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Abstract

Introduction: Recently, the consumption of probiotics to decrease Oxidative Stress (OS) has been recommended. The present study aimed to
assess the effect of probiotics on OS in various diseases as well as in different models in a systematic review study.

Materials and Methods: Articles were searched through scientific sources such as PubMed, MEDLINE, Wiley, EMBASE, ISI Web of Knowledge
and Scopus by two review authors independently. The keywords that applied to search these articles included: Probiotics, OS, Stresses,
Oxidative and Stress. Results were then combined and reviewed regarding the type of study, type of disease/participants and outcomes.

Results: In order to conduct this study, 19 eligible studies were investigated. The results showed that various probiotics supplements could
improve OS parameters in pregnant women, patients with type 2 diabetics, Diabetic Kidney Disease (DKD) type 2, gestational diabetes mellitus,
and the aging process, inflammatory factors in petrochemical workers, acute necrotizing pancreatitis, and polycystic ovary syndrome. However,
no significant effect was reported on the oxidative status in patients with Rheumatoid Arthritis.

Conclusions: Probiotics supplements could improve OS biomarkers in various diseases. There are still some controversies about these methods

and types of probiotics supplementations. It is recommended that more studies should be conducted for a better decision.
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Introduction
Recently, OS has been prevalent in various disease groups
and OS related to as inequality between prooxidants and
antioxidants.'® Raise in OS is broadly considered as a
mechanism included in developing cancer, diabetes, Parkinson's
iliness, Alzheimer, heart illness, neurological and psychiatric
disorders. Furthermore, some studies have revealed an increase
in the risk of melanoma, bladder and prostate carcinoma and
pulmonary mesothelioma in petrochemical workers.>*

Several procedures to decrease OS have been recommended
including the consumption of antioxidants particularly
vitamins A, C, and E, carotenoids, polyphenols as well as
eating vegetables and fruits.®® Also, the consumption of
probiotics in order to decrease OS has been introduced.
Probiotics are microorganisms that are supposed to produce
health advantages for creatures when used. However, there
are some controversies about the effectiveness of different
probiotics as well as various diseases on OS. The effects of
probiotics have been evaluated in pregnant women, patients
with type two diabetes mellitus and the inflammatory factors
of subjects.®13

The purpose of this study was to review studies about the
effect of probiotics on OS in various diseases in order to

support clinicians and patients to have a better knowledge of
these methods and determining a better healing option. An
extremely standardized evidence-based review can be one of
the best references for clinicians to choose their therapy
program.

Materials and Methods

We searched records through scientific sources such as
PubMed, MEDLINE, Wiley, EMBASE, ISI Web of
Knowledge and Scopus by two review authors independently.
The keywords that applied to search these articles included:
probiotics, OS, stresses, oxidative and stress. Two researchers
independently assessed titles and abstracts. After excluding
irrelevant records, all the full text of studies were included.
Then, results were combined and reviewed regarding the type
of study, type of disease/participants and outcomes (Figure 1).

Results

Our search initially retrieved 158 studies published in
September 2018. However, 132 papers were eliminated
because of duplication between databases. Then, 26 studies
were included for primary screening. Upon screening titles
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and abstracts, 19 studies were identified for full-text review.
Table 1 shows studies' characteristics regarding the authors'
name (year), the type of study, type of disease/participants

|

and outcomes. We reviewed studies about the evaluation of
the effect of probiotics on OS based on animal, humans and
in vitro studies in various diseases.
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Figure 1. PRISMA Flow Diagram

Animal Studies
Robles-Vera et al. (2018) evaluated the effect of probiotic
Lactobacillus fermentum CECT5716 (LC40) on the reduction
of hypertension in rats with chronic Nitric Oxide (NO)
synthase inhibition. They randomly divided the rats into
four different groups and followed up for four weeks: 1)
vehicle plus L-NAME (50 mg/100 ml in drinking water); 2)
vehicle (control); 3) LC40 plus L-NAME; and 4) LC40 (10°
colony-forming units/day by gavage). The gut dysbiosis
increased with L-NAME, mostly by a reduced Bifidobacterium
content and increased Fimicutes/Bacteroidetes (F/B) ratio,
decreased Treg in Mesenteric Lymph Nodes (MLN) and
raised Thl7 cells, increased reactive oxygen species,
decreased aortic endothelium-dependent relaxant response
to acetylcholine, and hypertension. The LC40 prohibited gut
dysbiosis, chiefly by changing the Th17/Treg equilibrium in
MLN, inflammation, and vascular OS, which enhanced
faintly endothelial dysfunction but did not prevent the
increase of L-NAME-induced hypertension. They concluded
that chronic LC40 treatment decreased the initial events of
atherosclerosis development, including pro-inflammatory
status and vascular OS, as an outcome of inhibition of gut
dysbiosis.

Yadav et al. (2018) examined the effects of probiotic

bacteria Lactobacillus fermentum MTCC for decreasing
cholesterol in rats fed with cholesterol-enriched diet. They
divided the rats into three groups: 1) control group (SD); 2)
fed cholesterol-enriched diet along with L. fermentum
MTCC; 3) fed cholesterol-enriched diet (CED) for 90 days.
They demonstrated that the levels of anti-oxidative enzyme
activities such as superoxide dismutase, catalase, and
glutathione peroxidase in the kidney and liver decreased in
the CED group compared to the SD group. Hence, this study
recommended probiotic supplementation can be improved
to suppress the OS created by overload of cholesterol by
rising the anti-oxidative enzyme activities in the liver and
kidney.?

Aluwong et al. (2015) assigned the effects of vitamin C
(Vit-C) and probiotic therapy on OS, hyperglycemia, and
dyslipidemia in alloxan-induced diabetic rats. The animals
were divided into six groups based on received regimens for
four weeks: (a) Normal saline; (b) alloxan (c) alloxan +
insulin; (d) alloxan + probiotic; (e) alloxan + Vit-C; (f)
alloxan + probiotic + Vit-C. The Probiotic + Vit-C regimen
significantly reduced blood glucose levels in the diabetic
treated group, compared with the untreated diabetic group.
The Probiotic + Vit-C regimen decreased serum malondialdehyde
level, in kidneys and brain, but improved the activity of
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Table 1. Studies' Characteristics

Authors' name (Year) Type of Type of Type of probiotics Outcomes
study disease/participants
Robles-Vera et al Animal Hypertension in rats Lactobacillus fermentum ~ Decrease initially events of atherosclerosis
(2018)! that have chronic nitric ~ CECT5716 (LC40) development, including pro-inflammatory status
oxide (NO) synthase and vascular oxidative stress, as an outcome of
inhibition inhibition of gut dysbiosis
Yadav et al (2018)? Animal Hyper cholesterol in rat  Lactobacillus fermentum  Suppress the oxidative stress created by overload
MTCC of cholesterol by rising the anti-oxidative enzyme
activities in the liver and kidney
Aluwong et al (2015)” Animal Hyperglycaemia, and Vitamin C (Vit-C) and Vit-C and probiotic may be more efficient than
dyslipidaemia in probiotic Vit-C alone, in oxidative stress, ameliorating
alloxan-induced hyperglycaemia, and dyslipidaemia in alloxan-
diabetic rats induced diabetic rats
Mohammadi Sartang Animal Diabetic Probiotic soymilk Decreased malondialdehyde (MDA) level
et al (2015)"° fortified with omega-3 comparison to the diabtic group
Bouhafs et al. (2015)" Animal Endosulfan in pregnant L. plantarum BJ0021 BJ0021 reduced apoptosis and might perform a
rats protecting function in decreasing toxicity of
endosulfan in pregnant rats
Pandey et al. (2015)" Animal DMH-induced PQQ-producing Improved
systemic oxidative probiotic £. coli CFR 16
injury and modified
neurotransmitter status
in rat brain
Kaushal et al. (2012)" Animal Aging in mice Probiotic Dahi including  Possible nutraceutical intervention to combat
Lactobacillus oxidative stress and molecular modifications
acidophilus and correlated with aging
Bifidobacterium bifidum
Castex et al. (2010)" Animal Infection level and/or L. stylirostris and Reduction of the infection level
an improvement of the  probiotic Pediococcus
antioxidant status of acidilactici
the shrimps
Hajifaraji et al. Humans  Women with Streptococcus Improve oxidative stress biomarkers and several
(2017)3 gestational diabetes Thermophilus STY-31, inflammations
mellitus Lactobacillus
acidophilus LA-5,
delbrueckii bulgaricus
LBY-27, Bifidobacterium
BB-12, and Lactobacillus
Karamali et al. Humans Inflammation, and Probiotic Valuable effects on SHBG, total testosterone,
(2018)* hormonal profiles in supplementation mFG scores, TAC and MDA levels, hs-CRP, but
women with polycystic did not affect other metabolic profiles
ovary syndrome
Miraghajani et al. Humans  Diabetic kidney Soy milk Improve several oxidative stress factors
(2017)3 disease type 2
Badehnoosh et al. Humans  Pregnancy results in Lactobacillus casei, Reduction fasting plasma glucose, plasma
(2017)% gestational diabetes Lactobacillus malondialdehyde (MDA) concentrations,
acidophilus, and MDA/TAC ratio, and serum high-sensitivity C-
Bifidobacterium bifidum  reactive protein (hs-CRP) compared with the
placebo group.
Hariri et al. (2015)® Humans  Type Il diabetic Soy milk, Lactobacillus Increased antioxidant status in type Il diabetic
patients plantarumA7 patients; so that they reported that probiotic soy
milk is a potential agent for diabetes management
Vaghef-Mehrabany et Humans ~ Women with Probiotic No significant impact of L. casei 01
al. (2016)'2 Rheumatoid Arthritis supplementation such as  supplementation was recognized on the oxidative
a daily capsule status of patients with Rheumatoid Arthritis
containing 10(8) colony
forming units (CFUs) of
Lactobacillus casei 01 (L.
casei 01)
Mohammadi et al. Humans  Inflammatory factors in  Probiotic yogurt or Profitable outcomes on biomarkers of oxidative
(2015)'° petrochemical workers ~ multispecies probiotic stress
capsule
Asemi et al. (2013)"7 Humans  Metabolic Multispecies probiotic Increase in FPG and resulted in a reduction in
characterizations, high-  appendices serum hs-CRP and a rise in plasma total
sensitivity C-reactive antioxidant capacity and total glutathione
protein (hs-CRP), and
oxidative stress in type
two diabetes cases
Asemi et al. (2012)"? Humans  Pregnant women Probiotic yogurt Raised levels of erythrocyte GR as respect to the
traditional yogurt, but could not influence other
indices of oxidative stress the use of probiotic yogurt
Romanin et al. In vitro Anti-inflammatory Kluyveromyces The Caenorhabditis elegans model used for show

(2015)°

ability

marxianus CIDCA 8154

ability to change oxidative stress /n vivo. They
demonstrated that K. marxianus CIDCA 8154 can
manage the cellular oxidative stress and intestinal
inflammation

http://www.biotechrep.ir

328) Appl Biotechnol Rep, Volume 8, Issue 4, 2021


http://www.biotechrep.ir/

Mahmoudi et al

Continue

Akyol et al. (2003)'® In vitro Pancreatic infections

Probiotic Saccharomyces

MDA levels reduced and SOD levels rose

boulardji (25 mg/d orally
qg.d.), group Il received
meropenem (60 mg/kg
intraperitoneally b.i.d.),
group Il received
ciprofloxacin (40 mg/kg
intraperitoneally b.i.d.)

antioxidant enzymes. They concluded that Vit-C and
probiotic may be more efficient than Vit-C alone, in OS,
ameliorating hyperglycemia, and dyslipidemia in alloxan-
induced diabetic rats.”

Mohammadi Sartang et al. (2015) evaluated the effects of
probiotic soymilk fortified with omega-3 in diabetic rats.
They divided 65 rats into five groups (13 animals per group).
They reported that three products considerably decreased
the malondialdehyde (MDA) level compared to the diabetic
group.'® Bouhafs et al. (2015) revealed that the performance
of L. Plantarum BJ0021 reduced apoptosis and might
perform a protecting function in decreasing the toxicity of
endosulfan in pregnant rats.!* Pandey et al. (2015) showed
the antioxidant effectiveness of PQQ-producing probiotic E.
coli CFR 16 on DMH-induced systemic oxidative injury
and modified the neurotransmitter status in the rat brain.*
Castex et al. (2010) confirmed that bacterial infection leads
to OS in L. stylirostris and showed an advantageous effect
of probiotic Pediococcus acidilactici, recommending both a
competitive elimination outcome leading to a reduction of
the infection level and/or an improvement of the antioxidant
status of the shrimps.** Kaushal et al. (2012) recommended
that probiotic Dahi including Lactobacillus acidophilus and
Bifidobacterium bifidum can be utilized as a possible
nutraceutical intervention to combat OS and molecular
modifications correlated with aging in mice.®

Humans' Studies

Hajifaraji et al. (2017) evaluated the effect of probiotic
supplementation on OS biomarkers and inflammation in
women with Gestational Diabetes Mellitus (GDM). They
studied 64 pregnant women with GDM in a clinical trial, and
randomly examined them to receive a probiotic including
four bacterial strains of Streptococcus thermophilus STY-31,
Lactobacillus acidophilus LA-5, delbrueckii bulgaricus
LBY-27, Bifidobacterium BB-12, and Lactobacillus for eight
following weeks. The results demonstrated improving tumor
necrosis factor-a and high-sensitivity C-reactive protein
levels in the probiotic group. On the other hand, the serum
interleukin-6 levels reduced in both groups following the
intervention. Erythrocyte glutathione peroxidase, glutathione
reductase, and malondialdehyde levels enhanced considerably
when using probiotics. They concluded that probiotics
including bacterial strains of Streptococcus Thermophilus
STY31, Lactobacillus acidophilus LAS5, Lactobacillus delbrueckii

subsp. bulgaricus LBY-27, Bifidobacterium BB-12, and
Lactobacillus can improve OS biomarkers and several
inflammations in women with GDM.3

Karamali et al. (2018) assessed the effects of probiotic
supplementation on the biomarkers of OS and inflammation,
and hormonal profiles in women with Polycystic Ovary
Syndrome (PCOS). These 60 women (18-40 years) with
PCOS were divided into two groups to receive either
probiotics or placebo (n = 30 each group) for 12 weeks. The
results after 12 weeks intervention demonstrated the fact that
probiotic supplementation considerably improved plasma
Total Antioxidant Capacity (TAC) (p = 0.04) and serum Sex
Hormone-Binding Globulin (SHBG) (p<0.001), modified
Ferriman-Gallwey (mF-G) scores (p<0.001), decreased
serum total testosterone (p = 0.03), plasma MDA concentrations
(p<0.001), and serum high-sensitivity C-reactive protein
(p<0.001). Ultimately, they concluded that probiotic
supplementation of PCOS women for 12 weeks have valuable
effects on SHBG, total testosterone, mFG scores, TAC and
MDA levels, hs-CRP, but did not affect other metabolic
profiles.*

Miraghajani et al. (2017) evaluated the effects of probiotic
soymilk utilization on OS biomarkers in DKD type 2 patients.
They examined 48 patients using diet probiotic soymilk (200
ml/day) for eight weeks of intervention. They demonstrated
that probiotic soymilk groups had an upper mean value of
reduced glutathione (GSH) compared with the placebo group.
The oxidized glutathione levels constantly and considerably
decreased compared to the control group. In addition, the
activity levels of antioxidant enzymes significantly increased.
They concluded that probiotic soymilk consumption can improve
several OS factors in DKD patients. They recommended that
advanced studies should be carried out with consideration of
personality differences.

Badehnoosh et al. (2017) evaluated the effects of probiotic
supplementation on OS, biomarkers of inflammation, and
pregnancy results in Gestational Diabetes (GDM). Sixty
subjects with GDM enrolled in this study. Patients were
divided into two groups including a placebo group (n = 30)
and receiving a probiotic capsule containing Lactobacillus
casei, Lactobacillus acidophilus, and Bifidobacterium bifidum
group (n = 30) for 6 weeks. The results demonstrated that
probiotic supplementation considerably reduces fasting plasma
glucose (p = 0.01), plasma MDA concentrations (p = 0.03),
MDAJ/TAC ratio (p = 0.004), and serum high-sensitivity C-
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reactive protein (hs-CRP) (p<0.001) compared with the
placebo group. Also, TAC levels significantly rose (p = 0.002)
in probiotic supplementation.®

Hariri et al. (2015) examined the impacts of probiotic
soymilk on OS in type 2 diabetic patients. The 40 patients
(35-68 years) were divided into two groups (experimental
group (200 ml/day of probiotic soymilk [Lactobacillus
plantarum A7]), and control group (200 ml/day of soymilk)
for eight weeks. They reported a considerable boost in
superoxide dismutase (SOD) activity in the probiotic
soymilk group (p = 0.01). They concluded that the use of
probiotic soymilk increased the antioxidant status in type 2
diabetic patients. They reported that probiotic soy milk is a
potential agent for diabetes management.8

In a randomized double-blind clinical trial study, Vaghef-
Mehrabany et al. (2016) assessed the influence of probiotic
supplementation such as a daily capsule containing 10
Colony Forming Units (CFUs) of Lactobacillus casei 01 on
OS in women with Rheumatoid Arthritis. They reported no
significant impact of L. casei 01 supplementation on the
oxidative status of patients with Rheumatoid Arthritis.!2

In a randomized, double-blind, placebo-controlled trial study
in petrochemical workers, Mohammadi et al. (2015) revealed
that the use of probiotic yogurt or multispecies probiotic
capsules had profitable outcomes on the biomarkers of 0S.16

Asemi et al. (2013) evaluated the influences of multispecies
probiotic appendices on metabolic characterizations, high-
sensitivity C-reactive protein (hs-CRP), and OS in type two
diabetes cases. They showed an increase in FPG and resulted
in a reduction in serum hs-CRP and a rise in plasma total
antioxidant capacity and total glutathione. Also, in a
randomized controlled clinical trial study, Asemi et al.
(2012) showed raised levels of erythrocyte GR as respect to
the traditional yogurt.'’

In Vitro Studies
Romanin et al. (2015) evaluated the anti-inflammatory
ability of Kluyveromyces marxianus CIDCA 8154 in different
models. They reported that pretreatment of epithelial cells
with yeast decrease the concentration of intracellular reactive
oxygen species. The model of yeast-treated animals showed
a decrease in the levels of circulating interleukin 6 (p < 0.05)
and histopathological score (p < 0.05). The Caenorhabditis
elegans model was used to show the ability to change OS in
vivo. They demonstrated that K. marxianus CIDCA 8154
can manage cellular OS and intestinal inflammation.®

Akyol et al. (2003) assessed the influence of antibiotic and
probiotic treatment on secondary pancreatic infections and
OS parameters in acute necrotizing pancreatitis. They
determined that MDA levels reduced and SOD levels rose.*®

Conclusion
The results showed that various probiotics supplements

could improve OS parameters in pregnant women, patients
with type 2 diabetics, DKD type 2, gestational diabetes
mellitus, and aging process, inflammatory factors in
petrochemical workers, acute necrotizing pancreatitis, and
polycystic ovary syndrome. No significant effect was
reported on the oxidative status of patients with Rheumatoid
Arthritis. So far, several methods have been suggested in
order to decrease OS. However, recent studies have
introduced probiotic supplements to decrease OS. There are
still some controversies about these methods. Therefore, it
is recommended that advanced studies should be conducted
for a better decision.

Acknowledgment

The authors would like to thank the staff of the Trauma
Research Center, Bagiyatallah University of Medical
Sciences for their kind cooperation with the researchers of
this study.

Authors’ Contributions

Concept and design: SM and HRJ; Data gathering: SM,
MRG, HG, MF, FS, and HRJ; Data analysis: SM, MRG,
HG, MF, FS, and HRJ; preparing draft and confirming of
final version: SM, MRG, HG, MF, FS, and HRJ.

Conflict of Interest Disclosures
The authors declare that they have no conflicts interest.

References

1. Robles-Vera I, Toral M, de la Visitaciyn N, Sanchez M,
Romero M, Olivares M, et al. The probiotic Lactobacillus
fermentum prevents dysbiosis and vascular oxidative
stress in rats with hypertension induced by chronic nitric
oxide blockade. Mol Nutr Food Res. 2018;62(19):
1800298. doi:10.1002/mnfr.201800298

2. Yadav R, Dey DK, Vij R, Meena S, Kapila R, Kapila S.
Evaluation of anti-diabetic attributes of Lactobacillus
rhamnosus MTCC: 5957, Lactobacillus rhamnosus
MTCC: 5897 and Lactobacillus fermentum MTCC: 5898
in streptozotocin induced diabetic rats. Microb Pathog.
2018;125:454-62. doi:10.1016/j.micpath.2018.10.015

3. Hajifaraji M, Jahanjou F, Abbasalizadeh F, Aghamohammadzadeh
N, Abbasi MM, Dolatkhah N. Effect of probiotic
supplements in women with gestational diabetes mellitus
on inflammation and oxidative stress biomarkers: a
randomized clinical trial. Asia Pac J Clin Nutr. 2018;27
(3):581-91. doi:10.6133/apjcn.082017.03

4. Karamali M, Eghbalpour S, Rajabi S, Jamilian M, Bahmani
F, Tajabadi-Ebrahimi M, et al. Effects of probiotic
supplementation on hormonal profiles, biomarkers of
inflammation and oxidative stress in women with
polycystic ovary syndrome: a randomized, double-blind,
placebo-controlled trial. Arch Iran Med. 2018;21(1):1-7.

5. Miraghajani M, Zaghian N, Mirlohi M, Feizi A,
Ghiasvand R. The impact of probiotic soy milk
consumption on oxidative stress among type 2 diabetic
kidney disease patients: a randomized controlled clinical
trial. J Ren Nutr. 2017;27(5):317-24. doi:10.1053/j.jrn.
2017.04.004

6. Badehnoosh B, Karamali M, Zarrati M, Jamilian M,
Bahmani F, Tajabadi-Ebrahimi M, et al. The effects of

http://www.biotechrep.ir

J App! Biotechnol Rep, Volume 8, Issue 4, 2021 | 330


http://www.biotechrep.ir/
https://doi.org/10.1002/mnfr.201800298
https://doi.org/10.1016/j.micpath.2018.10.015
https://doi.org/10.1053/j.jrn.2017.04.004
https://doi.org/10.1053/j.jrn.2017.04.004

Mahmoudi et al

probiotic supplementation on biomarkers of inflammation,
oxidative stress and pregnancy outcomes in gestational
diabetes. J Matern Fetal Neonatal Med. 2018;31(9):1128-
36. doi:10.1080/14767058.2017.1310193

Aluwong T, Ayo JO, Kpukple A, Oladipo OO.
Amelioration of hyperglycaemia, oxidative stress and
dyslipidaemia in alloxan-induced diabetic wistar rats
treated with probiotic and vitamin C. Nutrients. 2016;8
(5):151. doi:10.3390/nu8050151

Hariri M, Salehi R, Feizi A, Mirlohi M, Ghiasvand R,
Habibi N. A randomized, double-blind, placebo-
controlled, clinical trial on probiotic soy milk and soy
milk: effects on epigenetics and oxidative stress in
patients with type Il diabetes. Genes Nutr. 2015;10(6):52.
doi:10.1007/s12263-015-0503-1

Romanin DE, Llopis S, Genoviis S, Martorell P, Ramyn
VD, Garrote GL, Rumbo M. Probiotic yeast Kluyveromyces
marxianus CIDCA 8154 shows anti-inflammatory and
anti-oxidative stress properties in in vivo models. Benef
Microbes. 2016;7(1):83-93. doi:10.3920/BM2015.0066
Mohammadi Sartang M, Mazloomi SM, Tanideh N,
Rezaian Zadeh A. The effects of probiotic soymilk
fortified with omega-3 on blood glucose, lipid profile,
haematological and oxidative stress, and inflammatory
parameters in streptozotocin nicotinamide-induced diabetic
rats. J Diabetes Res. 2015;2015:696372. doi:10.1155/20
15/696372

Bouhafs L, Moudilou EN, Exbrayat JM, Lahouel M, Idoui
T. Protective effects of probiotic Lactobacillus plantarum
BJOO21 on liver and kidney oxidative stress and apoptosis
induced by endosulfan in pregnant rats. Ren Fai. 2015;
37(8):1370-8. doi:10.3109/0886022X.2015.1073543
Vaghef-Mehrabany E, Homayouni-Rad A, Alipour B,
Sharif SK, Vaghef-Mehrabany L, Alipour-Ajiry S. Effects of
probiotic supplementation on oxidative stress indices in
women with rheumatoid arthritis: a randomized double-
blind clinical trial. ] Am Coll Nutr. 2016;35(4):291-9.
doi:10.1080/07315724.2014.959208

Pandey S, Singh A, Chaudhari N, Nampoothiri LP, Kumar
GN. Protection against 1, 2-di-methylhydrazine-induced
systemic oxidative stress and altered brain neurotransmitter
status by probiotic Escherichia coli CFR 16 secreting
pyrroloquinoline quinone. Curr Microbiol. 2015;70(5):
690-7. doi:10.1007/s00284-014-0763-9

Castex M, Lemaire P, Wabete N, Chim L. Effect of
probiotic Pediococcus acidilactici on antioxidant defences
and oxidative stress of Litopenaeus stylirostris under
Vibrio nigripulchritudo challenge. Fish Shellfish Immunol.
2010;28(4):622-31. doi:10.1016/].f5i.2009.12.024
Kaushal D, Kansal VK. Probiotic Dahi containing
Lactobacillus acidophilus and Bifidobacterium bifidum
alleviates age-inflicted oxidative stress and improves
expression of biomarkers of ageing in mice. Mol Biol
Rep. 2012;39(2):1791-9. doi:10.1007/s11033-011-0920-1
Mohammadi AA, Jazayeri S, Khosravi-Darani K, Solati Z,
Mohammadpour N, Asemi Z, et al. Effects of probiotics
on biomarkers of oxidative stress and inflammatory
factors in petrochemical workers: a randomized, double-
blind, placebo-controlled trial. Int ) Prev Med. 2015;6:82.
doi:10.4103/2008-7802.164146

Asemi Z, Zare Z, Shakeri H, Sabihi SS, Esmaillzadeh A.
Effect of multispecies probiotic supplements on metabolic
profiles, hs-CRP, and oxidative stress in patients with type
2 diabetes. Ann Nutr Metab. 2013;63(1-2):1-9. doi:10.11
59/000349922

Akyol S, Mas MR, Comert B, Ateskan U, Yasar M,
Aydogan H, et al. The effect of antibiotic and probiotic
combination therapy on secondary pancreatic infections
and oxidative stress parameters in experimental acute
necrotizing pancreatitis. Pancreas. 2003;26(4):363-7.
doi:10.1097/00006676-200305000-00009

Asemi Z, Jazayeri S, Najafi M, Samimi M, Mofid V,
Shidfar F, et a. Effect of daily consumption of probiotic
yogurt on oxidative stress in pregnant women: a
randomized controlled clinical trial. Ann Nutr Metab.
2012;60(1):62-8. doi:10.1159/000335468

331 | J Appl Biotechnol Rep, Volume 8, Issue 4, 2021

http://www.biotechrep.ir


http://www.biotechrep.ir/
https://doi.org/10.3390/nu8050151
https://doi.org/10.1007/s12263-015-0503-1
https://doi.org/10.3920/BM2015.0066
https://doi.org/10.1155/2015/696372
https://doi.org/10.1155/2015/696372
https://doi.org/10.1080/07315724.2014.959208
https://doi.org/10.1007/s00284-014-0763-9
https://doi.org/10.1016/j.fsi.2009.12.024
https://doi.org/10.1007/s11033-011-0920-1
https://dx.doi.org/10.4103%2F2008-7802.164146
https://doi.org/10.1159/000349922
https://doi.org/10.1159/000349922
https://doi.org/10.1159/000335468

