects of carnosine on lung injury. To our
knowledge, this is the first systematic review that investi-
gates effects of carnosine on lung injury. We think that this
paper can be beneficial for developing novel treatments for
pulmonary diseases.

Methods

Search strategy

An electronic search was performed in three databases:
Pubmed, Web of Science and Scopus until October 19th,
2020. There was no time restriction for publications. The
searching keywords were “carnosine” AND “lung injury”
for all databases. Procedures of the PRISMA guideline were
followed for searching and reporting the data [13].

Study selection criteria

All English language original studies which investigated
the effect of carnosine on lung injury were included in this
review.

Reviews, abstracts, meetings, hypothesis were exclu-
ded in this systematic review.

Analysis of the data

The titles and abstracts were screened to be sure that
included studies had the true scope of this systematic
review. For further assessment, the full text of the papers
were taken. All sections of each papers (abstract, results,
tables and figures) were reviewed independently for eli-
gibility and data extraction. Studies not relevant to the
topic, reviews, abstracts, meetings, and hypothesis were
removed. Publications that met the inclusion criteria were
mentioned in Figure 1.

Risk of bias assessment

Bias assessments were determined as described in the
Cochrane guideline. Selection bias, performance bias,
detection bias, attrition bias, and reporting bias were
evaluated as low, unclear, or high risk according the
information given in the studies [14]. Bias analysis was
done with RevMan 5.3 software (Cochrane Collaboration,
Copenhagen, 2014). GraphPad Prism 6 software was used
for the figures.

Results

As shown in Figure 1, we screened totally 162 publications
and then excluded 20 duplicate articles. Of the 142 remai-
ning publications, 133 of them were excluded; 68 of them
were irrelevant, six of themwere not in English, 49 of them
were review, and 10 of them were meeting abstracts, edi-
torial, conference paper, case report and hypothesis. The
remaining nine articles were used in the final analysis of
this systematic review (Table 1).

Figure 1: Flow diagram of studies included in the systematic review.
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Animal studies

Eight animal studies were included and all of them
demonstrated that carnosine could decrease lung injury.
Perel’man et al. examined the role of carnosine on an
experimental model, which is penetrating incised wound
of the lung. They injected 12 mg carnosine solution into the
lung. In addition, they injected each 4 mg carnosine into
muscle and skin. They observed that carnosine alleviated
the pulmonary wounds in guinea pigs by activating intra-
cellular regeneration, proliferation of fibroblasts, and
connective tissue formation in 7–8 days [15].

Cuzzocrea et al. investigated the effects of orally
intake carnosine on bleomycin-induced lung injury in
male CDmice. They demonstrated that carnosine reduced
lung injury, lung oedema, infiltration of lungs by neu-
trophils, levels of lung myeloperoxidase (MPO), trans-
forming growth factor-β (TGF-β), nitrotyrosine, inducible
nitric oxide synthase (iNOS). It was also seen that carno-
sine decreased TGF-β levels in bronchoalveolar lavage
(BAL), apoptosis and mortality rate through its antioxi-
dative properties. Carnosine also improved histological
findings of lung injury [16]. In another study, orally
administration of two different doses of carnosine for
consecutive 30 days on cecal ligature puncture-induced
sepsis model in male albino Wistar rats showed that car-
nosine reduced levels of MDA, pulmonary oedema,
proinflammatory cytokines levels such as TNF-α and
interleukin-8 (IL-8), and MPO. In addition to these effects,
carnosine also reduced levels of leukocytes and protein
concentration in BAL. In addition to these effects, it was
also seen that carnosine decreased levels of nuclear factor
kappa B (NF-Kβ) p65. In this study, it was also found that
carnosine attenuated histological changes and increased
superoxide dismutase activity (SOD) and glutathione
peroxidase (GPx) level in the lungs [17]. Tanaka et al.
showed that oral administration of carnosine suppressed
lung injury, alveolar haemorrhage, vascular permeabi-
lity, lung interstitial oedema, ROS, and levels of IL-6 and
chemokines such as C-X-Cmotif ligand 1 and 2 (CXCL1 and
CXCL2). Carnosine also suppressed protein concentration
in BAL of mice with lipopolysaccharide (LPS)-induced
lung injury model. Carnosine also suppressed leukocyte
and neutrophil infiltration and MPO activity as well as
decreasing apoptosis by suppressing endoplasmic reti-
culum (ER) stress response in this study [18].

In another study that evaluating the efficacy of pre-
treatment administration of carnosine with intraperito-
neal injection on sodium nitrite (NaNO2)-induced lung
injury in male Wistar albino rats showed that carnosine

reduced TNF-α, IL-6, C-reactive protein (CRP), vascular
endothelial growth factor (VEGF), heat shock protein-70
(HSP-70) and degeneration of lungs and cellular infil-
tration [19].

Aydin et al. examined the effects of carnosine supp-
lementation on lung tissues of male Sprague-Dawley rats
exposed to different doses of formaldehyde. They found
that carnosine decreased oxidative stress and positive
terminal deoxynucleotidyl transferase dUTP nick-end
labelling (TUNEL) staining, which is an indicator of
apoptosis. It was also showed that carnosine intake res-
tored histopathological changes in this model [20].

In a study that investigates the efficacy of pretreatment
orally utilization of polaprezinc (PZ), which is a chelate
compound consisting of zinc and carnosine, in LPS-induced
endotoxin shock male ddY mice found that PZ reduced
production of NO and TNF-α, iNOS mRNA gene expression.
It was also showed that pretreatmentwith PZ improved lung
damages such as alveolar haemorrhage, infiltration of inf-
lammatory cell infiltration and peri-vascular oedema in
these mice [21].

In another study that investigating the effect of car-
nosine on H9N2 swine influenza virus-induced acute lung
injury in female specific-pathogen-free BALB/c mice
demonstrated that carnosine decreased loss of body
weight, lung oedema, levels of MDA (while increasing total
superoxide dismutase). There was also reduced levels of
TNF-α, IL-1β, white blood cells (WBC) count, MPO activity
and protein concentration in BAL. In addition to these
effects, carnosine also significantly reduced virus prolife-
ration and Toll-like receptor-4 (TLR-4) in the lungs [22].

In vitro studies

One in vitro study was included to this systematic review.
Kimura et al. examined the efficacy of PZ on cadmium-
induced human lung epithelial cells. They showed that PZ
decreased cytotoxicity by suppressing lactate dehydroge-
nase (LDH) release, apoptosis by suppressing ER stress
response and production of ROS. It was also showed that
PZ increased mitochondrial activity and intracellular ATP
levels [23].

Risk of bias analysis

Bias analysis of each study were given with risk of bias
summary and risk of bias graph (Figure 2). The risk of
selection, performance, detection, attrition and reporting

4 Yalaza et al.: Carnosine improves lung injury



bias of the studies were analyzed according to the Coch-
rane Handbook [14].

Discussion

In this systematic review, we demonstrated that carnosine
has beneficial effects on improving lung tissue injury by
suppressing proinflammatory cytokines, certain chemoki-
nes, oxidative agents, and apoptosis.

In a study by carried out by Lamb et al. demonstrated
that patientswithARDShadhigher levels of oxidant agents
in their BAL compared to healthy controls [24]. In addition,
Bunnell et al. found that ARDS patients had lower levels of
glutathione (GSH) in the alveolar fluid [25]. In addition to
ARDS, also patients with IPF exhibited lower levels of GSH
in their epithelial lining fluid [26].

Several research showed that carnosine has important
antioxidant activities. Boldyrev et al. indicated that car-
nosine suppressed the lipid peroxidation towards the end
of 20th century [27]. In another study, Caruso et al. found
that carnosine reduced intracellular levels of superoxide
anions in a murine model that used RAW 264.7 macrop-
hages by suppressing TNF-α and IL-6 mRNAs, and
enhancing antiinflammatory mediators such as IL-4, and
IL-10 [28]. In another study of Caruso et al. demonstrated

that carnosine inhibited total NO levels in a murine model
induced by LPS and IFN-γ [29]. More recently, the effects of
carnosine for modulation of antiinflammatory and proinf-
lammatory roles on RAW 264.7 macrophages were eva-
luated and found that carnosine reduced levels of MDA,
expression of prooxidant enzymes, IL-1β and IL-6 and
expression of antioxidant enzymes [30].

Carnosine also plays another important role against
virus infections, too. Rothan et al. examined the antiviral
activities of carnosine on Dengue virus and Zika virus in
Huh7 cells, which are human liver cells. At the end of the
investigation, they found that exogenous carnosine signi-
ficantly suppressed viral infection by inhibiting virus entry
to the host cells and viral genome replication [31].

Influenza A virus (IAV) is a common causative agent of
pneumonia-related death worldwide and it can cause a
significant increase in mortality, especially during pande-
mics. After the IAV infection, increase in the activation of
NF-Kβ, releasing of proinflammatory cytokines and che-
mokines are observed. These responses to the viral infection
can contribute to lung tissue damageby inducing TNF-α and
iNOS, which underlie the IVA-related alveolar injury [32].

As we all know, we live extraordinary times worldwide
since December 2019 because of the COVID-19 (SARS-CoV-
2), which is a member of the genus Betacoronavirus [33]. In
the COVID-19 infection, cytokine storm is one of the most
encountered and most serious problem. Several cytokines
and chemokines, including TNF-α, TGF-β, IL-1β, IL-8,
macrophage inflammatory protein-1α (MIP-1α) are obser-
ved in this cytokine storm. However, IL-6 is one of the most
major cytokine involved in this cytokine storm and it plays
a central role. It was shown that cytokine storm is asso-
ciated with severe lung injury by impairing the integrity of
endothelial and epithelial cells, thus causing vascular
permeability and pulmonary oedema, neutrophil and
macrophage infiltration to the lungs, and hypoxia [34].

Previously, we mentioned many features of carnosine
before.We think that carnosinemay also be beneficial in the
treatment of COVID-19. Firstly, one of the most important
activities of carnosine is inhibition of angiotensin conver-
ting enzyme activity, which plays a central role in COVID-19
infection. Nakagawa et al. showed that carnosine inhibited
ACE activity in vitro even at lower doses than those normally
found in muscles and neuronal tissues [35, 36]. Secondly,
carnosine is also important as a result of chelate formation
with metal ions as mentioned before. PZ, which is a chelate
with carnosine and zinc, can boost the inhibition of
proinflammatory processes closely related with COVID-19
[33, 35]. Thirdly and finally, carnosine can decrease oxida-
tive stress by suppressing levels of NO and iNOS, which are
worsening viral infections [33].

Figure 2: A. Risk of bias summary of the included studies for the
systematic review. B. Risk of bias graph summary of the included
studies for the systematic review.

Yalaza et al.: Carnosine improves lung injury 5



As a result, in this comprehensive systematic review,
we investigated the activity of carnosine in lung injury. It
must be emphasized that included studies in this review
are animal models or in vitro cell samples. Unfortunately,
no human studies are available to ensure correctness of
these results. Further studies, especially carried out in
human, are needed to confirm these effects of carnosine.

Strength and limitation of included
studies

There are certain strengths in our study. One of them is that
our study includes animal and in vitro studies, which can
control in terms of physiological conditions. Another
advantage of the study is that the animal studies have a
control group, which provides comparison and reduced
systematic bias. Finally, the duration of included studies
was found to be appropriate.

The study also has certain disadvantages. The major
limitation is that lack of human studies in this systematic
review. Human studies are the most suitable data to con-
firm mechanisms of such molecules. The effects of carno-
sine in human studies are changeable, thus further studies
are needed to investigate exact effects in humans.

Conclusion

All of the articles included in the systematic review
demonstrated that carnosine has positive effects to alle-
viate lung injury. However, the effects of carnosine are still
unclear. Thus, human studies are needed to elucidate the
action mechanisms of carnosine.
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olmadığını beyan eder.

References

1. Boldyrev AA, Aldini G, Derave W. Physiology and pathophysiology
of carnosine. Physiol Rev 2013;93:1803–45.

2. Gariballa SE, Sinclair AJ. Carnosine: physiological properties and
therapeutic potential. Age Ageing 2000;29:207–10.

3. Artioli GG, Sale C, Jones RL. Carnosine in health and disease. Eur J
Sport Sci 2019;19:30–9.

4. Wu G. Important roles of dietary taurine, creatine, carnosine,
anserine and 4-hydroxyproline in human nutrition and health.
Amino Acids 2020;52:329–60.

5. Roberts PR, Black KW, Santamauro JT, Zaloga GP. Dietary
peptides improve wound healing following surgery. Nutrition
1998;14:266–9.

6. Guney Y, Turkcu UO, Hicsonmez A, Andrieu MN, Guney HZ,
Bilgihan A, et al. Carnosine may reduce lung injury caused by
radiation therapy. Med Hypotheses 2006;66:957–59.

7. Elicker BM, Jones KT, Naeger DM, Frank JA. Imaging of acute lung
injury. Radiol Clin North Am 2016;54:1119–32.

8. Mehta S. The effects of nitric oxide in acute lung injury. Vasc
Pharmacol 2005;43:390–403.

9. Butt Y, Kurdowska A, Allen TC. Acute lung injury: a clinical and
molecular review. Arch Pathol Lab Med 2016;140:345–50.

10. Huppert LA, Matthay MA, Ware LB. Pathogenesis of acute
respiratory distress syndrome. Semin Respir Crit Care Med 2019;
40:31–9.

11. Mokra D, Kosutova P. Biomarkers in acute lung injury. Respir
Physiol Neurobiol 2015;209:52–8.

12. Ward P. Oxidative stress: acute and progressive lung injury. Ann
N Y Acad Sci 2010;1203:53–9.

13. Liberati A, AltmanDG, Tetzlaff J, MulrowC, GøtzschePC, Ioannidis
JPA, et al. The PRISMA statement for reporting systematic reviews
and meta-analyses of studies that evaluate healthcare
interventions: explanation and elaboration. BMJ 2009;339:
b2700.

14. Higgins JP. Cochrane handbook for systematic reviews of
interventions version 5.0. 1. The Cochrane Collaboration; 2008.

15. Perel’man MI, Kornilova ZK, Paukova VS, Boikov AK, Priimak AA,
Bulargina TV, et al. Effect of carnosine on healing of lungwounds.
Bull Exp Biol Med 1989;108:1329–33.

16. Cuzzocrea S, Genovese T, Failla M, Vecchio G, Fruciano M,
Mazzon E, et al. Protective effect of orally administered carnosine
on bleomycin-induced lung injury. Am J Physiol Lung Cell Mol
Physiol 2007;292:L1095–104.

17. SunC,WuQ, ZhangX, HeQ, ZhaoH.Mechanistic evaluation of the
protective effect of carnosine on acute lung injury in sepsis rats.
Pharmacology 2017;100:292–300.

18. Tanaka KI, Sugizaki T, Kanda Y, Tamura F, Niino T, Kawahara M.
Preventive effects of carnosine on lipopolysaccharide-induced
lung injury. Sci Rep 2017;7:42813.

19. Kadry MO, Ali HM. Downregulation of HIF1-α, Smad-2, AKT, and
Bax gene expression in sodium nitrite-induced lung injury via
some antioxidants. J Biochem Mol Toxicol 2017;31. https://doi.
org/10.1002/jbt.21909.

20. Aydin S, Ogeturk M, Kuloglu T, Kavakli A, Aydin S. Effect of
carnosine supplementation on apoptosis and irisin, total
oxidant and antioxidants levels in the serum, liver and lung
tissues in rats exposed to formaldehyde inhalation. Peptides
2015;64:14–23.

21. Ohata S, Moriyama C, Yamashita A, Nishida T, Kusumoto C,
Mochida S, et al. Polaprezinc protects mice against endotoxin
shock. J Clin Biochem Nutr 2010;46:234–43.

22. Xu T, Wang C, Zhang R, Xu M, Liu B, Wei D, et al. Carnosine
markedly ameliorates H9N2 swine influenza virus-induced acute
lung injury. J Gen Virol 2015;96:2939–50.

23. Kimura K, Nakano Y, Sugizaki T, Shimoda M, Kobayashi N,
Kawahara M, et al. Protective effect of polaprezinc on cadmium-
induced injury of lung epithelium. Metallomics 2019;11:1310–20.

6 Yalaza et al.: Carnosine improves lung injury

https://doi.org/10.1002/jbt.21909
https://doi.org/10.1002/jbt.21909


24. Lamb NJ, Gutteridge JM, Baker C, Evans TW, Quinlan GJ. Oxidative
damage to proteins of bronchoalveolar lavage fluid in patients
with acute respiratory distress syndrome: evidence for
neutrophil-mediated hydroxylation, nitration, and chlorination.
Crit Care Med 1999;27:1738–44.

25. Bunnell E, Patch ER. Oxidized glutathione is increased in the
alveolar fluid of patients with the adult respiratory distress
syndrome. Am Rev Respir Dis 1993;148:1174–8.

26. Cantin AM, Hubbard RC, Crystal RG. Glutathione deficiency in the
epithelial lining fluid of the lower respiratory tract in idiopathic
pulmonary fibrosis. Am Rev Respir Dis 1989;139:370–2.

27. BoldyrevAA,DupinAM,BatrukovaMA,BavykinaNI, KorshunovaGA,
Shvachkin YuP. A comparative study of synthetic carnosine analogs
as antioxidants. Comp Biochem Physiol B 1989;94:237–40.

28. Caruso G, Fresta CG, Fidilio A, O’Donnell F, Musso N, Lazzarino G,
et al. Carnosine decreases PMA-induced oxidative stress and
inflammation in murine macrophages. Antioxidants 2019;8:281.

29. Caruso G, Fresta CG, Martinez-Becerra F, Antonio L, Johnson RT,
de Campos RPS, et al. Carnosine modulates nitric oxide in
stimulated murine RAW 264.7 macrophages. Mol Cell Biochem
2017;431:197–210.

30. Fresta CG, Fidilio A, Lazzarino G, Musso N, Grasso M, Merlo S,
et al. Modulation of pro-oxidant and pro-inflammatory activities

of M1 macrophages by the natural dipeptide carnosine. Int J Mol
Sci 2020;21:776.

31. Rothan HA, Abdulrahman AY, Khazali AS, Nor Rashid N,
Chong TT, Yusof R. Carnosine exhibits significant antiviral
activity against Dengue and Zika virus. J Pept Sci 2019;25:
e3196.

32. Herold S, Becker C, Ridge KM, Budinger GR. Influenza virus-
induced lung injury: pathogenesis and implications for
treatment. Eur Respir J 2015;45:1463–78.

33. Jindal C, Kumar S, SharmaS, Choi YM, Efird JT. The prevention and
management of COVID-19: seeking a practical and timely
solution. Int J Environ Res Publ Health 2020;17:3986.

34. Pelaia C, Tinello C, Vatrella A, De Sarro G, Pelaia G. Lung under
attack by COVID-19-induced cytokine storm: pathogenic
mechanisms and therapeutic implications. Ther Adv Respir Dis
2020;14:1753466620933508.

35. Hipkiss AR. COVID-19 and senotherapeutics: any role for the
naturally-occurring dipeptide carnosine? Aging Dis 2020;11:
737–41.

36. Nakagawa K, Ueno A, Nishikawa Y. Interactions between
carnosine and captopril on free radical scavenging activity and
angiotensin-converting enzyme activity in vitro. Yakugaku Zasshi
2006;126:37–42.

Yalaza et al.: Carnosine improves lung injury 7


	Is carnosine effective to alleviate lung injury: a systematic reviewKarnozin akciğer hasarını hafifletmede etkili midir: Si ...
	Karnozin akciğer hasarını hafifletmede etkili midir: Sistematik bir derleme
	Introduction
	Methods
	Search strategy
	Study selection criteria
	Analysis of the data
	Risk of bias assessment

	Results
	Animal studies
	In vitro studies
	Risk of bias analysis

	Discussion
	Strength and limitation of included studies
	Conclusion
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


