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Abstract:

 Extensive burns impair systemic homeostasis by precipitating a hyperinflammatory reaction. The 
dysregulation predetermines the development of complications in patients, including infections, 
sepsis, and metabolic disorders. Probiotics are live microorganisms that have been associated with 
health-promoting effects at sufficient doses, generating an increasing clinical interest in the role of 
probiotics during the treatment of burn-injured patients in reducing the incidence of complications 
and accelerating the recovery process. The current review examines the molecular and physiological 
mechanisms involved in the effects of probiotics on gut microbiota, host defense, inflammation, and 
wound healing in burn management. The findings indicate that probiotics may enhance the healing 
process by modulating the immune response and promoting a balanced gut microbiome. Further 
investigations are needed to establish standardized protocols for probiotic administration in clinical 
settings, ensuring optimal outcomes for patients with burn injuries. It also reviews the scientific 
and clinical data that supports probiotic use in infection prevention, wound repair, and systemic 
inflammation control. Lastly, the article explains the issues related to the clinical use of probiotic 
therapy and suggests future areas of research to maximize its use in burn treatments.
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Introduction
The growing occurrence of burns, which rank 

among the most devastating injuries, demands 
prompt action. On top of being a common cause of 
sickness and impairment, they endanger millions 
of lives every year, to varying degrees. Surface 
skin and tissue damage isn’t the only thing burns 

do; they can also trigger a cascade of other, more 
catastrophic complications. Burn victims have an 
increased risk of significant inflammation, reduced 
immune function, sepsis, multi-organ failure, 
slower wound healing, and subsequent infections. 
The length and severity of the burn, coupled with 
the body’s reaction to it, considerably determine the 
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prognosis and recovery process (1, 2, 3). 
 There are a lot of aspects that determine how 

the body handles burns. A skin injury damages the 
epidermis, the skin’s protective barrier, setting off a 
chain reaction of inflammatory reactions and changes 
in the immune system. Although some degree of 
inflammation is normal and even expected after a 
small burn, it can become life-threatening in the 
event of a severe burn. Opportunistic infections are 
more common due to this disorder’s inflammatory 
effects and immune system weakness. Additionally, 
systemic inflammation can cause harm to distant 
organs and an increased risk of mortality (4, 5).

Changes to the gut flora as a result of burns 
have received less focus from researchers. In 
terms of homeostasis and immunity, the stomach 
is a factor. Intestinal pathogens and their toxins 
can enter the bloodstream through weakened 
intestinal barriers caused by thermal damage. 
Endotoxemia and systemic inflammation 
could both be worsened by this. When the gut 
microbiota is out of whack, a condition known 
as dysbiosis, burn patients have a harder time 
recovering and have worse clinical outcomes (7). 
Recently. The therapeutic application of probiotics 
in medicine and surgery has gained increasing 
scientific and clinical interest. Probiotics are live 
microorganisms that, when consumed moderately, 
can benefit host health. They inhibit the growth of 
pathogens, maintain the gut microbial balance, and 
promote mucosal barrier function (9). Probiotics 
have immunomodulatory effects that help the 
body keep its inflammatory and anti-inflammatory 
responses in check, increase production of pro-
inflammatory cytokines, and boost regulatory T cell 
activity. Uncontrolled inflammation and impaired 
immunity significantly contribute to the clinical 
worsening of burn patients, making these features 
all the more important for these patients (10). 

Probiotics lessen the likelihood of burn 
complications, such as the fatal sepsis and 
pneumonia, according to animal and human 
research. As a result of their beneficial effects 
on the intestinal microbiota, probiotics reduce 
systemic inflammation and prevent harmful bacteria 
from penetrating the bloodstream. Furthermore, 
probiotics speed wound healing, which may 
be because of their effects on growth factors, 
angiogenesis, and epithelial remodeling, according 
to multiple studies (11). 

According to this article, probiotics can change the 
microbiota, boost immunity, reduce inflammation, 
and help with tissue regeneration. Beyond that, it 
evaluates the existing clinical evidence, identifies 
research gaps, and proposes probiotic-enhanced 
future operations. The use of the microbiota in 
novel burn treatments is an emerging field of study, 

which includes this review.

The Role of Probiotics in Rehabilitation from Burns 
The gut microbiota plays a crucial role in human 

health by regulating inflammation, maintaining an 
intact intestinal barrier, and aiding in immune system 
homeostasis. The trillions of bacteria and other 
microbes that call the intestines home make up what 
is known as the gut microbiome, and its effects reach 
well beyond the digestive tract (12). In addition to 
strengthening the immune system, preserving the 
integrity of the gut’s epithelial barrier, and creating 
important metabolites like short-chain fatty acids 
(SCFAs) are also vital functions performed by these 
microorganisms. To be healthy, one needs a diverse 
and balanced gut flora. The reason behind this is 
that it regulates the immune system’s response to 
foreign antigens, prevents the spread of dangerous 
microorganisms, and keeps cytokines in balance (13). 

Gut dysbiosis is a condition that can arise when the 
delicate microbial balance is upset. This imbalance 
can be triggered by burn damage. Opportunistic 
pathogens, particularly Enterobacteriaceae, can 
overwhelm beneficial commensal bacteria, such as 
Lactobacillus and Bifidobacterium species, leading 
to the development of dysbiosis (14). Reduced 
blood supply to the gastrointestinal tract, systemic 
inflammation, antibiotic use, decreased gut motility, 
and other factors may hasten the shift in microbial 
composition. A lot of people who have burns go 
through all of these things. Endotoxins and bacteria 
in the intestines are able to breach the mucosal 
barrier and enter the circulation because of these 
modifications (15).

Those who suffer from burns may be at risk for 
major effects if they encounter dysbiosis in their 
gut. Some of the potentially deadly outcomes 
include significant systemic inflammation, impaired 
immunology, delayed tissue repair, an increased 
risk of sepsis, and failure of multiple organs (16). 
The majority of secondary infections in burn 
patients are caused by bacterial translocation as a 
consequence of decreased barrier function (17).  
Probiotics may lessen the severity of these side 
effects by reestablishing a healthy balance of gut 
bacteria. Taking these live microbial supplements at 
the correct dosages can cause a number of positive 
changes in the gut ecology (18). In addition to 
creating bacteriocins and organic acids, which limit 
the spread of dangerous bacteria, they also encourage 
the growth of good bacteria while inhibiting the 
growth of bad bacteria. Increased levels of tight 
junction proteins and host defense peptides, as well 
as a stronger intestinal barrier, are all benefits of 
probiotics (19). 

All aspects of the immune system are affected by 
probiotics because they have the ability to change the 
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microbiota and improve the performance of regulatory 
T cells simultaneously. Furthermore, they have the 
ability to reduce the levels of inflammatory mediators 
like TNF-α and IL-6, while simultaneously elevating 
the levels of cytokines that promote inflammation 
inhibition, such as IL-10. These immunological 
benefits are of the utmost importance since burns 
present a delicate and frequently dangerous balance 
between the suppression of the immune system and 
the excessive inflammation that occurs alongside it. 
By lowering the inflammatory cascade and boosting 
mucosal immunity, probiotics create an environment 
that is more conducive to the healing of wounds and 
improving the likelihood of systemic recovery (20).

 To summarize, the multi-pronged approach 
to treating burn injuries with probiotics aims to 
improve clinical outcomes by restoring microbial 
balance, preserving the intestinal barrier, modifying 
the immune response, and other similar mechanisms. 
The rationale for this is that probiotic therapy is an 
excellent supplement to traditional burn care, and 
there is emerging evidence that it ought to be a 
component of future techniques that will assist burn 
patients in recovering more quickly and with less 
difficulty.

Probiotic-Induced Immune Modulation in Burn 
Injuries

The immune system undergoes a complex series of 
events over many weeks or months following burns 
or other traumas. Inflammation (also known as SIRS) 
and immunosuppression (also known as CARS) 
are the two phases of the illness progression (21). 
Opportunistic infections, sepsis (the leading cause of 
mortality in burn victims), significant tissue damage, 
and a delayed healing process are just a few of the 
many problems that can arise when the immune 
system is overactive. The dual danger of immune 
suppression and systemic inflammation necessitates 
immediate efforts to discover treatments that might 
normalize the immune system and strengthen the 
host’s defenses (22). 

Immunological responses in burn patients may be 
impacted by interactions between probiotics and gut-
associated lymphoid tissue (GALT), an important 
node in the systemic immune regulation network 
(23). Intestinal epithelial cells, dendritic cells, and 
pattern recognition receptors such toll-like receptors 
(TLRs) are just a few of the cell types that probiotics 
can interact with once they enter the intestines. These 
interactions impact the innate and adaptive immune 
systems via the signaling pathways that they trigger 
or regulate (24).

By increasing the number and activity of 
macrophages and natural killer (NK) cells, 
probiotics strengthen the host’s first line of defense 
against invaders within the framework of innate 

immunity. They influence the function of antigen-
presenting cells and are critical for the activation 
and maturation of T lymphocytes. Dendritic cells 
are referred to by various names. It is possible 
that probiotics and dendritic cells will work 
together to modify T cell responses in a way that 
is less inflammatory and more regulated (25).  
Researchers have found that numerous probiotics, 
particularly those belonging to the Lactobacillus 
and Bifidobacterium genera, have the ability to 
reduce quantities of significant pro-inflammatory 
cytokines such as TNF-α, IL-1β, and IL-6. This aids 
in the regulation of these cytokines. Increased blood 
levels of these cytokines after heat damage (26). An 
integral aspect of the body’s inflammatory response 
system are these cytokines. They cause harm to 
different organs, malfunction of the endothelium, 
and leakage of capillaries. Intestinal inflammation 
is reduced by probiotics because they decrease their 
expression (27). 

The body produces more anti-inflammatory 
cytokines, including transforming growth factor-beta 
(TGF-β) and interleukin-10 (IL-10), and regulatory 
T cells (Tregs), with the help of probiotics. Reducing 
the likelihood of collateral tissue damage while 
keeping the ability to resist infections is achieved by 
improving immunological tolerance and avoiding the 
over-activation of immune responses (28). 

The effects of these immunomodulators go 
well beyond the gastrointestinal tract and have the 
potential to affect immune responses systemically. 
Since microbial substances and pro-inflammatory 
signals can travel through the epidermal and 
mucosal barriers, burn sufferers are at a higher risk 
of developing sepsis. The ways in which probiotics 
influence systemic inflammation and mucosal 
immunity allow them to alleviate or eliminate septic 
sequelae (29).

 A healthy gut microbiota supports human health 
by reducing inflammation, preserving strong barriers, 
and improving immunological stability. The gut 
microbiota has an impact beyond digestion (12). 
There are billions of bacteria and other living things 
in this huge network. These microorganisms make 
short-chain fatty acids (SCFAs), which help keep the 
gut epithelial barrier strong and boost the immune 
system. A varied and balanced gut microbiota is 
associated with improved health. This is because 
it affects how the immune system reacts to foreign 
antigens, stops harmful pathogens from getting in, 
and controls the production of cytokines (13, 14).

 A burn victim who develops stomach dysbiosis 
may experience life-threatening complications. 
Death can happen because of a weak immune system, 
a higher risk of getting infections, slow healing of 
tissues, or organ failure (15, 16). A lot of people who 
get burned end up in the hospital or die from their 
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injuries because of secondary infections. The main 
reason for these problems is that bacteria get through 
the body’s defenses (17). 

Probiotics help by bringing back a healthy balance 
of gut flora. When used as directed, these live 
microbial supplements can help the gut in many 
ways (18). They make organic acids and antibiotic 
bacteriocins, which help good bacteria and stop bad 
bacteria from growing. Probiotics increase levels of 
gut tight junction protein and host defense peptide, 
which strengthens the gut barrier (19). 

Probiotics affect the immune system in many 
ways, including changing the microbiota and making 
regulatory T cells work harder. They also raise IL-10 
levels and lower inflammatory mediators like TNF-α 
and IL-6. The immunological benefits are essential 
because the immune system is already working hard 
to keep a fragile balance between inflammation and 
suppression because of the burns. Probiotics help 
the body heal from systemic disorders and wounds 
by reducing inflammation and boosting the immune 
system (20). 

Protecting microbiota, changing how the 
immune system works, and using probiotics to 
treat burn injuries are all parts of a complete plan 
to improve clinical outcomes. More and more 
evidence suggests that probiotic therapy may help 
burn victims heal faster and feel less pain. This is 
why it works well with other treatments for burns.  
Changes to the permeability of the 
intestines and the movement of bacteria  
A diverse and balanced gut microbiota is associated 
with health due to its regulation of immune responses 
to external antigens, its role in preventing pathogenic 
microbial invasion, and its influence on cytokine 
production (13). 

People who have burns are more likely to have 
dysbiosis, which is an imbalance in the gut microbiota. 
Dysbiosis occurs when pathogenic bacteria, such as 
Enterobacteriaceae, outnumber commensal bacteria, 
like Lactobacillus and Bifidobacterium species 
(14). The microbiota of burn patients is further 
complicated by systemic inflammation, antibiotic 
administration, diminished gastrointestinal motility, 
and decreased blood flow to the gastrointestinal tract. 
These changes let endotoxins and pathogens get into 
the bloodstream from the gut (15). 

Reduction of Nosocomial Infections
Health complications caused by infections 

contracted while in the hospital are a leading cause 
of death and disability among burn sufferers. The 
unique vulnerability of this patient group is the result 
of multiple interrelated variables. Among these are 
disruptions to the immune system, several invasive 
procedures, extended hospital stays, and significant 
loss of the skin’s protective outer layer. When 

combined, these factors create an ideal environment 
in which an illness might spread (21). The already 
high risk is exacerbated by the widespread and often 
necessary use of broad-spectrum antibiotics, which 
disrupt the gut microbiota and decrease colonization 
resistance, making patients more susceptible to 
opportunistic infections and MDROs (22). 

A significant consequence of this disruption is gut 
dysbiosis, which increases intestinal permeability 
and decreases mucosal immunity. Translocation of 
infections and microbial toxins into the systemic 
circulation is made easier with a compromised gut 
barrier, which raises the risk of sepsis, multiorgan 
failure, and localized infections (23).

 Using probiotics is an intriguing new way to 
reduce burn care infections. Probiotics help restore 
the microbial balance and maintain gut integrity while 
also supporting the immune system and reducing the 
vulnerability to bacterial colonization (24).

Their protective effects are mediated by multiple 
mechanisms: 

As a result of competitive exclusion, pathogens 
are unable to attach to mucosal surfaces and cause an 
illness (25). Make antimicrobial compounds including 
bacteriocins, organic acids, and hydrogen peroxide, 
which directly inhibit harmful organisms (26). 

Increased secretory IgA synthesis, improved antigen 
presentation, and balanced cytokine signaling are 
all ways in which the host immunological response 
can be regulated, leading to a more controlled and 
efficient immune defense (27).  Limiting the loss of 
epithelial cells, improving intercellular connections, 
preventing bacterial translocation, and reducing 
systemic inflammation (28). 

Probiotics may aid burn patients in reducing 
healthcare-associated infections (HAIs), according 
to mounting clinical evidence. One mechanism by 
which probiotics alleviate these infections and their 
potential systemic effects is by repopulating the gut 
with beneficial bacteria and thereby blocking the 
harmful effects of toxins. Probiotics also help in 
other ways, such as by influencing the urogenital 
flora and enhancing mucosal immune defenses. 
Finally, probiotics have the ability to decrease the 
occurrence of ventilator-associated pneumonia and 
other respiratory tract infections by regulating the 
gut-lung axis and improving systemic immunity. 
Supplementing with probiotics may slow the 
development and spread of MDROs by filling in 
beneficial bacterial roles in the digestive tract and 
reducing the need for broad-spectrum antibiotics 
(29). Along with reducing infection rates, this also 
helps.

Modulation of Sepsis Risk and Systemic Inflammation
On the other hand, severe sepsis continues to 

be the major cause of death, hospitalization, and 
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morbidity among people who have had burns. There 
are a number of mechanisms that contribute to the 
complicated pathophysiology of sepsis in this group 
of individuals. These mechanisms include severe 
tissue damage, prolonged systemic inflammation, 
immunological dysregulation, and microbial 
translocation from injured mucosal surfaces, 
particularly in the gastrointestinal tract (30).

 When the immune system reacts to a severe burn, 
it becomes overactive and releases inflammatory 
cytokines such TNF-α, IL-1β, and IL-6. This causes 
the immune system to become overactive. The over 
activity of this cytokine storm, which was initially 
designed to reduce the risk of infection and injury to 
tissues, frequently results in endothelial dysfunction, 
capillary leakage, and involvement of organs (31).

 In addition, probiotics contribute to the reduction of 
epithelial apoptosis, the maintenance of tight junction 
integrity, and the enhancement of mucus formation, 
all of which contribute to the strengthening of the 
gut barrier. These various elements are continually 
impacting one another in a reciprocal manner. The 
most common causes of sepsis in burn patients are 
endotoxemia and bacterial translocation; the use of 
these procedures reduces the risk of both of these 
conditions occurring (32).

 It has been demonstrated in a number of studies 
that probiotics have positive benefits, which raises 
the idea that they may be able to alleviate some of the 
adverse consequences that are associated with sepsis. 
Patients who took probiotics had an improvement 
in their immunological profiles, a reduction in the 
number of bacteremia episodes that occurred, and 
a decrease in the levels of inflammatory markers 
in their bodies. These results suggest that probiotic 
supplements may be effective in burn care sepsis 
prevention programs (33) despite the fact that 
additional large-scale randomized controlled studies 
are required to be conducted. When all of these factors 
are brought together, the result is an environment that 
is optimized for the rapid spread of sickness (34). It 
is possible that the use of drugs that have a broad 
spectrum could lead to an increase in the prevalence 
of opportunistic infections and multidrug-resistant 
organisms (MDROs), both of which are previously 
common (35). This is due to the fact that they have 
the ability to change the gut flora and decrease 
colonization resistance.

 This disruption has a number of serious effects, 
one of which is a dysbiosis in the gastrointestinal 
system. This dysbiosis lowers the mucosal immunity 
and makes the intestines more permeable. There 
are a number of consequences that can occur 
when microorganisms are able to get through the 
gastrointestinal barrier and into the bloodstream. 
These complications include sepsis, organ failure, 
and localized infections (36). A promising new 

approach in the treatment of burns is the utilization of 
probiotics for the purpose of lowering the incidence 
of infections. There are many benefits associated with 
probiotics, two of which are the maintenance of the 
natural bacteria balance in the gut and the facilitation 
of the immune system (37). As one of the many 
preventive mechanisms that it possesses, competitive 
exclusion (38), they reduce the likelihood that germs 
would cling to mucosal surfaces and cause sickness.

The elimination of harmful bacteria can be 
accomplished through the production of antimicrobial 
compounds, such as bacteriocins, organic acids, and 
hydrogen peroxide (39). 

It is possible to modulate the immunological 
response of the host in order to increase the generation 
of secretory IgA, the presentation of antigens, and the 
balance of cytokine signalping (40). By doing so, we 
will be able to cultivate an immune defense that is 
more under control and efficient. 

Reducing systemic inflammation, decreasing the 
loss of epithelial cells and intercellular connections, 
and limiting the transmission of germs are the 
mechanisms by which these objectives can be 
accomplished (41). 

Additionally, probiotics have a wide variety of other 
positive effects on the body. In conclusion, probiotics 
have the potential to reduce the requirement for 
hospitalization due to respiratory infections such as 
pneumonia by enhancing the immune system as a 
whole and altering the relationship between the gut 
and the lungs. In order to reduce the development and 
spread of MDROs, one method that can be utilized 
is to take probiotic supplements (42). Due to the 
fact that they are able to perform a useful function 
as bacteria in the digestive system, they reduce the 
need for antibiotics, which are capable of warding 
off a wide range of illnesses. It is possible to lessen 
the likelihood of infection, which is an exciting 
additional benefit. Severe sepsis is a leading cause 
of death, hospitalization, and overall morbidity and 
mortality in burn victims. This is due to the fact that 
it causes a high rate of fatalities. In this particular 
population, the complicated pathophysiology that 
leads to the development of sepsis is comprised 
of severe tissue destruction, prolonged systemic 
inflammation, immunological dysregulation, and 
microbial translocation from wounded mucosal 
surfaces (especially the gastrointestinal tract) (43). 
There is a correlation between each of these factors 
and the onset of sepsis.

 In the aftermath of a severe burn, the immune 
system experiences a spike of inflammatory 
cytokines, which include TNF-α, IL-1β, and IL-6. 
This surge causes the immune system to become 
hyperactive. It is possible for this cytokine storm 
to cause endothelial dysfunction, capillary leakage, 
and organ involvement when it becomes excessive. 
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This is despite the fact that its primary objective is to 
reduce tissue damage and infection (44).

 Intestinal barrier enhancement is further supported 
by probiotics through the reduction of epithelial 
apoptosis, the rise in mucus production, and the 
maintenance of the integrity of the tight junction 
area. In burn patients, bacterial translocation and 
endotoxemia are two of the most common causes of 
sepsis (45). These approaches have the potential to 
ameliorate both of these conditions. 

Patients whose therapy included probiotics 
demonstrated improved immunological profiles, 
lower inflammatory markers, and fewer incidences 
of bacteremia, according to the findings of 
several investigations. A conclusion that can be 
drawn from these data is that probiotics have the 
potential to lessen the severity of the difficulties 
that are linked with sepsis. In spite of the fact 
that additional large-scale randomized controlled 
studies are required, these findings suggest that the 
incorporation of probiotic supplementation into 
burn care sepsis prevention strategies may prove 
to be advantageous (46).

For those who have suffered from burns, 
healthcare-associated infections remain the leading 
cause of death and physical disability. Specifically, 
this is due to the fact that infections are the most 
prevalent of all medical conditions. This particular 
patient population is extremely vulnerable due 
to a complex web of interconnected factors that 
contribute to the state of affairs. Alterations to 
the immune system, several invasive surgical 
operations, prolonged hospital stays, and significant 
epidermal degradation are some examples of the 
complications that can arise. In the event that all of 
these elements come together, there is an increased 
probability of disease transmission (47), which is 
one of the fundamental reasons. The widespread 
use of broad-spectrum antibiotics, despite the fact 
that they are necessary, has a deleterious impact on 
the microbiota in the gut, which in turn diminishes 
colonization resistance and makes opportunistic 
infections and MDROs worse (40). 

The dysbiosis that occurs in the gut is the most 
obvious result of this imbalance. This dysbiosis leads 
to a reduction in mucosal immunity and an increase in 
intestinal permeability. In patients who have damage 
to their gut barrier, the risk of developing sepsis, 
failure of several organs, and localized infections 
is significantly increased. It is possible for certain 
bacteria and pathogens to pass through the intestinal 
barrier and enter the bloodstream, which is the reason 
for this phenomenon (41). 

One novel and intriguing strategy to the treatment 
of burns could be to make use of probiotics in order 
to lower the incidence of infections. For example, 
taking probiotics can help improve the immune 

system, maintain a healthy balance of bacteria in the 
gut, and keep the gut healthy (42). This is just one of 
the many benefits of taking probiotics. It has been 
suggested that competitive exclusion is one of the 
mechanisms that mediates the protective effects of 
pathogens (43). By virtue of this process, viruses are 
unable to attach themselves to mucosal surfaces and 
so prevent human infection. Bacteriocins are another 
example of an antibacterial agent, and hydrogen 
peroxide is yet another example (44). An organic 
acid is an example of an antibacterial agent. There 
is a possibility that you could manufacture these 
chemicals. 

An immune defense that is more regulated 
and effective can be achieved by managing the 
immunological response of the host, which involves 
increasing the production of secretory IgA, enhancing 
the presentation of antigens, and maintaining a 
balanced cytokine signaling system (45). Maintaining 
control over the immunological response of the host 
is one approach that can be taken to achieve this goal.  
The reduction of systemic inflammation, the 
reduction of epithelial cell loss, the strengthening 
of connections between cells, and the reduction of 
bacterial translocation are some of the things that are 
involved in this process (46). 

According to the findings of recent clinical trials, 
probiotics may have the potential to lower the number 
of healthcare-associated infections (HAIs) that occur 
in burn patients. Additionally, the possible systemic 
impacts of these disorders can be minimized with 
the assistance of probiotics, which allow for more 
effective management of these conditions. In order 
to achieve this goal, good bacteria are reintroduced 
into the digestive system, which in turn reduces the 
severity of infections. In addition to modifying the 
bacteria that are present in the urogenital tract and 
boosting the immunological defenses of the mucosal 
barrier, probiotics have a number of other beneficial 
effects. The use of probiotics has been shown to 
reduce the incidence of respiratory tract infections, 
particularly pneumonia associated with the use of 
ventilators. It is necessary to make adjustments to the 
gut-lung axis and to strengthen the immune system in 
order to achieve this goal. According to the findings 
of some research (48), taking probiotic supplements 
may result in a reduction in the quantity of MDROs 
that are created and transported throughout the body 
(49, 50). To achieve this goal, beneficial bacteria that 
live in the gut have the ability to take over and cover 
the bases in the event that antibiotics are ineffective. 
In addition to being helpful, it also helps to reduce 
the number of infections that occur (51, 52).

Enhancement of Wound Healing and Tissue 
Regeneration

The process of wound healing is a multi-step 
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procedure that includes hemostasis, inflammation, 
proliferation, and tissue remodeling. Typically, 
burn injuries are accompanied by significant tissue 
damage, a higher risk of infection, and immunological 
dysregulation, all of which might make this process 
more challenging (53). The inflammatory phase, 
which is a very carefully balanced portion of the 
process, might result in hypertrophic scarring that 
is not under control, wounds that do not heal, and 
a delay in the healing process. It has been proven 
that probiotics can boost wound healing responses 
through a variety of mechanisms, including metabolic 
remodeling, inflammatory management, collagen 
synthesis increase, matrix remodeling regulation, and 
epithelium regeneration promotion (54). Probiotics 
have been shown to have these effects.

Modulation of Inflammatory Response in Wound Healing
The removal of dead tissue, activation of immune 

cells, and beginning of the healing process after a 
burn all require inflammation throughout the healing 
phase. The opposite is true for keratinocyte function, 
surrounding sick tissue, and progression to the 
proliferative phase in an extremely severe or chronic 
inflammatory state. Probiotic bacteria may help keep 
the immune system from stepping in at the wound 
site by reducing the inflammatory response (55). 

Evidence from multiple studies suggests 
that specific probiotic bacterial strains, such as 
Lactobacillus rhamnosus GG and Bifidobacterium 
breve, can reduce levels of inflammatory mediators 
like TNF-α and IL-1β while increasing levels of 
cytokines that can control inflammation, like IL-
10 and TGF<. Tissue repair and regeneration 
are aided by these immunomodulatory actions 
because they decrease inflammation (56). 
In addition, key growth factors such as transforming 
growth factor-beta (TGF-β) and vascular endothelial 
growth factor (VEFG) can be enhanced by using 
probiotics. In order to facilitate angiogenesis, 
fibroblast activation, collagen deposition, and 
epithelial cell proliferation, VEFG ensures that the 
nutritional and oxygen supply reaches the repaired 
tissue. When compared, TGF-β improves these 
procedures. These actions, when combined, shorten 
the duration of the inflammatory phase and speed up 
the healing process (57).

Collagen Synthesis and Extracellular Matrix Remodeling
Collagen formation and organization are in charge 

of rebuilding the structure and tensile strength 
of injured skin. To repair the extracellular matrix 
(ECM), stimulated fibroblasts predominantly 
create type I and type III collagens. Taking 
probiotics improves wound healing and tensile 
strength by increasing fibroblast activity and 
collagen formation. Because of this, probiotics 

may exacerbate preexisting inflammatory diseases.  
Matrix metalloproteinases (MMPs) serve an equally 
significant role in promoting healing. Zinc-dependent 
proteases govern extracellular matrix remodeling. 
Fibrosis and ECM degradation have been linked 
to conflicts over matrix metalloproteinase (MMP) 
activity. It appears that probiotics affect matrix 
metalloproteinases (MMPs) and the proteins that 
inhibit them (TIMPs). Perhaps this will help manage 
the synthesis and breakdown of the extracellular 
matrix. This coordinated remodeling is critical for 
promoting normal tissue regeneration and preventing 
chronic wounds (59).

Epithelial Regeneration and Maintenance of Skin 
Integrity

An essential step in wound healing, re-
epithelialization involves the migration and 
proliferation of keratinocytes, which restore 
the skin’s protective barrier. A major hurdle to 
epithelial cell regeneration may be burn injuries, 
which damage the basal layer and cause long-
term inflammation. The wound microenvironment 
and keratinocytes are two places where probiotics 
can affect the function of epithelial cells (60).  
Probiotics, when applied topically or taken orally, 
has been shown to hasten epithelial regeneration, 
decrease wound size, and shorten healing time 
in animal burn models. By increasing levels 
of epidermal growth factor (EGF) and causing 
cytoskeletal reorganization, some probiotic strains 
promote cell migration and proliferation throughout 
the wound bed. This is accomplished by elevating 
EGF levels. By enhancing local immunological 
monitoring and microbial defense, probiotics may 
aid in the avoidance of recurrent infections (61).

The long-term effects of probiotics on health 
and beauty are unclear. Reduced pathogenic 
inflammation, increased normal tissue regeneration, 
and decreased hypertrophic scarring are the means 
by which this is achieved. Burn victims can benefit 
greatly from this technique because reducing scarring 
is a crucial aspect of both their physical and mental 
recovery (62).

DISCUSSION
Multiple sclerosis  remains a complex 

disease in which the interplay of inflammation, 
demyelination, and neurodegeneration progressively 
undermines neurological function. While current 
immunomodulatory therapies effectively reduce 
relapse rates and new lesion formation, they fail to halt 
the insidious accumulation of disability in progressive 
disease (63). This therapeutic gap underscores the 
urgent need to shift the focus from inflammation 
control alone toward strategies that actively promote 
remyelination and neuroprotection (64).
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Challenges of Endogenous Repair
Despite the presence of oligodendrocyte precursor 

cells (OPCs) within demyelinated lesions, their 
capacity to develop into mature myelin products-
called oligodendrocytes-is significantly impaired 
in chronic MS. Inflamatory mediators, oxidative 
stress, and oxidation of the extracellular matrixform 
a microenvironment actively inhibitory to OPC 
differentiation65. Astrocytic scar formation and 
ongoing activation of microglia further enhances 
these inhibitory signals. Collectively, these trusts are 
taken to explain why remyelination is often robust 
in early disease but become inefficient or absent in 
progressive stages. Importantly, this progressive 
failure of repair is not a by-product of chronic 
inflammation, but a key pathomechanism in long 
standing neurodegeneration (66).

Limitations of Conventional Therapies
Approved disease-modifying therapies (DMTs) 

such as interferon-beta, glatiramer acetate and high-
efficacy monoclonal antibodies generally target 
the immune system (67). Although they are highly 
effective in relapsing/tremolating MS, the failure to 
restore myelin acquisition leaves negative patients 
lacking with irreversible latent cheating of axonal 
damage. Moreover, the substantial patient-to-patient 
variability in response underscores the biological 
heterogeneity of MS, and an emphasis on precision 
strategies that go beyond immune modulation68.

Emerging Remyelination Approaches
A number of novel strategies are being studied to 

directly stimulate repair. Stem cell-based therapies 
such as mesenchymal, neural and induced pluripotent 
stem-cell based approaches initially hold promise to 
help with replenishment of oligodendrocyte pool, and 
trophic support. Early-phase clinical studies provide 
a sense of feasibility and potential improvements 
in function, but there are concerns related to the 
engraftment of the cells, the immunogenicity, the 
long-term integration and the potential for it to turn 
cancerous (69).

Pharmacological and biological agents provide the 
alternative way. Growth factors like IGF-1 and FGF-
2 or small molecules like clemastine fumarate have 
shown promise in improving the differentiation of 
OPCs, and remyelination (70). However, it had been 
difficult to translate such findings into consistent 
clinical benefit, such as seen with the use of anti-
LINGO-1 therapy (opicinumab), which despite 
a strong preclinical rational had poor efficacy. 
These experiences point toward the complexity of 
remyelination biology, and the difficulty with single 
target interventionsm (71).

Gene therapy, nanotechnology are turning out to be 
the particularly attractive ways. Gene-editing tools 

and viral vectors allow for the targeted grading of 
signaling pathways that dictate the fate of OPCs, and 
nanocarriers provide novel solutions to surmount the 
restrictive blood-brain barrier and treat therapeutics 
to demyelinated locations. Although these modalities 
are still in an experimental phase, they reflect a 
paradigm shift into more precision, localized CNS 
repair (72).

Challenges and Future Directions
In spite of the fact that probiotics have shown 

some promising outcomes when used as an adjuvant 
therapy within burn care, there are still a number 
of substantial obstacles to overcome before the 
widespread implementation process using probiotics 
in clinical practice can be concerned or carried 
out. One of the biggest problems is identifying the 
probiotic strains that are the most effective (73). 
Not all probiotics have the same impact in terms 
of immunological modulation, gut barrier integrity 
or wound healing. This is because there is a wide 
variety of probiotic species and strains that each have 
their own unique set of biological activities. Due to 
the fact that the available information is inadequate 
and often inconsistent, it is of the utmost importance 
to decide what strains or mixtures of strains are most 
beneficial to burn patients (74).

 The issue of how to find the optimum dosages and 
means of delivery is another major obstacle to clear 
up. There is no agreement amongst experts on the 
best concentration, dosing frequency, and treatment 
time duration for probiotics in order to induce 
obvious therapeutic effects. This is because there is 
not a general agreement concerning these factors. 
The clinical decision-making process is made even 
more difficult because these criteria range from trial 
to trial, giving trials inconsistent results. In addition, 
the effect of probiotic administration on colonization 
and efficacy of these treatments is unknown in burn 
patients (75). This is regardless of whether probiotics 
are best supplied topically or orally-or even the ideal 
combination of the two.

A major complication is that many drugs, most 
notably antibiotics, have a negative interaction with 
probiotics. Burn patients must take antibiotics to 
ward off infections, but these drugs may deplete the 
efficacy and shelf life of probiotics without meaning 
to. It’s important to consider whether probiotics will 
have antagonistic or synergistic effects, and when to 
deliver the probiotics, if we want the highest possible 
therapeutic results from antibiotic treatment (76). 

CONCLUSION
The use of probiotic in burns treatment is an 

interesting new field of research with a great impact 
in enhancing results for burn victims. Probiotics can 
potentially accelerate the healing of burns through 
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restoration of a balanced microbiome, reduction 
in inflammatory and immunological processes 
and facilitate wound healing. While there may be 
promising advances we must act quickly to fund well-
known designed studies if we are to find successful 
medications and their working. Integrating probiotics 
into current burn treatment protocols on a daily basis 
have the potential to be the norm in the future. 

Authors’ Contribution
All authors read and confirmed the final manuscript.

Funding
Not applicable. 

Availability of data and materials
All data are obtainable after an appeal from the 

corresponding author. 

Declarations
Ethics approval and consent to participate

Not applicable. 

Consent for publication
Not applicable. 

REFERENCES 
1.Jeschke MG, van Baar ME, Choudhry MA, Chung 

KK, Gibran NS, Logsetty S. Burn injury. Nature 
reviews Disease primers. 2020;6(1):11.

2.Wang X, Du C, Subramanian S, Turner L, Geng 
H, Bu HF, et al. Severe gut mucosal injury induces 
profound systemic inflammation and spleen-
associated lymphoid organ response. Frontiers in 
immunology. 2023;14:1340442.

3.	Dobson GP, Morris JL, Letson HL. Pathophysiology 
of Severe Burn Injuries: New Therapeutic 
Opportunities From a Systems Perspective. Journal 
of Burn Care & Research. 2024;45(4):1041-50.

4.	Burgess M, Valdera F, Varon D, Kankuri E, Nuutila 
K. The Immune and Regenerative Response to 
Burn Injury. Cells. 2022;11(19).

5.	Pelizzo G, Calcaterra V, Marinaro M, Baldassarre 
P, Canonica CPM, Zuccotti G. Metabolic and 
Hormonal Changes in Pediatric Burn Patients: 
Mechanisms, Evidence, and Care Strategies. 
2025;6(2):17.

6.	Soranno DE, Coopersmith CM, Brinkworth JF, 
Factora FNF, Muntean JH, Mythen MG, et al. A 
review of gut failure as a cause and consequence 
of critical illness. Critical care (London, England). 
2025;29(1):91.

7.	Di Tommaso N, Gasbarrini A, Ponziani FR. 
Intestinal Barrier in Human Health and Disease. 
International Journal of Environmental Research 
and Public Health [Internet]. 2021; 18(23).

8.	Latif A, Shehzad A, Niazi S, Zahid A, Ashraf 

W, Iqbal MW, et al. Probiotics: mechanism 
of action, health benefits and their application 
in food industries. Frontiers in microbiology. 
2023;14:1216674.

9.	Gul S, Durante-Mangoni E. Unraveling the Puzzle: 
Health Benefits of Probiotics-A Comprehensive 
Review. Journal of clinical medicine. 2024;13(5).

10.Mazziotta C, Tognon M, Martini F, Torreggiani E, 
Rotondo JC. Probiotics Mechanism of Action on 
Immune Cells and Beneficial Effects on Human 
Health. Cells. 2023;12(1).

11.Wang Z, Huang J, Zhao P. Unveiling the Therapeutic 
Potential of Probiotics in Sepsis: A Review. Food 
science & nutrition. 2025;13(6):e70364.

12.Beltrán-Velasco AI, Clemente-Suárez VJ. 
Harnessing Gut Microbiota for Biomimetic 
Innovations in Health and Biotechnology. 
Biomimetics (Basel, Switzerland). 2025;10(2).

13.Zhao Ma, Chu J, Feng S, Guo C, Xue B, He K, 
et al. Immunological mechanisms of inflammatory 
diseases caused by gut microbiota dysbiosis: 
A review. Biomedicine & Pharmacotherapy. 
2023;164:114985.

14.Herrnreiter CJ, Murray MG, Luck M, Ganesa 
C, Kuprys PV, Li X, et al. Bacterial dysbiosis 
and decrease in SCFA correlate with intestinal 
inflammation following alcohol intoxication and 
burn injury. eGastroenterology. 2025;3(1):e100145.

15.Huang Z, Huang Y, Chen J, Tang Z, Chen Y, Liu 
H, et al. The role and therapeutic potential of gut 
microbiome in severe burn. Frontiers in cellular 
and infection microbiology. 2022;12:974259.

16.El Baassiri MG, Raouf Z, Badin S, Escobosa 
A, Sodhi CP, Nasr IW. Dysregulated brain-gut 
axis in the setting of traumatic brain injury: 
review of mechanisms and anti-inflammatory 
pharmacotherapies. Journal of Neuroinflammation. 
2024;21(1):124.

17.Oami T, Shimazui T, Yumoto T, Otani S, Hayashi 
Y, Coopersmith CM. Gut integrity in intensive care: 
alterations in host permeability and the microbiome 
as potential therapeutic targets. Journal of intensive 
care. 2025;13(1):16.

18.Abdul Manan M. The role of probiotics in 
personalized therapeutics: Advances in gut 
microbe-driven interventions. The Microbe. 
2025;8:100497.

19.Yang S, Qiao J, Zhang M, Kwok L-Y, Matijašić 
BB, Zhang H, et al. Prevention and treatment of 
antibiotics-associated adverse effects through the 
use of probiotics: A review. Journal of Advanced 
Research. 2025;71:209-26.

20.Ullah A, Shen B. Immunomodulatory effects of 
anti-diabetic therapies: Cytokine and chemokine 
modulation by metformin, sodium-glucose 
cotransporter 2 inhibitors, and glucagon-like 
peptide-1 receptor agonists (2013–2025). European 



Summer 2025, Volume 7, Issue 24 (20-31)

41

Akram Sadat Ahmadiet al

Journal of Medicinal Chemistry. 2025;299:118065.
21.Osuka A, Shigeno A, Matsuura H, Onishi S, 

Yoneda K. Systemic immune response of burns 
from the acute to chronic phase. Acute medicine & 
surgery. 2024;11(1):e976.

22.Norbury W, Herndon DN, Tanksley J, Jeschke 
MG, Finnerty CC. Infection in Burns. Surgical 
infections. 2016;17(2):250-5.

23.Aziz N, Bonavida B. Activation of Natural Killer 
Cells by Probiotics. Forum on immunopathological 
diseases and therapeutics. 2016;7(1-2):41-55.

24.Szydłowska A, Sionek B. Probiotics and 
Postbiotics as the Functional Food Components 
Affecting the Immune Response. Microorganisms. 
2022;11(1).

25.Zheng D, Liwinski T, Elinav E. Interaction 
between microbiota and immunity in health and 
disease. Cell Research. 2020;30(6):492-506.

26.Chen P, Huang N-T, Chung M-T, Cornell TT, 
Kurabayashi K. Label-free cytokine micro- and 
nano-biosensing towards personalized medicine of 
systemic inflammatory disorders. Advanced Drug 
Delivery Reviews. 2015;95:90-103.

27.Pagnini M, Visciglia A, Deusebio G, Pane M, 
Celi A, Amoruso A, et al. Dose-Dependent Anti-
Inflammatory Effects of Live and Heat-Treated 
Ligilactobacillus salivarius and Bifidobacterium 
breve via NF-κB and COX-2 Modulation in an In 
Vitro Model of Airway Inflammation. Nutrients. 
2025;17(15).

28.Shi P, Yu Y, Xie H, Yin X, Chen X, Zhao Y, et 
al. Recent advances in regulatory immune cells: 
exploring the world beyond Tregs. 2025;Volume 
16 - 2025.

29.Korkmaz HI, Flokstra G, Waasdorp M, Pijpe A, 
Papendorp SG, de Jong E, et al. The Complexity of 
the Post-Burn Immune Response: An Overview of 
the Associated Local and Systemic Complications. 
Cells. 2023;12(3).

30.Ren Z, Zheng Z, Feng X. Role of gut microbes 
in acute lung injury/acute respiratory distress 
syndrome. Gut microbes. 2024;16(1):2440125.

31.Soliman N, Kruithoff C, San Valentin EM, Gamal 
A, McCormick TS, Ghannoum M. Small Intestinal 
Bacterial and Fungal Overgrowth: Health 
Implications and Management Perspectives. 
Nutrients [Internet]. 2025; 17(8).

32.Mohammadi S, Saghaeian Jazi M, Zare 
Ebrahimabad M, Eghbalpour F, Abdolahi N, 
Tabarraei A, et al. Interleukin 10 gene promoter 
polymorphisms (rs1800896, rs1800871 and 
rs1800872) and haplotypes are associated with 
the activity of systemic lupus erythematosus and 
IL10 levels in an Iranian population. International 
journal of immunogenetics. 2019;46(1):20-30.

33.Vázquez-Galán YI, Guzmán-Silahua S, Trujillo-
Rangel W, Rodríguez-Lara SQ. Role of Ischemia/

Reperfusion and Oxidative Stress in Shock State. 
Cells. 2025;14(11).

34.Potruch A, Schwartz A, Ilan Y. The role of 
bacterial translocation in sepsis: a new target for 
therapy. Therapeutic advances in gastroenterology. 
2022;15:17562848221094214.

35.Kocot AM, Jarocka-Cyrta E, Drabińska N. 
Overview of the Importance of Biotics in Gut 
Barrier Integrity. International journal of molecular 
sciences. 2022;23(5).

36.Abouelela ME, Helmy YA. Next-Generation 
Probiotics as Novel Therapeutics for Improving 
Human Health: Current Trends and Future 
Perspectives. Microorganisms. 2024;12(3).

37.Monteagudo-Mera A, Rastall RA, Gibson 
GR, Charalampopoulos D, Chatzifragkou A. 
Adhesion mechanisms mediated by probiotics and 
prebiotics and their potential impact on human 
health. Applied microbiology and biotechnology. 
2019;103(16):6463-72.

38.Plaza-Diaz J, Ruiz-Ojeda FJ, Gil-Campos M, 
Gil A. Mechanisms of Action of Probiotics. 
Advances in nutrition (Bethesda, Md). 
2019;10(suppl_1):S49-s66.

39.Strassle PD, Williams FN, Weber DJ, Sickbert-
Bennett EE, Lachiewicz AM, Napravnik S, et al. 
Risk Factors for Healthcare-Associated Infections 
in Adult Burn Patients. Infection control and 
hospital epidemiology. 2017;38(12):1441-8.

40.Dongre DS, Saha UB, Saroj SD. Exploring 
the role of gut microbiota in antibiotic 
resistance and prevention. Annals of medicine. 
2025;57(1):2478317.

41.Takiishi T, Fenero CIM, Câmara NOS. Intestinal 
barrier and gut microbiota: Shaping our immune 
responses throughout life. Tissue barriers. 
2017;5(4):e1373208.

42.Maftei N-M, Raileanu CR, Balta AA, Ambrose L, 
Boev M, Marin DB, et al. The Potential Impact of 
Probiotics on Human Health: An Update on Their 
Health-Promoting Properties. Microorganisms 
[Internet]. 2024; 12(2).

43.Wang H, Huang J, Jiang X. Perspectives on 
Using a Competitive Exclusion Approach to 
Control Listeria monocytogenes in Biological 
Soil Amendments of Animal Origin (BSAAO): A 
Review. Applied Microbiology [Internet]. 2023; 
3(3):[786-804 pp.].

44.Darbandi A, Asadi A, Mahdizade Ari M, Ohadi 
E, Talebi M, Halaj Zadeh M, et al. Bacteriocins: 
Properties and potential use as antimicrobials. 
Journal of clinical laboratory analysis. 
2022;36(1):e24093.

45.Hansen IS, Baeten DLP, den Dunnen J. The 
inflammatory function of human IgA. Cellular and 
molecular life sciences : CMLS. 2019;76(6):1041-
55.



Akram Sadat Ahmadiet al

42

Advanced Therapies Journal

46.Zhang Y, Zhu X, Yu X, Novák P, Gui Q, Yin K. 
Enhancing intestinal barrier efficiency: A novel 
metabolic diseases therapy. Frontiers in nutrition. 
2023;10:1120168.

47.Mills JP, Rao K, Young VB. Probiotics for 
prevention of Clostridium difficile infection. 
Current opinion in gastroenterology. 2018;34(1):3-
10.

48.Newman AM, Arshad M. The Role of Probiotics, 
Prebiotics and Synbiotics in Combating Multidrug-
Resistant Organisms. Clinical therapeutics. 
2020;42(9):1637-48.

49.Zhang P, Zou B, Liou YC, Huang C. The 
pathogenesis and diagnosis of sepsis post burn 
injury. Burns & trauma. 2021;9:tkaa047.

50.Van Den Eeckhout B, Tavernier J, Gerlo S. 
Interleukin-1 as Innate Mediator of T Cell 
Immunity. 2021;Volume 11 - 2020.

51.Ghosh S, Whitley CS, Haribabu B, Jala VR. 
Regulation of Intestinal Barrier Function by 
Microbial Metabolites. Cellular and molecular 
gastroenterology and hepatology. 2021;11(5):1463-
82.

52.Merenstein D, Pot B, Leyer G, Ouwehand AC, 
Preidis GA, Elkins CA, et al. Emerging issues in 
probiotic safety: 2023 perspectives. Gut microbes. 
2023;15(1):2185034.

53.	 Eghbalpour F, Aghaei M, Ebrahimi M, 
Tahsili MR, Golalipour M, Mohammadi S, et 
al. Effect of indole-3-carbinol on transcriptional 
profiling of wound-healing genes in macrophages 
of systemic lupus erythematosus patients: an RNA 
sequencing assay. Lupus. 2020;29(8):954-63.

54.Wilkinson HN, Hardman MJ. Wound healing: 
cellular mechanisms and pathological outcomes. 
Open biology. 2020;10(9):200223.

55.Yang Y, Huang J, Zeng A, Long X, Yu N, Wang X. 
The role of the skin microbiome in wound healing. 
Burns & trauma. 2024;12.

56.Cristofori F, Dargenio VN, Dargenio C, Miniello 
VL, Barone M, Francavilla R. Anti-Inflammatory 
and Immunomodulatory Effects of Probiotics in 
Gut Inflammation: A Door to the Body. Frontiers 
in immunology. 2021;12:578386.

57.Wang Y, Bai M, Peng Q, Li L, Tian F, Guo Y, et 
al. Angiogenesis, a key point in the association 
of gut microbiota and its metabolites with 
disease. European Journal of Medical Research. 
2024;29(1):614.

58.Singh D, Rai V, Agrawal DK. Regulation of 
Collagen I and Collagen III in Tissue Injury and 
Regeneration. Cardiology and cardiovascular 
medicine. 2023;7(1):5-16.

59.Kandhwal M, Behl T, Singh S, Sharma N, Arora S, 
Bhatia S, et al. Role of matrix metalloproteinase in 
wound healing. American journal of translational 
research. 2022;14(7):4391-405.

60.Ter Horst B, Chouhan G, Moiemen NS, Grover 
LM. Advances in keratinocyte delivery in burn 
wound care. Adv Drug Deliv Rev. 2018;123:18-32.

61.Knackstedt R, Knackstedt T, Gatherwright J. The 
role of topical probiotics on wound healing: A 
review of animal and human studies. International 
wound journal. 2020;17(6):1687-94.

62.Satish L, Gallo PH, Johnson S, Yates CC, Kathju 
S. Local Probiotic Therapy with Lactobacillus 
plantarum Mitigates Scar Formation in Rabbits 
after Burn Injury and Infection. Surgical infections. 
2017;18(2):119-27.

63.Hao D, Nourbakhsh M. Recent Advances in 
Experimental Burn Models. Biology. 2021;10(6).

64.Virk MS, Virk MA, He Y, Tufail T, Gul M, Qayum 
A, et al. The Anti-Inflammatory and Curative 
Exponent of Probiotics: A Comprehensive and 
Authentic Ingredient for the Sustained Functioning 
of Major Human Organs. Nutrients [Internet]. 
2024; 16(4).

65.DiMattia Z, Damani JJ, Van Syoc E, Rogers CJ. 
Effect of Probiotic Supplementation on Intestinal 
Permeability in Overweight and Obesity: A 
Systematic Review of Randomized Controlled 
Trials and Animal Studies. Advances in nutrition 
(Bethesda, Md). 2024;15(1):100162.

66.Bădăluță VA, Curuțiu C, Dițu LM, Holban AM, 
Lazăr V. Probiotics in Wound Healing. International 
journal of molecular sciences. 2024;25(11).

67.Fijan S, Frauwallner A, Langerholc T, Krebs B, 
Ter Haar Née Younes JA, Heschl A, et al. Efficacy 
of Using Probiotics with Antagonistic Activity 
against Pathogens of Wound Infections: An 
Integrative Review of Literature. BioMed research 
international. 2019;2019:7585486.

68.Kotzampassi K. Why Give My Surgical Patients 
Probiotics. Nutrients. 2022;14(20).

69.Theis BF, Park JS, Kim JS, Zeydabadinejad S, 
Vijay-Kumar M, Yeoh BS, et al. Gut Feelings: 
How Microbes, Diet, and Host Immunity Shape 
Disease. Biomedicines [Internet]. 2025; 13(6).

70.Saputro ID, Putra ON, Pebrianton H, Suharjono. 
Effects of probiotic administration on IGA and IL-6 
level in severe burn patients: a randomized trial. 
Annals of burns and fire disasters. 2019;32(1):70-
6.

71.Mishra A, Jena SK, Srinivasan A, Tripathy A, 
Maiti R, Hota D. Effect of an Add-On Multi-
Strain Probiotic Formulation in the Prevention 
of Recurrent Urinary Tract Infections: A 
Double-Blind Randomized Placebo-Controlled 
Trial. Microbiology Research [Internet]. 2024; 
15(4):[2330-40 pp.].

72. Mey G, Mahajan K, DeSilva T. Neurodegeneration 
in multiple sclerosis. WIREs Mechanisms of 
Disease. 2022;15.

73.Villoslada P. Neuroprotective therapies for 



Summer 2025, Volume 7, Issue 24 (20-31)

43

Akram Sadat Ahmadiet al

multiple sclerosis and other demyelinating 
diseases. Multiple Sclerosis and Demyelinating 
Disorders. 2016;1.

74.Sahel A, Ortiz FC, Kerninon C, Maldonado PP, 
Angulo MC, Nait-Oumesmar B. Alteration of 
synaptic connectivity of oligodendrocyte precursor 
cells following demyelination. 2015;Volume 9 - 
2015.

75.Traiffort E, Kassoussi A, Zahaf A, Laouarem 
Y. Astrocytes and Microglia as Major Players of 
Myelin Production in Normal and Pathological 
Conditions. Frontiers in cellular neuroscience. 
2020;14:79.

76.Longbrake EE, Parks BJ, Cross AH. Monoclonal 
antibodies as disease modifying therapy in multiple 
sclerosis. Current neurology and neuroscience 
reports. 2013;13(11):390.


	Therapeutic Potential of Probiotics in Burn Management: Mechanisms, Clinical Applications, and Futur
	Abstract
	Introduction
	Discussion
	Conclusion
	References


