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Abstract

Recent studies manifest an increase of inflammatory diseases at an alarming rate due to gut microbiota dysbiosis, genetic and
other environmental factors. Lactic acid bacteria (LAB) are known for their antimicrobial properties and their extensive applica-
tions in food and pharmaceutical industries. Cyclic peptides are receiving increased attention due to their remarkable stability to
withstand variations in temperature and pH. LAB produces anti-inflammatory that can inhibit lipopolysaccharide-induced pro-
duction of proinflammatory cytokines in macrophages. The structural backbones of cyclic peptides offer a promising approach
for the treatment of chronic inflammatory conditions. The current review aims to present the overview of anti-inflammatory

and wound healing properties of LAB-derived cyclic peptides.
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Introduction

Lactic acid bacteria represent a cohort of microorganisms
that are available in food sources, fermented foods, intestinal
walls of humans and animals and have been consumed by
humans without any side effects. Several selected strains,
with well-defined characteristics, are included as probi-
otics in order to highlight the special advantages to con-
sumers. Probiotic LAB has shown to aid in the prevention
and treatment of diseases such as intestinal inflammation
(LeBlanc et al. 2008). Inflammation is a consequent reac-
tion of immune system to fight infections and heal wounds
(Le Blanc et al. 2020). Numerous studies have shown that
LAB strains and their associated peptides can modulate the
host’s immune response by influencing the production of
cytokines involved in the process of regulating and acti-
vating immune cells. They can exert immunomodulatory
activities by stimulating the production of interleukin (IL)10
and/or lowering the levels of proinflammatory cytokines
(Choi et al. 2019; La Manna et al. 2018; Dos Santos et al.
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2016; Shadnoush et al. 2013). Studies have shown that the
modulation of the host’s immune response is the main mech-
anism by which LAB implies benefits against inflammatory
bowel diseases (IBD). Inflammatory bowel disease (IBD)
is a group of disorders consisting of ulcerative colitis (UC)
and Crohn’s disease (CD) (Tiwari 2022). LAB has proven
to have known effects in treating paucities, UC, and CD
(Florou-Paneri et al. 2013). The bacteriocins produced by
LAB can repair the cell damage by modulating the expres-
sions of anti-inflammatory cytokines (Herndndez-Gonzalez
et al. 2021). Cyclic peptides exhibit better biological activity
as compared to the other compounds due to their conforma-
tional rigidity. The rigidity of cyclic peptides decreases the
entropy of Gibbs free energy, thereby allowing the enhanced
binding toward target molecules. The cyclic structure ren-
ders them resistant to hydrolytic actions of enzymes such
as exopeptidases and endopeptidases. Their structural rigid-
ity, receptor selectivity, and biochemical stability also make
them more membrane permeable as compared to the other
counterparts. Novel cyclic peptides derived from LAB have
sought attention due to their antibacterial activity making
them applicable to use in the food and therapeutic industries.
They have been extensively studied for other applications
because of their heat stability, pH tolerance, and property
to resist enzymatic actions. While most cyclic peptides
derived from LAB are known to have antimicrobial prop-
erties against pathogenic microorganisms, certain peptides
also have anti-inflammatory and wound healing properties.
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The cyclic peptides from Lactobacillus reuteri inhibit
enteropathogens like yeast, fungi, protozoa, and viruses and
promote the growth of beneficial Gram-positive bacteria
(Liu et al. 2020). They also play a major role in intestinal
dysbiosis and immunopathogenesis of IBD. Cyclic peptides
from Lacticaseibacillus casei, Lactiplantibacillus plantarum,
Lacticaseibacillus rhamnosus, and Lactobacillus acidophilus
competed with intestinal pathogens and lowered cholesterol
level and improved IBD (Abdi et al. 2021). Recent studies
reported that the topical application of formulations of cyclic
LAB cyclic peptides can improve skin health and combat
alteration of skin homeostasis. L. rhamnosus LR improves
skin barrier function and is effective in improving the heal-
ing of infected chronic ischemic wound lesions (Venosi
et al. 2019). Cyclic peptides from L. reuteri ATCC-55730
have been reported to have an anti-inflammatory effect on
infected keratinocytes by reducing the transcription level of
interleukin-8 (IL-8) and human-beta-defensin-2 (hBD)
(Widyarman et al. 2018); L. plantarum K8 inhibits the tumor
necrosis factor-alpha (TNF-a)) and interferon-gamma (IFN-y)
expression (Jeon et al. 2016).

This review focuses on discussing the anti-inflammatory
properties exhibited by LAB strains and the cyclic peptides
derived from LAB. A summary about the nano-drug
delivery systems of the peptides has also been included.

Pathogenesis of wound healing

Wound healing activity is a complicated and vital process
that innervates the missing cellular structures and their
respective tissue layers. Wounds can be classified into two
types based on their time of healing, namely acute wounds
and chronic wounds. Acute wounds restore themselves and
heal normally by following a concise and efficient healing
process, with the outcome of both cellular and tissue resto-
ration. Chronic wounds do not heal properly or in a timely
fashion and therefore do not progress through the normal
healing stages (Martin and Nunan 2015). The process of
wound healing can be distinguished into four overlapping,
temporary phases namely (a) coagulation /hemostasis phase,
(b) inflammatory phase, (c) proliferative phase, and (d)
remodeling phase (Janis and Harrison 2016).

Hemostasis/coagulation phase

Hemostasis is the initial stage to appear following an injury.
The damaged blood vessels form blood clot preventing blood
loss from the site of damage. Platelet receptors interact with
extracellular matrix (ECM) proteins (collagen, fibronectin)
promoting adherence to the blood vessel wall. Platelet activa-
tion by thrombin triggers a conformational change and release
of alpha and dense granules which reinforce coagulation.
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Platelet plug—an insoluble clot of fibrin, fibronectin, vit-
ronectin, and thrombospondin—is formed to prevent bleed-
ing. The platelet plug also shields the wound against bacte-
rial invasion, providing a scaffold for the immune cells and
cytokines to guide the early repair (Delavary et al. 2011).
Platelets recruit immune cells by capturing them in the plug
or by releasing chemokine attractants (Golebiewska and
Poole 2015). Platelet also expresses a number of Toll-like
receptors (TLRs) to regulate the production of antimicrobial
peptides. Once sufficient clot is formed, coagulation stops,
and platelet aggregation gets inhibited by prostacylin followed
by inhibition of thrombin, coagulation factors V and VII by
antithrombin IIT and activated protein C respectively (Mann
2003). The injured vessel wall is repaired by smooth muscle
cells and endothelial cells that proliferate in response to PDGF
(Kingsley et al. 2002).

Inflammatory phase

Innate inflammation is the primary defense against patho-
genic wound invasion and is initiated by signals induced by
the injury; damage-associated molecular patterns (DAMPs)
released by the damaged tissue (Wilkinson and Hardman
2020). DAMPs and pathogen-associated molecular pattern
(PAMP) activate mast cells, T cells, and macrophages by
binding to suitable receptors and elicit inflammatory path-
ways (Chen and DiPietro 2017). This is followed by a subse-
quent release of proinflammatory cytokines and chemokines
that result in an inflow of leukocytes to the site of injury
(Martin and Leibovich 2005). Proinflammatory cytokines
stimulate vasodilation which facilitates neutrophil and mono-
cyte adhesion and diapedesis (Vestweber 2015). Chemoat-
tractants like interleukin-1 (IL-1), tumor necrosis factor-
alpha (TNF- &), and bacterial lipopolysaccharides (LPS)
recruit neutrophils into the wound (Kolaczkowska and Kubes
2013). Neutrophils release their own cytokines in response
to proinflammatory signals and remove necrotic tissue and
pathogens by phagocytosis (Segel et al. 2011). They also
destroy pathogens using DNA coated with antimicrobial pep-
tides (Brinkmann et al. 2004). In the absence of infection, the
neutrophils are removed by innate clearance mechanisms like
macrophage efferocytosis and apoptosis while the remain-
ing neutrophils return to the circulation through transen-
dothelial migration (Lin et al. 2011; Yoo and Huttenlocher
2011). Circulating monocytes are recruited after neutrophil
and on reaching the site of injury these monocytes differenti-
ate into macrophages (Rodero et al. 2014).

Macrophages induced by proinflammatory stimuli like
LPS and interferon-gamma (IFN-y) promote inflammation
by releasing reactive oxygen species (ROS), inflammatory
cytokines (IL-1, IL-6, and TNF-¥), and growth factors (vas-
cular endothelial growth factor (VEGF), platelet-derived
growth factor (PDGF)). These macrophages replace
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neutrophils as the main inflammatory mediators (Delavary
et al. 2011). During the later stages of inflammation, in situ
switching of existing macrophages to an anti-inflammatory
phenotype is stimulated by miRNAs (Das et al. 2015), effe-
rocytosis (Das et al. 2014), or changes in cytokines (Khallou-
Laschet et al. 2010). Macrophages activated by alternate
ways express anti-inflammatory cytokines (IL-4, IL-10,
IL-13, IL-5) and arginase along with various growth factors
that promote angiogenesis and re-epithelialization (Jetten
et al. 2014; Barrientos et al. 2008; Eming et al. 2007). So the
collective actions of macrophages promote scavenging of
bacteria, proinflammatory cells, thereby promoting stabiliza-
tion and remodeling of tissues and blood vessels.

Proliferative phase

The proliferative phase of wound healing begins with exten-
sive activation of keratinocytes, fibroblasts, macrophages,
and endothelial cells to promote wound closure, collagen
deposition, and angiogenesis (Shaw and Martin 2016). Due
to the changes in mechanical tension and electrical gradients,
keratinocytes get activated and these activated keratinocytes
undergo a partial epithelial-mesenchymal transition (Li et al.
2007a, b). Keratinocytes migrate across the wound to form
epidermal layer (Wager and Leavesley 2015), and modu-
late their cell adhesion through protein kinase C-a (PKC-
a)—mediated changes (Thomason et al. 2012) and ephrin
(Eph)-mediated changes in adherens junctions (Nunan et al.
2015), resulting in the arrangement of their order in migrat-
ing epithelial sheets (Shaw and Martin 2016). The epider-
mal cells start growing from damaged appendages in shallow
wounds. Specific stem cell compartments such as Lgr- and
Lgr6-expressing cells from the hair follicle contribute to re-
epithelialization (Joost et al. 2018). Keratinocytes, with the
aid of matrix metalloproteinase (MMP-1 and MMP-9) and
proteases (plasmin) (Rousselle et al. 2019), migrate through
the necrotic tissue and debris of the wound bed. This migra-
tion terminates when keratinocytes from opposite edges meet
and a thin epithelial layer is formed (Baum and Arpey 2005).

Fibroblasts are responsible for establishing the granulation
tissue. These cells respond to signals from platelets, endothe-
lial cells, and macrophages and either become profibrotic or
differentiate into myofibroblasts (Li et al. 2007a). Fibroblast
replaces the provisional matrix with a granulation tissue rich
in fibronectin, immature collagens, and proteoglycans (Xue
and Jackson 2015), with the aid of MMPs. This granulation
tissue supports the formation of new blood vessels and depo-
sition of mature ECM by acting as a scaffold for the migra-
tion and differentiation of wound cells.

The blood vessels formed during angiogenesis help to
meet the metabolic requirements of the healing tissue. Angi-
ogenesis is triggered by hypoxia which in turn triggers the

expression of hypoxia-inducible factors (HIFs), cyclooxyge-
nase 2 (COX 2), and release of VEGF (Huang et al. 2005).
The endothelial cells in turn proliferate and migrate into
the wound bed, forming new blood vessels to form a tubu-
lar network (Honnegowda et al. 2015). Macrophages aid in
angiogenesis by producing MMPs to promote endothelial
migration. Macrophages also guide the vessel’s tips together
(Fantin et al. 2010) and phagocytosing vessels (Gurevich
et al. 2018; Poche et al. 2015).

Remodeling phase

Remodeling phase starts with deposition of fibrin clot and
collagen-I. Fibroblasts replace the initial fibrin clot with
hyaluronan, fibronectin, and proteoglycans and form mature
collagen fibrils (Darby et al. 2014). During the healing pro-
cess, Collagen-III is replaced by collagen-I which increases
the tensile strength of the scar. A major difference between
the uninjured and healed skin is the orientation of collagen
fibril. Collagen fibrils in uninjured skin have a basket weave
orientation while the scarred tissue adopts a parallel bundle
orientation (Young and McNaught 2011). A fine balance
between collagen degradation and synthesis is achieved with
regulation of matrix metalloproteinase (MMP), which cleave
native collagens throughout the repair. Elastin reforms elas-
tin fibers to retain skin elasticity (Darby et al. 2014; Duca
et al. 2004). Myofibroblast contraction is facilitated by pseu-
dopodial extensions, allowing cytoplasmic actin to bind to
desmosomes, thereby binding to matrix fibrils and drawing
the matrix together by a process termed as contracture. The
wound healing response stops when macrophages, endothe-
lial cells, and fibroblasts undergo apoptosis, leaving a scar
(Larouche et al. 2018).

Pathogenesis of inflammation

Inflammation is a sequence of innate defense mechanisms
that are generated by the vascular tissue against infec-
tious and noninfectious stimuli such as damaged cells,
irritants, or pathogens. The inflammatory processes are
generally controlled and self-limiting while some progress
as chronic inflammatory diseases (Cafiedo-Dorantes and
Cafiedo-Ayala 2019; Mathews et al. 2015). Local and sys-
temic inflammatory responses seek to eliminate the trig-
gering stimuli while promoting tissue repair and healing
processes, whereas, in the case of an infection, it tends to
generate an immunological memory so that the host can
respond more quickly and more effectively to a future
encounter (Fullerton and Gilroy 2016).

An inflammatory response involves four components:
inflammatory inducers, detecting sensors, downstream
mediators, and affected target tissues (Freire and Van Dyke
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2013). Following a wounding event, the main cells engaged
in an inflammatory response are neutrophils, macrophages,
mast cells, and lymphocytes. These cells are crucial in gen-
erating and stopping inflammation at the wound site, as well
as facilitating subsequent stages of the healing process (Koh
and DiPietro 2011). Cytokines are important mediators that
help to coordinate the inflammation and repair processes in
injured muscles. Proinflammatory cytokines not only initiate
inflammation but also initiate repair, emphasizing the close
relationship between inflammatory and repair/regeneration
mechanisms (Oishi and Manabe 2018). Anti-inflammatory
cytokines are molecules that are generally involved in the
process that regulates the production of proinflammatory
cytokine responses. Anti-inflammatory macrophages also
release growth factors to promote re-epithelization, fibropla-
sia, and angiogenesis (Wilkinson and Hardman 2020). The
collective behaviors of macrophages promote scavenging
of bacteria and proinflammatory cytokines (Nosbaum et al.
2015). Cytokines that promote inflammation include IL1p,
1IL2, IL6, ILS8, IL12, IL17, tumor necrosis factor (TNF)a,
interferon (IFN) y, and colony stimulating factor (CSF) 1,
whereas anti-inflammatory cytokines include interleukin 4,
interleukin 10, interleukin 13, and tumor growth factor TGF
B (Ermakova 2018).

The type and severity of the inflammatory responses
are determined by the nature of the inflammatory stimu-
lus (bacterial, viral, or parasitic) as well as its persistence
(Medzhitov 2010). Toll-like receptors (TLRs) expressed by
tissue resident macrophages recognize bacterial pathogens.
Inflammatory cytokines, chemokines, and proinflammatory
lipid mediators like prostaglandins are released due to the
binding of Toll-like receptors (Aderem and Ulevitch 2000).

There are 2 phases of inflammation that are acute and
chronic phases, though there is overlap between these processes.

Acute inflammation

The acute inflammatory response is the initial response which
is complicated but well-coordinated cascade of events involv-
ing cellular, molecular, and physiological modifications. It
initiates from the production of soluble mediators which are
vasoactive amines, complement, cytokines, chemokines,
free radicals, and eicosanoids (prostaglandins) by resident
cells, i.e., lymphocytes, tissue macrophages, dendritic cells,
fibroblasts, endothelial cells, and mast cells in wounded or
infected tissue (Fullerton and Gilroy 2016). These mediators
elevate vascular permeability, allowing plasma containing
antibodies and so many more soluble components, such as
complement, which are essential for the humoral immune
response (bacterial opsonization), and the dilution of harmful
factors. Resident cell produces chemokines which establish
gradients on the microvascular endothelium’s intraluminal
surface, trapping and attracting neutrophils with the help of
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chemokine receptors. Activated neutrophils enter inflamed
tissue via the endothelium and engage in intense antibac-
terial killing activities like degranulation and formation of
reactive oxygen species via the oxidative burst. Monocytes
follow neutrophils and link the adaptive and innate immune
responses, deciding whether or not the damage can be healed
with or without the support and help of the adaptive immune
system (Headland and Norling 2015).

This acute cellular phase is enough to repair any injury
depending upon the severity of the damage. Chronic inflam-
mation can occur because of the prolonged exposure to
inflammatory stimulus or an inappropriate response to self-
molecules. During this phase, active immune cell populations
can lead to the transition in to a mononuclear phenotype,
causing tissue injury and fibrosis (Germolec et al. 2018).

Chronic inflammation

Inflammation that fails to heal for several months or years is
referred to as chronic inflammation. In chronic inflamma-
tion, plasma cells, lymphocytes, and macrophages predomi-
nate over neutrophils, which predominate in acute inflam-
mation (Pahwa et al. 2018). When inflammatory responses
become chronic, cell mutation and proliferation can occur,
often creating an environment favorable to cancer develop-
ment (Singh et al. 2019).

Chronic inflammation has been linked to a wide range of
diseases and disorders such as cancer, cardiovascular dis-
ease, diabetes, autoimmune diseases, arthritis, asthma, pul-
monary diseases, atherosclerosis, Alzheimer’s disease, and
aging-related conditions. Chronic inflammation has been
linked to invasion, promotion, proliferation, cellular trans-
formation, survival, angiogenesis, and metastasis, among
other steps in tumorigenesis (Germolec et al. 2018; Pahwa
et al. 2018; Singh et al. 2019).

Anti-inflammatory properties exhibited
by strains of lactic acid bacteria

Notable characteristics such as wound healing and anti-
inflammatory properties have been exhibited by Lactoba-
cillus strains. Various mechanisms related to it have been
discussed briefly.

Lactiplantibacillus plantarum

L. plantarum A41 in combination with L. fermentum SRK414
has the ability to downregulate the levels of cytokines that
promote inflammation like TNFa, IL1b, and IL8. Further-
more, they were able to inhibit the expression of inflammatory
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mediators induced by LPS-stimulated inflammation (Lee
and Kim 2020). When taken in conjunction with training, L.
plantarum PS128 was able to decrease the proinflammatory
cytokines like interleukin 6, 8, and TNFa and also showed
to increase the production of anti-inflammatory cytokines
(IL10) in athletes after intense exercise (Huang et al. 2019).
The anti-inflammatory effect of L. plantarum Lp62 was first
tested on HT 29 cell lines with the disease-causing micro-
organism Salmonella typhi 6539 acting as an inflammatory
stimulus. L. plantarum Lp62 was shown to reduce the IL 8
production by S. fyphi—stimulated HT 29 cells, thus showing
its anti-inflammatory properties (Ferreira Dos Santos et al.
2016). In the mice model induced with colitis, L. plantarum
Lp91 induced the inhibition of TNFa and cycloxygenase-2
(COX2). It was also found that anti-inflammatory markers
such as IL10, COX1, IL4, and IL6 were drastically increased
in mice that were induced with L. plantarum Lp91 (Duary
et al. 2012). In addition, L. plantarum ZS2058 along with L.
rhamnosus GG (LGG) pretreated in mice were able to sig-
nificantly reduce the CRP (C-reactive protein) levels when
infected with Salmonella infection. The reduced levels of CRP
indicate that these probiotic strains alleviate the inflammatory
responses (Liu et al. 2019a, b). L. plantarum has been shown
to reduce the wound area in mice and also helps in accelerat-
ing the wound healing process (Nasrabadi et al. 2011). Stud-
ies showed that the application of L. plantarum gel not only
elevated the wound healing process by elevating the synthesis
of collagen but also increased the number of fibroblasts and
TGF BLP levels, and reduced infection risks in diabetic rats.
This shows that L. plantarum can be used in delayed wound
healing (Salaran et al. 2019).

Lactococcus lactis

There are many research studies on the wound healing and
anti-inflammatory activity of L. lactis. L. lactis NK34 has
been seen inhibiting the nitric oxide production and proin-
flammatory cytokines like TNFa, interleukin 18, and COX2
in LPS (lipopolysaccharide)-induced RAW 264.7 cell lines,
thereby possessing anti-inflammatory activity (Han et al.
2015). A recombinant strain of L. lactis with IL 35 was used
to suppress collagen-induced arthritis, hence reducing IL 17
and IFN and increasing the production of proinflammatory
cytokine IL 10 in mice (Maddaloni et al. 2018). Further-
more, L. lactis MG1363 FnBPA + not only enhanced the IL
10 production in mice but also reduced the disease severity
and lowered the production of proinflammatory cytokines
(Zurita-Turk et al. 2020). Mice fed with L. lactis NCDO 2118
had shown to reduce the IL 1p—induced IL 8 secretion and
hence it exhibits potential anti-inflammatory effects (Luerce
et al. 2014). In addition, L. lactis ML2018, in RAW264.7
cells, inhibited the nitric oxide release and the expression of
inflammation induced by LPS. The in vivo anti-inflammation

effects of L. lactis ML2018 were studied in an animal model
of colitis induced by dextran sodium sulfate (DSS) (Liu et al.
2019a, b). L. lactis also exhibits wound healing properties.
Studies show that Lactococcus in a heparin poloxamer
hydrogel can be designed to bioengineer the wound micro-
environment and boost angiogenesis which could further be
helpful in diabetic wound healing (Lu et al. 2021). Further-
more, L. lactis thermosensitive hydrogel was able to heal the
wound faster and also significantly helped to reduce the
wounded area of inflammation in mice (Lu et al. 2020).

Lacticaseibacillus rhamnosus

L. rhamnosus is one of the strains with surface piliation
(SpaCBA). L. rhamnosus was recombinantly engineered to
generate native pili where it showed that SpaCBA pilus was
able to modulate the synthesis of pro- and anti-inflammatory
cytokines in dendritic cells procured from human mono-
cytes (Ossowski et al. 2013). Studies show that SpaCBA
regulates anti-inflammatory effects in murine macrophage
RAW cell line by inducing IL.10 mRNA and decreasing the
IL6 mRNA (Vargas Garcia et al. 2015). L. rhamnosus GG
(LGG) has been demonstrated to be a promising tool in the
treatment of chronic inflammation. Cancer may develop as
a result of chronic inflammation caused by IL8. LGG has
been shown to be successful in declining the manufacture of
IL8 generated by Helicobacter pylori as well as the adher-
ence on cells of gastric adenocarcinoma (Banna et al. 2017).
Furthermore, L. rhamnosus LS 8 along with L. crustorum
MNO047 was shown to alleviate body weight gain and insu-
lin resistance and obstruct proinflammatory cytokines like
TNFa, IL1b, and IL6 in adipose tissue of mice treated with
the two strains (Wang et al. 2020). In addition, sea buckthorn
(Hippophae rhamnoides L.), malt, along with L. rhamno-
sus GG (ATCC 53103) decreased the LPS-induced inflam-
mation in zebrafish. The findings revealed that there was a
considerable decrease in the expression of proinflam-
matory cytokines like TNFa, Interleukin 1b, with high
expression of IL10 (Sireswar et al. 2020). According to the
studies, L. rhamnosus strain LDTM 7511 showed to decrease
the expression of proinflammatory cytokines in the dextran
sulfate sodium—induced colitis model of mice which can be
potentially used in the treatment of inflammatory bowel dis-
ease (Yeo et al. 2020). Furthermore, the samples from ulcera-
tive colitis patients incubated with L. rhamnosus GG showed
lower expression of TNF and IL17 (Pagnini et al. 2018). L.
rhamnosus also showed certain wound-healing properties.
Studies showed that wounds treated with L. rhamnosus
enhance skin wound closure and scar reduction, in addition to
reducing inflammation and fibrogenesis thereby improving angi-
ogenesis in the wounded skin (Moreira et al. 2021). Recently,
an expedited gap closure using human keratinocytes in vitro
using lysates of L. rhamnosus was observed.
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Enterococcus

Enterococcus faecalis from infants was shown to inhibit
the proinflammatory cytokine secretion, particularly IL8,
via the JNK and p38 pathways (Wang et al. 2014). Ente-
rococcus faecium HDRSEf1 strain could help decrease
the expression of proinflammatory factors IL1, IL6, ILS,
IL12p35, IL17, and TNFa while having no effect on anti-
inflammatory factors IL10, PPAR, and TSLP in HT 29 cell
lines (Tian et al. 2016). Studies also showed that E. faecium
HDRSsESf1 (Ef1) modulate the release of interleukin 8 by
IPEC J2 cells Efl and its cell free supernatants were found
to be capable of protecting enterocytes from an inflamma-
tory condition. Furthermore, E. faecalis EF 2001 treatment
in mice reduced the expression of various cytokines, consist-
ing of cyclooxygenase, interferon a, interleukin 1, and IL6
in ulcerated bowel induced with DNBS and also inhibited
DNBS-induced colonic tissue injury (Choi et al. 2019). In
addition, E. faecalis was able to decrease the IL8 secretion
and also increase the secretion of TGFp in human intesti-
nal Caco2, HT29, and HCT116. It was also found that this
strain was able to modulate the inflammatory reactions via
TLR3, TLR4, TLRY9, and TRAF6 (Wang et al. 2008). In
LPS-stimulated macrophage cell lines, E. faecium, Lactoba-
cillus rhamnosus GG MTCC 1408, and LCS demonstrated
a substantial anti-inflammatory effect by downregulating
TNF aipha production and increasing the expression of IL 10
levels (Divyashri et al. 2015). Enterococcus also exhibits
certain wound-healing properties. Studies found that treat-
ing skin wounds with the heat killed KH2 strain of E. fae-
calis elevated wound healing by increasing the production
of inflammatory cytokines, which may be involved in the
production of growth factors. Furthermore, increased growth
factor production may hasten re-epithelialization, granula-
tion tissue formation, and angiogenesis (Tanno et al. 2021).

Lactobacillus casei

L. casei 393 has been demonstrated decreasing the produc-
tion of proinflammatory cytokines such as interleukin 10,
interleukin 6, and TNF o in mice models induced with DMH
(Casas-Solis et al. 2020). L. casei Zhang also showed to
decrease the levels of proinflammatory cytokines in rat mod-
els, hence reducing inflammation (Wang et al. 2016). Fur-
thermore, Lacticaseibacillus casei DG was able to decrease
the levels of proinflammatory cytokines and upregulate
the production of anti-inflammatory cytokines like inter-
leukin 10 in an ex vivo model of irritable bowel syndrome
(Compare et al. 2017). L. casei BL23 possessed immu-
nomodulatory effects by downregulating the proinflamma-
tory cytokine IL22 (Jacouton et al. 2017). In a mouse model
with a high fat diet, L. casei CRL 431 was shown to decrease
the expression of interleukin 6 and 17, and TNFa which
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are essential proinflammatory cytokines (Novotny Nifiez
et al. 2015) L. casei also possessed certain wound-healing
properties. L. casei was shown to reduce inflammation and
also increased the fibroblast cells, which further acceler-
ated the wound healing process in an infection caused by
Pseudomonas aeruginosa (Abootaleb et al. 2021). Studies
show that L. casei was able to heal ulcers on the skin of dia-
betic rats, thereby reducing the area of the skin (Majid et al.
2016). L. casei shirota increased the number of fibroblasts
which aided in accelerating the healing process of traumatic
ulcers in rats (Kusumaningsih et al. 2021). Various other
strains of lactic acid bacteria with anti-inflammatory prop-
erty are shown in Table 1.

Lactic acid bacteria-derived cyclic peptides

Lactic acid bacteria are considered to be the most widely
researched microorganisms over several years (Pasolli et al.
2020). Lactic acid bacteria are classified according to their
morphological, metabolic, and physiological characteris-
tics. Lactobacillus, Enterococcus, Lactococcus, Leuconos-
toc, Pediococcus, and Streptococcus comprise the core LAB
group. Lactobacillus species are Gram positive, non-motile,
non-spore forming, rod-shaped non-respiring (catalase nega-
tive), auxotrophic, aciduric, facultative anaerobes that release
lactic acid as a major end product of carbohydrate fermen-
tation (Bai and Ji 2017). They are widely used in the food
industry for the production of fermented products and also
as a food safety tool. Some LAB strains can produce bac-
teriocins, which are polypeptides exhibiting antimicrobial
activity against a specific class of bacteria of the same or dif-
ferent species. Bacteriocins, in particular, are very desirable
to the food sector because they do not influence the flavor
or fragrance of the end products (Moraes et al. 2010). The
bacteriocins from lactic acid bacteria are commonly divided
into three groups based on their structure and properties as
discussed in Table 2. They include the following: class I lan-
tibiotics which are very small in size, i.e.,>5 kDa, include
lactocin and nisin; class II non-lantibiotics are also small,
i.e., <10 kDa, cationic, heat stable, unmodified bacteriocins,
comprising a double glycine leader being hydrophobic pep-
tides, with plantaricin A, pediocin PA1, lactococcin G, and
leucocin A as an example of class Ila and class IIb, respec-
tively; and class III are larger in size, i.e.,> 30 kDa, heat
labile bacteriocins with helveticin J and enterolysin as con-
stitutive (Nes and Holo 2000). Detection, purification, and
characterization of several bacteriocins from lactic acid bac-
teria are done. However, the only bacteriocin in use is Nisin
which is produced by Lactococcus lactis. It has a molecular
weight of 3500 Da and consists of unusual amino acids. The
utilization of cyclic peptides derived from LAB with probi-
otic potential has been demonstrated to be an effective way
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Table 1 Anti-inflammatory properties of Lactic acid bacterial strains

Strains Anti-inflammatory properties

References

Ligilactobacillus salivarius ssp.
salivarius CECT5713
NO synthase) expression

Lactobacillus pentosus

Inflamed tissue recovery in rat colitis TNBS model,
Improvement in the production of proinflammatory cytokines and iNOS (inducible

Alleviate ulcerative colonic inflammation caused by DSS in murine model

(Peran et al. 2005)

(Ma et al. 2020)

Beneficial for regulation of intestinal Immunity
Encourages the growth of beneficial bacterial metabolites like pantothenic acid

Lactobacillus curvatus WiKim38
Activation of NF-kB and ERK

Pediococcus acidilactici
epithelial cells

Bacillus amyloliquefaciens SCGBI Upregulated IL-10 production and downregulated IL-6 production in macrophage

cell line induced with LPS

Lacticaseibacillus casei

Increased IL 10 levels in bone marrow—derived dendritic cells

Suppressed the IL-8 production by Enterococcus faecalis in human intestinal

Upregulation of anti-inflammatory cytokines and downregulation of proinflammatory

(Ma et al. 2020)
(Yoon and Kang 2020)
(Kang et al. 2021)

(Tien et al. 2006)

cytokines on shigella induced human epithelial cells

Lactobacillus gasseri NCi501

Reduced inflammation in IL-10 deficient mice

(Carroll et al. 2007)

iNOS inducible NO synthase, NF-KB nuclear factor kappa light chain enhancer of activated B cells, ERK extracellular signal regulated kinase
pathway, /L interleukin, LPS lipopolysaccharide, TNBS trinitrobenzenesulfonic acid

to improve one’s well-being. Cyclic peptides are immune to
proteolytic enzymes as well as severe physiological stimuli
with changes in pH and temperature. The LAB cyclic pep-
tides have been known to be successful against gastroin-
testinal infections such as Helicobacter pylori, E. coli, and
Salmonella species (Silpa and Rupachandra 2020). Cyclic
peptides have a wide range of applications in the treatment
of various diseases and disorders.

Anti-inflammatory cyclic peptides derived
from LAB

Cyclic peptides from LAB are reported to be primarily active
against closely related organisms (Zacharof and Lovitt 2012).
Their application in controlling human pathogens is promis-
ing with a suitable mode of delivery. The emerging applica-
tions of LAB peptides in adjuvant therapy, vaccine develop-
ment, and bioprotective agents are relevant in prevention of
infection and amelioration (Mokoena 2017). They are typi-
cally composed of two or more amino acids linked together
by peptide bonds and depict a broad spectrum of biological
activities like antibacterial, antifungal, anti-inflammation,
and so on (Zhang et al. 2019). Peptides that can mimic the
activity of mediators involved in inflammation-related dis-
eases are gaining popularity these days.

Following the injury, the vessels constrict rapidly to
reduce bleeding from the wound. Platelet plug is formed
which releases growth factors that are important in the phases
of healing. DAMPs, hydrogen peroxide, LPS, and interfer-
ons activate macrophages at the site of injury. In the early
stages of wound healing, macrophages are proinflammatory,
expressing TNF-o and IL-6 and IL-1p. Proinflammatory

macrophages recognize and engulf pathogens into phago-
somes, rapidly killing them. Proinflammatory macrophages
also recruit MMPs which aid in migration of new keratino-
cytes. During the later stages of inflammation, there is a tran-
sition of proinflammatory macrophages to anti-inflammatory
macrophages which contribute to new vessel formation and
re-epithelialization (Rodrigues et al. 2019). The cyclic pep-
tide entering the site of injury helps in the downregulation
of various proinflammatory cytokines. They also promote
macrophage recruiting to the margin of wound area. Vari-
ous peptides can also elevate the expression of transform-
ing growth factor (TGF). Cyclic peptides can also promote
wound contraction, expression of alpha-smooth muscle actin
(a-SMA), and differentiation of fibroblast to myofibroblasts
(Tang et al. 2014). Figure 1 depicts the mechanism by which
cyclic peptides act upon its exposure toward the site of
inflammation. Although some of them are found in nature,
the majority of them are encoded in the structure of related
proteins and can be released through various processes (La
Manna et al. 2018). Lactic acid bacteria can be found in many
sources. Cyclic peptides derived from LAB act as an immune
modulating agent and showcase anti-inflammatory proper-
ties in affected tissues by promoting a reduction in the pro-
inflammatory cytokines and a rise in the anti-inflammatory
cytokines (Hernandez-Gonzélez et al. 2021).

Nisin

Nisin is a lantibiotic produced by Gram-positive bacteria
Lactococcus and Streptococcus species (Shin et al. 2016).
It is an antibacterial peptide that consists of 34 amino acid
residues and has a wide range of applications (Kitagawa
et al. 2019). The class I lantibiotic consists of five methyl
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Cyclic peptides Reference

Characteristic Features

Subclasses

Table 2 Different Classes of Bacteriocins derived from lactic acid bacteria and their characteristic features

Class

@ Springer

Small (<5 kDa) peptides consisting of Nisin Z and Q, Nukacin ISK-1, Subtilin, = (Ahmad et al. 2017; Mokoena 2017)

Lanthipeptides—Ia; globular and

I lantibiotic

Mersacidin

lanthionine and beta-methyllanthionine.

inflexible bacteriocins—IIb;

sactpeptides—Iic

(Alvarez-Sieiro et al. 2016; Bédard

Enterocin NRK-5- 3¢, Enterocin A,

Small heat-stable, non-lanthionine-

II non-lantibiotic ITa—peptides like pediocin

and Biron 2018; Borreoro et al. 2011;

Munditicin, Leucocin A, Lactococcin q,
enterocin, nrk-5- 3az, Plantaricin

Lactocyclin q, leucocyclin q

containing bacteriocins. Heat stable

IIb two-peptides
IIc leaderless

Fimland et al. 2005; Nissen-Meyer et al.

peptides active mainly against Listeria

Monocytogenes.
Two-peptide bacteriocins,

Circular bacteriocins.

2010; Oppegard et al. 2007; Perez et al.

2018; Sawa et al. 2009)

Non-pediocin like single peptide—IId

(Sun et al. 2018)

Lysostaphin,

High mol. weight bacteriocins > 30 kDa

Bacteriolysins-IIla,
Nonlutic-ITIb

I

which are thermolabile and unmodified Helveticin J

peptides.
Destroys target cells by disrupting plasma

membrane potential.

iNOS inducible NO synthase, NF-KB nuclear factor kappa light chain enhancer of activated B cells, ERK extracellular signal regulated kinase pathway, /L interleukin, LPS lipopolysaccharide

lanthionine rings that require various post-translational mod-
ifications that are then introduced in the precursor peptide
(Reiners et al. 2020). Different variants of Nisin have been
identified. Some of the natural variants are Nisin A, Z, Q,
and U (Piper et al. 2011). There are many research stud-
ies on the anti-inflammatory and wound-healing activi-
ties of Nisin. Recent findings suggested that Nisin along
with kanamycin helped in reducing the cytokines involved
in inflammation and accelerated the production of anti-
inflammatory cytokines in rats, which can be used in the
treatment of Staphylococcus-induced endometriosis (Jia
et al. 2019). Nisin along with different licorice polyphe-
nols has been shown to inhibit NF kf activation induced
by E. faecalis implying that these combinations have anti-
inflammatory properties (Grenier et al. 2020). Nisin Z
modulated innate immune responses by inducing chemokine
synthesis and suppressing LPS induced proinflammatory
cytokines (Kindrachuk et al. 2013). In addition, Nisin can
also be used in wound dressings. Nisin A has been proven
to have immunomodulatory effects and also enhances the
wound-healing process in human keratinocytes, human
umbilical vein in vitro and porcine model ex vivo as it
enhances skin cell mobility, impedes the effect of lipopoly-
saccharide, proinflammatory cytokines, and inhibits bacte-
rial growth (Mouritzen et al. 2019). Studies also showed
that Nisin preconditioned with mesenchymal stem cells on
PLLA (poly-(I-lactide)-acid) scaffold helped in reducing
the expression of inflammatory genes, making it useful in
wound healing (Karimi et al. 2021).

Nisin is also reported to be effective in the treatment
of various infections when administered via subcutaneous,
intraperitoneal, intranasal and intravenous studies (Campion
et al. 2013; Jabes et al. 2011; De Kwaadsteniet et al. 2009;
Kruszewska et al. 2004). The half-life of nisin is reported
to be 7-10 min due to the rapid adsorption on to surface of
the microbiota within the intestine (Dobson et al. 2011).
Enhanced nisin could be relevant if the conventional anti-
biotic therapy fails or safety issues predominate. Hagiwara
et al. (2010) have established the safety of nisin in 90-day
oral toxicity study involving rats where the rats were fed a
diet containing nisin. No adverse effects were observed even
at a dosage of 0.13mg/kg body weight/day. Reports also
indicate the absence of hemolytic activity even at concen-
trations of 500 mg/L. S. aureus—infected mice treated with
Nisin showed a rapid decrease in the bioluminescence due
to the rapid cell lysis (Van Staden et al. 2016). Reports
suggest that nisin inhibits cell wall biosynthesis by binding
to cell wall precursor thereby disrupting synthesis of pepti-
doglycan. Binding of nisin leads to pore formation resulting
in the leakage of cellular components (Van Staden 2012).
A significant reduction of Clostridium difficille after nisin
treatment was reported in a human colon model (Le Lay
et al. 2015).
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Anti-inflammatory activity of cyclic peptides at the site of
inflammation
- SITE OF INFLAMMATION
g ’
@ .
_ - ° ' : ‘ k- . e \ E @ , . = .
a = - = ‘ p | [ - @ - = | 2 "
= ® e® @ ' - e o' ¥ ® @ ] ® & o ;)‘ % .sgg DL,® @ ‘ @& e ® 2
. Permeability
.. Degranulation of macrophages B N
Macrophage activation § - O AT i
N

causes

Proinflammatory cytokines
DAMPs

Bacterial lipopolysaccharides
Interferons

Activation of innate immune system

Leukocytes chemoattractants
Mast cell numbers

Inflammatory cycle

¥ - e ——

Fig. 1 Schematic representation of anti-inflammatory activity of cyclic
peptides at the site of inflammation. Abbreviations used: TNFao, tumor
necrosis factor a; DAMP, damage-associated molecular pattern; /L 1,

Plantaricin

Plantaricin is a bacteriocin produced by Lactobacillus plan-
tarum that is known to possess anti-microbial activity. The
major types of plantaricin are A, C, W, and S that first began
as a precursor which consists of a double glycine moiety,
later synthesized by L. plantarum via the PInE and PInF
genes. The PInG and PInH proteins then export and pro-
cess these peptides (Kareem and Razavi 2020). Various
other strains of plantaricin have also been identified and are
known to have great importance in different areas. There
are many research studies on the anti-inflammatory and
wound healing activities of Plantaricin. Plantaricin NC8
af showed to suppress the proinflammatory mediators of
S. aureus and also increased the keratinocyte’s inflamma-
tory responses when infected with S. aureus infection (Musa
et al. 2021). L. plantarum strains have shown potential in
the treatment of irritable bowel syndrome using probiotics
to decrease abdominal discomfort and gas (Li et al. 2020).
They also dampen inflammatory reactions in the host’s gut
by modulating the immune response, improving the barrier
function of the epithelium (Hirao et al. 2014) and reduc-
ing the translocation of native microbes (Pavan et al. 2010).
L. plantarum ability to synthesize PInEFI contributes anti-
inflammatory potential. The TNBS persuaded wild type
strain NCIMB8826 R will not be restricted to colitis. The

IL-1, IL-6, IL-12, TNF-a

Activates COX-2, LOX-2,iINOS

6, 12, interleukin 1, 6, 12; COX 2, cyclooxygenase 2; LOX 2, lipoxyge-
nase 2; iNOS, inducible nitric oxide synthase

pathogenesis of Crohn’s disease in people is comparable
to that of severe colitis in acute TNBS model (Scheiffele
and Fuss 2002). Evidence suggests that a single colony
isolation of NCIMB8826 (L. plantarum WCFSI) notably
reduced TNBS-induced inflammation (Yin et al. 2018) yet
no confirmation is established for disease attenuation, non-
significant reduction in inflammatory responses. L. plan-
tarum NCIMB8826 R and LM0419 were detected in equal
amounts in the stool and in the appendix contents of mice
according to 16 s rRNA sequencing, q PCR. This indicates
that in both healthy and diseased GI tracts, PInEFI is not
a primary determinant of L. plantarum (Ilott et al. 2015).
Native strains of lactobacilli are able to withstand inflam-
matory diseases in the gastrointestinal tract, including dex-
tran sulfate sodium-induced colitis (Tachon et al. 2014) and
Salmonella infection. L. plantarum WCFS1 showed prom-
ising effects in gut microbiota whereas both L. plantarum
NCIMB8826 R and LM0419 showed minor effects on the
bacterial composition of the fecal and appendix (Yin et al.
2018). An abundance of certain intestinal bacterial groups
has been detected for other class IIb bacteriocin producing,
lactic acid bacteria including other L. plantarum strains,
L. salivarus, Lactobacillus sake, Pediococcus acidilactici,
Enterococcus faecium, and Lactococcus garveiae (Feller
et al. 2007). Many studies have repeatedly found a substan-
tial link between Crohn’s disease and mycobacterium, which
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can be blocked by specific bacteriocins like L. plantarum
WCFS1 (Singh et al. 2018). The biosynthesis of plantaricin
is a distinctive feature that is pertinent to host microbe inter-
action in the digestive tract. Synthesis of PInEFI produced
by plantaricin is proven to be highly beneficial in maintain-
ing a healthy GI tract (Ilott et al. 2015).

The mechanism of action of plantaricins on conditions
like IBD is not well explored. The in vivo studies report
that L. plantarum can induce secretion of IL-10 in spleno-
cytes and mesentric lymphocytes, and blocks proinflam-
matory cytokine expression (IL-1, IL-6, TNF-a, COX-2
etc.). Another report suggests that L. plantarum decreased
expression of IL-1a and IL-8 while increasing the expres-
sion of IFN-c and IL-10 (Le and Yang 2018). With respect
to dosages, the most optimal dose for plantaricins like plan-
taricin E and plantaricin F was reported to be 250 mg/kg/
BMW and 500 mg/kg/BMW respectively. The plantaricins
were found to maintain leukocyte level and reduce mono-
nuclear infiltration within the intestinal track (Hanny et al.
2019). Plantaricin A was also reported to induce keratino-
cyte and fibroblast migration and differentiation and col-
lagen formation eventually leading to rapid wound healing.
It also shortened the inflammatory phase of wound healing
(Heydari et al. 2011), and complete re-epithelization of the
wound was observed within 12 days in male Wistar rats
(Moysidis et al. 2022).

Enterocin

Enterococci are a Gram-positive, facultative anaerobic-
based LAB that produces a bacteriocin named Enterocin
(Szabdova et al. 2011). Different types of Enterocin have
been identified; some include Enterocin A, B, Q, P, and
RJ (Fimland et al. 2005). Recent studies showed that the
TNF « levels were reduced by enterocin OE 342 from
LPS-stimulated PBMC cells by increasing the percentage
of IFN vy to 72.2% post-treatment (Franz et al. 2007). LAB
modify the expression of different cytokines by increas-
ing phagocytosis thus preventing inflammatory responses
in the intestine. Also in the mouse experimental model,
they restore the synthesis of IgA and replace Th1/Th2 bal-
ance (Al-Fakharany et al. 2018). Apart from being immu-
nomodulators, this strain of LAB has close relationships
with human infections. Enterocin has been shown to inhibit
bacteria from wounds and while also assisting in physi-
ological wound healing (Fang et al. 2000).

Salivaricin
Lactobacillus salivarius UC118 is known for its probiotic
properties and constitution of intestinal microbiota (Riboulet-

Bisson et al. 2012). It is a type II bacteriocin that normally
occurs in human oral cavities, vagina, and intestine. Majority

@ Springer

of L. salivarius isolates belonged to the bacteriocin producers
of subclasses Ila, IIb, and IId (O’Shea et al. 2011). A pro-
biotic mixture containing LAB has been shown to improve
intestinal epithelial integrity and protection, in case of
inflammatory luminal elements which are food and bacteria
derived. Few strains also have immunomodulatory action.
During recent research, CECT5713 a strain of L. salivarius,
obtained from breast milk, was shown to promote host immu-
nity by generating IL 10 and specific immunoglobulins, and
also shows a rise in monocyte count and natural killer cells
(Sierra et al. 2010). Additional evidence suggests Lactoba-
cillus salivarius B1 enhances Interleukin 6 gene expression
and population of immunocompetent cells in the intestines
of pigs (Zhang et al. 2011). Probiotic microorganisms such
as L. acidophilus, L. rhamnosus, and Lactobacillus salivar-
ius DPC6005 can incite changes in host microbiota activ-
ity or composition since few microbial colonies are related
to intestinal disorders such as inflammatory bowel disease
(IBD) and hemorrhoids (Ley 2010). L. salivarius UCC118
exhibits probiotic properties and provides protection against
infections from Salmonella typhimurium UK1 and LO28
and Listeria monocytogenes EGDe due to the production of
the bacteriocin Abp118 (Corr et al. 2007). Several strains
of Lactobacilli have been identified which can modify host
immunity (Walsh et al. 2008). Research conducted on L.
salivarius UCC118 concluded that the strain had no effect
on cytokine levels of IL 8 and IL 10 in pigs, but there is
a possibility in the development of various cytokines like
interleukin 6 and 12 by modulation of UCC118 as seen by
other L. salivarius strain (Peran et al. 2005; Riboulet-Bisson
et al. 2012). L. salivarius and its derived peptide, salivaricin
LHM, are of therapeutic use by stimulating the immune sys-
tem through overproduction of proinflammatory cytokines
like interleukin 10 and interleukin 4. Lactobacillus salivarius
and Salivaricin LHM exhibit antimicrobial activity as well as
immunomodulatory properties by increasing the production
of proinflammatory cytokines (Mahdi et al. 2019).

Nano delivery systems of LAB-derived cyclic
peptides for treating inflammatory diseases

Because of their small dimensions and flexible surface
chemistry, nanoparticulate (NP) drug delivery devices are
of special interest among inflammation targeting methods in
IBD. Recently, new drug delivery methods for IBD therapy
that selectively targets the site of inflammation have been
developed (Zhang et al. 2017). Nanoparticle-mediated drug
delivery systems have been widely used to treat chronic
inflammatory diseases such as IBD (Yang and Merlin 2019).
A drug that is nanoparticle loaded may have the same/better
efficacy at a smaller dose than the same drug rendered in a
traditional formulation (Melero et al. 2017). Nanoparticles
may enhance the pharmacokinetics of the drug particles,
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reducing toxicity and dosing frequency. The physiological
changes indicated by the inflamed tissues are often the tar-
get approaches employed for NP-based drug delivery in the
treatment of IBD (Dahan et al. 2010). These short peptide
NPs are efficient in conquering several limitations associated
with the conventional treatment methods by reducing adverse
health effects and increasing drug accumulation at the tumor
site (Saravanan and Barabadi 2021), thereby resulting in
enhanced efficacy of the cancer therapeutics (Rayatpour and
Javan 2021). Studies showed that Nisin was electro spun into
nano fibers which then significantly reduced the S. aureus
infections in murine models and also helped in accelerating
the wound healing process (Jia et al. 2019). We have mainly
discussed the potential examples of nano delivery systems of
LAB-derived cyclic peptides in Table 3.

Conclusion and future prospects

This review provides an overview of the current knowledge
on anti-inflammatory and wound-healing properties of lactic
acid bacteria and its derived peptides which is very essential
in combating modern day diseases. Certain LAB strains and
their cyclic peptides downregulated the expression of pro-
inflammatory cytokines and upregulated the production of
anti-inflammatory cytokines respectively thereby aiding in
the wound-healing process.

The rise in pathogenic organisms and mortality rate
remains a major concern around the world, necessitating the
development of a new approach for the prevention and treat-
ment of infectious diseases. Lactic acid Bacteria has attracted
a lot of attention due to their unique properties and ability to
produce bacteriocins. They have the ability to reduce the per-
petual demand for natural products and functional food which
appears to be an emerging field of research. Bacteriocins have
diverse applications in various fields which have led them to
gain a lot of importance in the scientific world and are also
considered to provide therapeutic properties to cure inflam-
mation-related diseases like ulcerative colitis. Previous studies
have explored the potential of LAB strains in food industries
without harmful effects. Cyclic peptides derived from lactic
acid bacteria produce inhibitory effects against food-borne
pathogens and elevate the levels of serum anti-inflammatory
cytokines. Novel cyclic peptides can decrease drug depend-
ence and also provide aid in disease resistance. The role of
cyclic peptides in areas other than the food industry has to be
explored further. Nano-drug delivery systems of LAB-derived
cyclic peptides can have the potential to deliver drugs to a
specific site of action effectively. Peptide-incorporated nano-
materials can open opportunities against the treatment of dis-
orders like cancer. The advantages of LAB and its derived
peptides being evaluated with the help of in vivo and in vitro

@ Springer

assays provide substantial support for their great application
in a variety of medical therapies.
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