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ABSTRACT

In view of the healing process, factors such as depth, length and microorganisms infection can delay
cicatrization, requiring the search for therapeutic alternatives, such as plant-derived metabolites.
Tannins are secondary metabolites constituents of plants whose action on wounds is the most reported.
The present work aims to do an exploratory descriptive literature review of tannins action as a
therapeutic agent in wound healing through different mechanisms. Tannins work by forming a film on
the lesion, creating an environment favorable to cell anticipation and extracellular matrix agents such
as collagen and elastin, also having antioxidant and anti-inflammatory action. This polyphenol can
adapt to different conditions according to their specificity and degree of aggression, thus proving to be
superior to conventional means that have already been eliminated, leading to a brief discussion about
these mechanisms that act synergistically during the healing process assisting in the development of
new therapies.
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INTRODUCTION

Skin is the largest organ of the human body serving as a primary barrier against biological agents
such as viruses, bacteria and fungi, physical elements such as ultraviolet radiation and chemicals such
as corrosive materials [37, 99]. In view of this, the skin tissue needs balance in response to stress or
injury, and this process is then called healing, which is divided into 3 phases: inflammation, proliferative
and remodelling, which are intrinsically correlated [6]. It is estimated that the annual expenditure on
stitches for skin wounds reaches more than 28 billion dollars in many countries according to the world
health organization (WHO), thus highlighting the importance of new treatments that are suitable
according to each clinical condition and its specificity, since particularities such as the presence of
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chronic and resistant diseases can make hospitalization imminent and treatment lasting, with greater
expense, physical and emotional exhaustion [105].

According to the health insurance system in the United States of America (USA), Medcare, the
value alone exceeds more than 40 billion annually in the outpatient service, which tends to increase as
a result of hospitalizations and increased life expectancy [73]. In Brazil, public spending on treatments
aimed at healing tends to increase with treatment time and the material used can reach approximately
R$ 293.00/person in coverage granted in a short period of time, varying according to location,
availability of resources, and people [13]. In an attempt to avoid costly public health spending on the
treatment of wounds, which is sometimes ineffective, there are countless studies that aim to improve
the healing process.

One of the many lines of research is the use of plant media, an age-old practice employed by many
peoples, but which requires scientific proof of its efficacy and safety [12, 117]. Scientific research on
medicinal plants is mainly focused on their constituents and control of action in healing, and one of the
groups of secondary metabolites most associated with healing potential are the tannins that are part of
the group of polyphenols [8, 88, 113, 81]. Tannins are found in several plants, and their relationship
with healing in Punica granatum [43], Terminalia arjuna [103] has already been well elucidated and
Bauhinia ungulata [95] which acts through all stages of tissue preparation by stimulating tissue cells,
fibroblasts, collagen and neutrophils [67]

Tannins are divided according to their resistance or not to hydrolysis, thus being classified as
condensed and hydrolysable, respectively. They have anti-inflammatory, antimicrobial, antioxidant and
vasoconstrictor action already well reported in the literature. Condensed tannins are used therapeutically
because of their easy binding to protein structures, conferring broad biological activity and greater
permanence in the tissue [69, 45, 102]. These metabolites can be extracted from plant tissues by the
most different methods of extraction methods by solvents such as methanol, ethyl acetate and ethanol
[96, 44, 30]. The present work aims to gather and integrate information on the action of tannins during
the healing process in cutaneous wounds, and/or locally depending on the route of administration, as
well as to evaluate the current scenario of bioprospecting these as a new therapeutic alternative in the
treatment of wounds.

METHODOLOGY

A literature review was carried out, with a descriptive and exploratory character. A literary survey
of works published between the years 2003 - 2023 in Portuguese, Spanish and English, in the main
databases of scientific works, Scielo, Google Scholar, Springerlink, Pubmed and Lilacs, being them:
taninos (tannins/taninos), cicaytiza¢do (healing tannins/cicatrizacion), condensed tannins (condensed
tannins/taninos condensados), fragdo rica em taninos na cicatrizagdo (fraction rich in tannins in wound
healing/fraccién rica en taninos en cicatrizacion) and medicinal plants (medicinal plants /plantas
medicinales). Emphasis was given to the direct action of tannins in all phases of healing, highlighting
their influence and action pathways and those studies that do not prove this direct relationship are not
included in this review.

ORIGIN, CHARACTERISTICS AND BIOLOGICAL ACTION OF TANNINS

Tannins are part of the large group of natural compounds, the polyphenols. In their structure, they
have hydroxyls connected to aromatic rings and are subdivided into hydrolyzable and condensed
(Figure 1) [2]. Condensed tannins, mainly, have the ability to easily bind to protein complexes and
polysaccharides in mucous membranes and tissues through hydrogen bonds, which makes them widely
used in the commercial in the production of wines and leather tanning, which is quite profitable in those
obtained by its large-scale performance [36, 24]. Tannins have a high adhesion index and molecular
weight, especially condensed ones, which add what adds astringency to wines improves their flavor and
what also aids in the healing of deep or deep wounds [105,113].
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Condensed Hydrolyzed

Figure 1. Representation of the structure of the main tannin groups

The synthesis of tannins occurs mainly in organelles derived from chloroplasts and are located in
waxes that occur in plants and vacuoles [25]. Two pathways are responsible for its formation, namely
the acid pathway, with the union of phosphoenolpyruvate with erythrose 4-phosphate which is divided
into 3 phases: galloylation, generation of gallotannins and emission of galioid residues [86,104 , 16].
This union can generate gallic and ellagic acid with enzymatic action, having 2 main representatives of
gallotannins and ellagitannins with influence on antioxidant activity and on the aging process by
shortening telomeres [86,102].

The other is the acetate malonate route, highlighted in nutrition research, which is the precursor of
flavan-3-ol, it has two phases for the formation of tannins, namely, glycosylation, where sugars are
added to proteins and lipids forming glycoproteins structured and oligomerization with linkage of two
or more polypeptide chains [104]. Tannins, in addition to originating from plants, can also be produced
artificially using naphthalenes, crucibles and other superior hydrocarbons as primary ingredients [103,
113].

CO:

Photosynthesis
L
Primary metabolism

Phosphoenolpyruvste
Glucose
= - -
Shikiméc acid Pyruvate
» -~
Gallic acid | Acetil Coa Via MEP
|
Via do mevalonate
]
'
Hydrolyzable 3 :
tannins Congensed Isoprencids

Tannins

Figure 2. Reaction chain for the synthesis of hydrolyzable and condensed tannins.
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Tannins can be found in various parts of plants such as roots, leaves, fruits with a greater proportion
in the bark [86]. The secondary metabolites of plants, including tannins, can undergo changes due to
changes in temperature, tension force and storage, however, it is seen in the literature that they do not
change in their contents in order to survive the seasons of the year, but with greater ratio in protection
and post storage [114]. Its ingestion takes place with the use of water or organic solvents such as
methanol and ethanol, it is worth noting that the quality of the extract rich in tannins depends on factors
such as the duration of the process and order of application of the solvents, since the constituents of the
plant can interfere with the presence of high levels of tannins to be used in different clinical conceptions
[25].

It is evidenced that the absorption of ingested tannins occurs normally despite its high molecular
weight, being a dietary component metabolized by the intestinal microflora composed of bacteria whose
reaction products are similarly phenyl valeric, phenylpropionic, phenylacetic and benzoic acid with
systemic effect and subsequently excreted in the colon by two lactones conjugated by glucuronic acid
[70]. Itis observed that if consumed excessively, tannins form non-absorbable complexes with proteins,
sugars, digestive enzymes, metal ions and vitamins (A, B12), which reduces their nutritional value [56]
and increases the availability of oxidative and nutritive agents [111, 103].

The consumption of tannins also acts on internal lesions such as gastric ulcers by increasing the
cytoprotection of the mucosa, however in deep gastric lesions beyond the epithelium, in the connective
and smooth tissue, the time of use may be longer, adapting according to the state of patient's health, like
those with chronic diseases [108, 104, 102, 57], however, it is worth mentioning that its safe dosage
according to the American Federal Drug Administration (FDA) is 100 mg/kg a day with a minimum
frequency of use, and cannot be used indiscriminately because it causes severe damage to the function
of organs such as the liver [115].

In topical application, tannins can act by stimulating endogenous factors at all stages of healing
[84]. These polyphenols act in the inflammatory phase, helping from homeostasis, with fibrin
formation, to the recruitment of inflammatory mediators and growth factors such as tumor necrosis
alpha (TNF-[1), platelet-derived growth factor (PDGF), fibroblastic growth (FGF) and transforming
growth factor (TGF). In this process there is also the activation of defence and elaborated cells such as
monocytes, lymphocytes and keratinocytes in addition to essential proteins such as elastin, ordering the
tissue to its initial state [89, 28]. Due to its astringent property, tannins form complexes with proteins
or polysaccharides that also create a protective physical barrier under the lesion, protecting against
bacteria, free radicals and possible cell that give rise to various neoplasms [67, 46].
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Figure 3. Tissue healing process using condensed tannins with representation of the main pathways of
action.
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In the proliferative phase of wound healing, tannins aid in the chemotaxis of growth factors,
stimulating collagen and forming new blood vessels [81]. The action of tannins reaches a peak on the
7th day of tissue healing, which corresponds to a proliferative phase. However, wound characteristics
such as: size, friction and amount of exudate can interfere with the closing time of its edges [102, 87].
Among the types of tannins available for consumption and administration (Figure 2) they are largely
related to the healing process due to their resistance to hydrolysis, which in turn allows for a longer
residence time and tissue response in addition to having low toxicity [95].

The non-use of topical formulations, hydrogels, creams and gels, with the addition of tannins is
determinant that their physical/chemical characteristics provide a more accelerated permeation adapting
to humidity, an essential factor in angiogenesis, a fundamental process for tissue oxygenation [61] . Its
greatest use in the treatment of injuries concerns the use in spongy and gelatinous format for the
membrane or in teas with the benefit of non-toxicity by the report of more traditional communities in
the interior of Brazil, mainly in the Northeast [69]. In the use of hydrogels, tannic acid has been
encouraged as it promotes stability in solutions that are crosslinked controlled, a factor that further
drives its use in emulsions [66].

Tannins have vasoconstrictor, anti-inflammatory, antimicrobial properties, use in healing cuts or
immunosuppressive diseases in traditional communities [88]. In view of its clinical potential, topical
use at low concentrations has been highlighted for wound healing [76]. In addition to healing, research
on affected problems has enormous prominence, such as combating the replication of the HIV virus
[115] and diabetes [63].

TANNIN EXTRACTION METHODS

Due to their heterogeneous nature, the yield, purity and composition of these polyphenols are
dependent on parameters such as: natural source, collection technique and environmental conditions so
that there is a better inheritance of these plant constituents [45]. Several organic solvents are used to
extract tannins from natural tissues such as twigs, leaves and bark, most of which are methanol
(MEOH), dichloromethane petroleum ether (DCM), ethanol (ETOH) and ethyl acetate, which provided
higher yields, but the use of n-hexane, ether and petroleum, which are non-polar, are also used along
with chloroform [104,31].

In most works involving tannin plants, agueous organic solvents are the most adopted due to their
easy handling, with methanol and acetone being the main ones due to the degree of yield, however,
other solvents show promise in practice, such as ethanol [ 74]. The principle to understand the
application of these solvents is the eluotropic scale which consists of using polarity as a means of
extracting the active principles of plants, being necessary to know the class of compounds to be reflected
and their water, in addition to the material available for use and the plant in question. There is still no
definitive consensus on choosing the best tannin inheritance method, therefore screening and interaction
studies between these compounds and organic solvents are extremely important [106].

When using organic solvents, it is also necessary to pay attention to the fact that their stability
decreases with increasing temperature and exposure to sunlight. A shelf extract exposure between 2 and
5 hours, depending on the degree of storage, affected the efficacy, given the choice of acetone or
methanol [14]. The proportion of plant material/solvent and the transmission time can also interfere
with the amount to be extracted [106]. In general, the temperature, the solvent and its proportion in
relation to the plant material act interdependently [51].

Maceration is one of the most used techniques, being in accordance with a physical training that
uses thermodynamics such as temperature and applied force. The time for ingestion can vary from 30
to 40 minutes, however what will define is the time for overcoming the surface membrane of the plant
giving access to its constituents and their degree of conductivity together with the type of solvent that
can be used, being usually ethanol, methanol and water [15].

Water is employed to extract polar substances particularly when it has experienced a
temperature corresponding to its boiling, where components containing carboxylic acid and hydroxyl
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groups are extracted through hydrogen bonds, however due to the polarity of organic solvents are still
the best choice [ 75]. Water as a solvent in pediatrics requires temperatures between 60° to 120° C when
used together with methanol or ethanol [25]. The concentration of agueous solvents seems to be directly
related to the absorbance value since between the use of methanol and acetone, the higher the
concentration, the greater the decrease in absorbance. If acetone is not used in the sample, there is a
decrease in absorbance and time, which is why it is chosen recurrently [74].

In some cases, ingestion process accelerators can be used, taking vanillin and phenolic aldehyde
as an example to increase precision as additives for quantification of the crude extract, that is, to provide
greater precision in the calculation of polyphenols together with sodium sulfite in a process called
sulfitation to increase the total material, making it more evident [21]. The addition of enzymes ends up
accelerating the processes within the cell membrane, which makes the guarantee even more effective
[25].

In addition to traditional laboratory methods, it is possible to use distillable ionic liquid ingestion
for large-scale production of plant-derived tannins that are used for commercial leather tanning. The
infrared method increases efficiency according to the wavelength of the heater and the distance between
the source and the solvent material. There are also other techniques such as supercritical, ionic, liquid-
assisted and pressurized hot microwaves [25].

MEDICINAL PLANTS AND TANNINS IN WOUND HEALING

Among the plants that have a healing action with activity related to tannins, it is possible to
highlight Punica granatum, which, based on the analysis of the bark by methanolic inheritance at 75%
with the use of soxhlet, highlighted the increase in granulation tissue, mainly related to the isolated
tannic of type A and B punicalagin, as well as gallic and ellagic acid [43] visited the wound area if
applied in gel vehicle, corresponding to 55% [80] to 95% of the wound edge [82].

This potential is also studied for other solvents such as 70% ethanol in burn wounds [78] and for
cuts, ethyl ether tested an absolute positive effect [91], its effect being similar to the role of ampicillin
in combating infectious agents in the lesion [65], with collagen stimulation being the main means of
promoting action [91]. The action and other tannic isolates are also highlighted with the use of
methanolic extract, being punicalin and penecalagin with antioxidant activity as described in table 1
[83].

Mimosa pudica known as “sensitive plant” presents a healing effect as a methanolic extract after
degreasing with total aqueous petroleum ether (extraction of the lipid recipe), being reported in addition
to the ointment, evidencing the presence of alkaloids and mainly hydrolysable tannins, with a result on
the fourth day and a peak on the eighth of the tissue, with the presence of hydroxyproline highlighted
[54]. The use of this root based on the recommendation with methanol and chloroform solvent is related
to the synthesis of growth factors [50]. Its effect on diabetic wounds is also reported [55].

Since the beginning of the 20th century, it has been possible to identify tannins from the
phytochemistry of Terminalia arjuna [18], a factor responsible for increased migration and parenchyma
trends from the hydroalcoholic recommendation with increased traction [20]. The use of ethanol solvent
also demonstrating tannins has its effect related to the increase of hydroxyproline favoring the formation
of type 1 collagen, mainly in the gel formulation [98]. It has in its aqueous extract action in a
norepinephrine ring, mainly in the inflammatory phase and hypotensive effect [109] in addition to
combating agents such as Propionibacterium acnes [112] and anti-inflammatory activity directly related
to tannins [118] and induction of cancer cells [ 52].

The use of Terminalia arjuna leaves from the use of ethanol solvent demonstrates activity related
to increased traction and collagen stimulation, helping in neovascularization [107, 66], and combating
bacteria such as Staphylococcus epidermidis, Staphylococcus subtilis and Staphylococcus aureus [53],
the presence of tannins [103] and the antioxidant activity promoted by it having already been
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demonstrated in phytochemistry, preventing the shortening of telomeres, a process responsible for the
state of the skin causing aging [84].

Table 1 . Main tannic isolates with healing action reported in the literature.

Structure Name Formula Reference
guibourtinidol CisH1404
[95]
Fisetinidol CisH 1405
5 Punicalin CauH2022 [83]
% A &
g {{ s
w0 A l t)n" I_o ! :})"U"
v e punicalagin CusH 28050 [43]
o n'“ ':1. \ v
® ‘ y y B L)
‘ﬂdl (“'
1,'_;_,!

It is seen that the tannins have about 14 isolates related to healing activity divided into 4 groups,
the carboxylics, gallotannins, ellagitannins and without specifications for containing isolated
particularities, both easily dissociated in high pH anions, some of which are found in the methanolic
extract of Terminalia chebula [60] with identification by HPLC [55].
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The use of methanolic extract from the bark of Lafoensia pacari is due to the presence of saponins,
steroids and mainly pyrogallic tannins, with its anti-inflammatory activity also being evidenced by the
intensified COX 1 and reduction of oxidative stress [34]. The 70% hydroethanolic extract of the leaves
also demonstrates macrophage-promoting action in lesions, as well as in ulcers and gastritis [90].

Poincianella pluviosa has already demonstrated an effect on tissue processing in the optimization
of keratinocytes and fibroblasts by brute, with polyphenols being the most related to this activity [10].
Condensed tannins together with triterpenes collaborate in the proliferative cascade by stimulating
chemical mediation, with the best result coming from methanol inheritance in the formation of carboxy
cellulose polymers on an injured area [40].

The ethanolic extract of Psidum guajava leaves has a healing effect on gingival cells related to its
tannins and flavonoids [33, 93]. It has already been applied in formulation and gel with positive results
in diabetic wounds [48]. Another plant already studied for this principle is Stryphnodendron barbatiman
in formulations of 2.5 and 5% in cream [28, 33]. The use of its extract by ethyl acetate favored
vasoconstriction and coagulation of proteins related to tannins [44] , having anti-inflammatory activity
[92], being able to potentiate results from optimization [108] and applied in formulations for chronic
deficiencies such as diabetes [5], as well as possible properties to try to be applied to the ethanolic
extract of Cnidoscolus quercifolius [ 37 ] .

Plants such as Bauhinia ungulata show healing action with the use of its ethyl acetate extract where
its tannic isolates such as Guiboutinialol and fisetinidol inhibit reactive oxygen species and cell
migration from the beginning of proteins [95]. Quercus infector from its ethanolic extract of dried leaves
showed antioxidant activity related to free radical scavenging and increased granulation and
collagenization [110], as well as Blechnum orientale [92]. Types such as Mimosa tenuiflora with
ethanolic extract and Quercus persica are also well explained [96,118]. The use of polyherbals tends to
have positive effects if applied to harmful processes, an example being the use of leaves of Psidium
guajava and Mellaostoma malabatericum from ethanolic therapy, where their tannins produced action
on wounds [77, 74].

W
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Table 2. In vivo studies using extracts with tannins for wound healing (cutaneous) using plant extracts and their respective inheritance methods.

plaqt Hospitalizati - lati
species ion/i ormulation
partl of the on/frlac_t lon/is wound model Tested groups Performance closing % References
(Popular plant olation of cream
name) processes
Research involving the use of tannins in healing without association with comorbidities
Blechnum Excision inthe | () creamy base 1% and 2% extract 1% extract (95%) and
orientale sheets Methanol dorsal region in 0 ° e 6.5% 2% extract (100%) - 14 [62]
(+) 10%
Linn a rodent _ 7 cream respectively davs
povidone-iodine Y
-) Vaseline L .
Terminalia oint(n)1ent 5 mg per Significant difference to
chebula immature | Ethanol 95%, The dorsal wound (+) Extracts at a dosage the control (P< 0.05)
. surface of the . of 5 mg + vaseline, | without measurement 0 [67]
Meleric fruit Erythromycin 100% before the 21st
( rodent . per wound
wound
terminali Orally with 150 and
erminalia ) o
arjuna Incision in Untreated group; 300 mg kg of Topical application of
bark shaved skinand |  100,300,10 extract day and 0.1% tannins with 462 g
ol Ethanol 50% L another 10 mg/day. 12% ull [98]
(Haritaki or cutaneous mg/kg; 1.5 and . p
arjuna muscles of rats 0.1% And they contain
bark) ' 1.5and 0.1% 16 days of treatment
processed
terminalia () No application Cream with Fraction rich in tannins
bark Ethanol 50% | 6 cm incision H de't;onhoi. Not mentioned with traction of 719 g. [18]
arjuna (+)Betadine ydroalconolic

extract
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(-) 5 mg vaseline

pha}seoltoid ointment Formulation: do ot On the 14th day, the
inpu : 0 not measure
bark Ethanol 95% back injury Vaseline + 5 mg of Tes_t }Nopﬂdf. SFOW?d [102]
(Saint extract. uproar partial epithelialization
Thomas) (+)5mg without itching
Bactroban
) Model group of 98.43%;
Salarbio 0.25 mL O; Tf‘ comparing the mice
Corp . . were usea a
Specific Tannins Incision in the \{a\/hlf?cgtri(z)l;]p.k,e\lf? different TA-treated with YB-
(Cas 1401- tanr?ic acids 2g/mL stock dorsal region | se p:fratel ar; d test concentrations of not measured treated rats, [22]
55-4, HPLC solutions g P y 1.5,1.0 and
1 98%, group 0.5g/mL, group YB after day 7
China) . respectively and almost healed on
day 15.
. The experimental
Persian Methanol Incision 2.0 cm Ucerin-based group was treated 94.41+0.26
Quercus bark long and 0.2 cm ointment and by daily application No percentage , [7]
Y : y daily applicall measured 26 days after starting the
(Black Oak) deep untreated group of 5% mgthanollc application.
extract ointment.
Bauri?ial_ hexane (4 x Topically treated
ungu a a . . . . 0 - - g .
stem wood 10L) and Incision in the Base Formulation with 200uL of 0.5% 80% Significant repair on the [95]
(Bovine ethanol (4 x back region FABU gel once 14th day of treatment
leg). 10L) daily for 5 days
Mitochondrial
Positive control: activity was
poincianell 20L of EtOH- i vitro cell cells toreated with I\/T'T'S'I?ifsazg kt)rilet:]:te Significant reduction in
a pluviosa bark water (1:1 S% FCS - Not mentioned the 10th day (no [10]
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(Sebipira) v And the untreated prospects by y

negative

incorporation of
BrdU

\\

International Journal of Digital Research, Volume 1, Issue 3, 2025

h
Vi




Domingues de Barros et. al. - Tannins: plant-derived polyphenols that enhanced skin healing

Assay and release

of lactate
dehydrogenase
poincie.lnell Incision in the Polymer film added Significant difference
apluviosa | sompark | Ethanol 50% . not described y Not mentioned from 10th to 14th [38]
back region over wound : 0
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70% o
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Acetone + Negative control:
Water (7:3) by Plain ointment
prudish the cold (e.9. beeswax, _ _ On the 19th day
mimosa maceration . cetostearyl Mimosa pudlca. and . reduction in length of
(Do not sheets method. back injury alcohol, etc.), 0|ntme2§/§1pplled Not mentioned 0.69 mm and width of [19]
touch me) Petroleum Positive control: L7
ethef |s.added 5% povidone
to this filtrate. iodide
Total aqueous Ointment
extract was o containing 1% and
prudish prepared by Excision on the 204 1% of the extract
mimosa decoction back in a - : (88.69%)
source method with circular shape SLT(?;Z 2:)nr;?slnt (no formula 14.42% [54]
(Do not distilled water | ~(approx. 500 description) 2% of the extract
touch me) mm2) (97.34%)
in the ratio of total aqueous
1:5 extract
Stryphnode Manipulated .
ndr.on Not Not Ovariohysterect ointment based on Ir_1 15.days;|t waso :
adstrigens . . Nyste placebo ointment | barbatimao in the Not mentioned obtained: 2.5% (2.5%);
mentioned mentioned omy injuries £25 [28]
(Barbatima percentage of 2. 10% (1.7%)
0) and 10%
Rubia Ethanol (95%) Reduction of 4.7 mm in
e ano 0 0, 0, )
cordifolia roots back of mice flat base A 0.2%, 0.5% and 9% 7 days from the 1st [47]
L. (Indian 1% gel application
madder) PP
Negative control:
Psidium control (white gel Reduction in 5% Gel
guajava Acetone (70% mouse coast without drug. 5% and 10% gels. Not mentioned (57.57 mm) and 10%
Linn sheets viv) . Gel (103.62 mm) in 12 [48]
Positive control: .
(Guava) 0.8% formalin Days.
aqueous solution
~
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Ethanol and
solvents of
increasing Negative Control:
Psidium polarity such Plain ointment
guajava leaves and | 2 Peroleum (eg, beeswax, 5% of the extract in . Contraction of 94.81%
Linn ether, rodent coast cetostearyl alcohol . Not mentioned . [93]
bark ", i the ointment in 16 days of treatment
chloroform, Positive Control:
(Guava) ethanol and 5% Povidin iodine
aqueous to ointment
produce its
production
Psidi Two applied
stdium On the tongue applications of the - .
guajava with a 3 mm swab-tested drug at Significant repair on the
Linn sheets 70% ethanol . not described : Not mentioned 3rd to 14th Day (No [33]
diameter 12-hour intervals
. percentage)
(Guava) circular scalpel. throughout the
experiment
By maceration ch_>u_blel—lsl_i nld
; ; clinical trial,
t:z\:;ri:fc?fa husks V\:c;[? ;;hr?r;ct)l ; Treated and hydrogel Not mentioned 92% reduction in 21 [96]
(Calumbi) room randomized and | uyntreated groups ydrog days of treatment
placebo-
temperature controlled
- W
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Negative control:
Strr):g?(r)]r?de 0.9% regulatory
. solution 0 [102]
adstringens Not 4 | Uninformed | back of rodents Barbatimao 10% Not mentioned 100% on the 14th day of
(Barbatim mentione Positive control: treatment
0) Formulated
ointment
Organic
solvents (500 Negative control:
_ mL) such as Ointment without
Pterolobiu petroleum actives
m sheets ether, ethyl Excision wound 2.5% and 5% of the Not mentioned 100% reduction in 21 [103]
hexapetalu acetate and on the back ointment days of treatment
m methanol in
increasing Positive control:
order of their Neomycin 5%
polarity
On the backs of In acute toxicity:
Quercus rodents there i increseing doses (1 Epithelialization of 98
infectoria were Not mentioned 2,4and 8g/kg p ,
Intec sheets 95% Ethanol body weight) 270 g 58 on the 14th day of [110]
PR treatment
Z\é\lro\/':ﬁ{:est;?:ls In the incision: 400
and 800 mg/kg
Research involving polyherbal in wound healing
| Aqueous extract of
syrlnv&(les\,/t&rlis Negative control: | M. silvers and S.
. 15 mm deep No medication nigrum and 33% oil
Solanum sheets Sesamle 0|Itas circular burn on . extract of R. 54.8% better than the
. asolven back Positive control: : Not mentioned control on Day 14 of [30]
nigrum ; - damascena in a
petal oil 1% fadiazine cream base treatment
damask sHverstJ;:;\Tt]e (59) including eucerin
rose (25%), white
vaseline (28%) and
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white beeswax

(4%).
Table 3. In vivo experimental research involving tannins in healing diabetic wounds.
plant species Hospitalization/
part of the fraction/isolatio wound Tested groups cream Performance Wound Decrease References
(Popular plant model group formulation
name) N processes
- Powdered .
butea gum Boiling water . Formation of
gum and sated brine dead Not mentioned substance, which 42% granulation tissue [58]
- space has been treated
solution . on the 8th day,
with ether
(Not mentioned %)
Asingle Negative
Extracted with | dose of 84 control_: control
acetone (70% mg/kg of (white gel
. viv) by the cold | galloxane | Withoutdrug 5% gel fraction
Psidium maceration monohydr (76.27 for 18.70
guajava Linn sheets method, this ate 5% and 10% gels | Not mentioned | mm)and 10% gel [52]
(Guava) fraction was dissolved Positive fraction (110.29 for
evaporatedand | insaline | control: 0.8% 6.67 mm)
used for the formalin
study. mouse aqueous
back solution
Research involving polyherbal
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5 groupsin a

Melastoma hyperglycemic

malabathricu state, then the
m L. oven at + 50EC dorsal mice were Mixture of leaf : 40 to 29.6 mm? in 5
sheets surface of | . duced usi Not mentioned q [77]
- and 70% ethanol the foot | 'duced using a extracts ays

from P5|d|um 10 g alloxan

guajava L. monohydrate

injection
Table 4 . In vivo experimental research involving the use of tannins in healing associated with burns
p|ant species part of Hospitalization Tested
the raction/isolati | wound mode cream formulation erformance ound Decrease eferences
h [fraction/isolati d model groups f lati Perf Wound D Ref
(Popular name) | plant on processes
Creams containing 5%
And 10% extract
. - Saline .
punica granatum AC]UEOUS Suplne pOS!tIOﬂ Solution It was mixed with Size of 1 cm? [85]
flower on box with PR ; 26.8%. without 20°
(Pomegranate) ethanol (70%) back and Base | liquid paraffin, stearyl d
ack up Cream alcohol, cetyl lameter
Alcohol and Span 80
to 700

\\
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The methanolic extract
formulation was
prepared as 2.5%

(w/w) and 5% (w/w)

hydrophobic base as a

6 cm long Group I simple ointment -
prudish mimosa Straight Untreated P 50% reduction
(Do not touch source Chloroform and p.ara_lspinal control; | The chloroform extract Not mentioned compared to the [50]
methanol incisions Grpup I, was made at 2.5% control group on the
me) Simple | (\w/w) and 5% (wiw) in 10th day
Ointment | 5 hydrophilic base such
as carbopol (1%)
containing methyl
paraben (0.01%) and
propylparaben (0.1%) .
_ . N,
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MAIN CONTROL OF ACTION OF TANNINS IN WOUND HEALING
ANTIOXIDANT ACTION

Reactive oxygen species (ROS) are the main cause of damage to the surface of the skin and are
present in the environment. These compounds are produced and acquired at all times, and it is up to the
body to bring about a balance between oxidant and antioxidant agents [71]. The antioxidant activity of
tannins is dependent on the structures of absorption, neutralization of radicals and peroxide compounds
[11]. In view of this, they act by avoiding lipid peroxidation, balancing the creation and elimination of
peroxides, thus not becoming an aggravating factor [2, 86]. This class of polyphenols works from three
main pathways, which are the elimination of free radicals, the chelation and transcription of metals and
the orientation of pro-oxidative enzymes [70].

The lipid peroxidation time is dependent on characteristics such as molecular weight, ring
hydroxylation and antioxidant potential of the analyzed constituents. The mechanism of action occurs
through the orientation of pro-oxidative enzymes that age in nitric oxide synthase, generating an effect
on lipoxygenase (LOX), which then damages membrane lipids, with research into this effect
contributing to the discovery of phlorotannins, which are a class tannins and which has been highlighted
for its potential use as an antioxidant and anti-inflammatory agent. The chelation pathway of heavy
metals occurs through the binding of cations of metals such as iron and copper, which are cofactors of
antioxidant enzymes such as catalase and superoxide dismutase. The lipid peroxidation pathway occurs
through the oxidative modification of low-density lipoproteins, the most common being LDL [3, 59,
70].

Tannins have a wide variety of types, which can often dictate their antioxidant effect depending
on their structural organization, however there is a wide relationship with proanthocyanidins belonging
to the group of condensed tannins that due to their complex structural and ecological diversity Physical
chemistry bestows this potential in a more illuminating way. From different tests using different
identification pathways against an effect reducer, either by the antioxidant capacity by trolox
equivalence (TEAC), iron reduction (FRAP) and 2, 2-diphenyl-1-picrylhydrazyl-hydrate (DPPH),
antioxidant potential is already seen [119].

ANTI-INFLAMMATORY ACTIVITY

Tannins relieve the pain threshold due to inflammatory hyperalgesia, where there is no continuous
stimulation of inflammation during healing, which causes heating and other cardinal signs of
inflammation, mainly edema, which would generate pain due to the release of endogenous mediators
such as bradykinin and serotonin. In addition to this process, there is an increase in cyclooxygenase in
the release of arachidonic acid by the biosynthesis of prostaglandins of the neurogenic phase, that is,
there is a local psychological effect in prolonging the intensity of inflammation and this is due to the
transition beyond the prostaglandin 2 (PGE ) and enzymatic acceleration that are stimulated by the
induction of carbon dioxide (CO 2 ) from the spinal cord and cyclooxygenase (COX-2). In addition, its
effect may contribute to thermal, mechanical and muscular hyperalgesia pathways due to its high
bioactivity in chronic pain, inhibiting chemical mediators such as TNF, IL 1 and PGE and decreasing
nitric oxide responsible for great swelling, intensity and increased itching throughout the inflammatory
phase in its extension of origin [27, 39, 91, 23, 101, 81), which would explain its potential against
toothaches [94].

MICROBIOLOGICAL EFFECT

Faced with the high level of problems facing bacterial resistance to antibiotics in their
indiscriminate use by the population, several alternatives have been studied as a possible treatment
model, one of which is the use of tannins because they are of plant origin and have good distribution
and low toxicity [29] . This action is related to several action pathways against gram positive and
negative bacteria, the main ones being induced cell synthesis, combating the formation of biofilms,
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enzyme induced and iron chelation where the o-dihydroxyphenyl groups are linked by ferric ions that
unite at the molecular level [16].

The antibacterial effect of tannins is related to the surface components and their ability to non-
covalently associate with proteins and other macromolecules which, if done successfully, causes
bacterial susceptibility, this compound causes the lysis process and consequently the death of
microorganisms which may delay healing by producing exudate [35]. Some analyzes have already been
carried out on the class of bacteria that present this susceptibility, considering that species such as
Staphylococcus aureus, Staphylococcus luteus, Staphylococcus epidermidis, Proteus vulgaris,
Escherichia coli, Salmonella typhi, Listeria innocua and Bacillus cereus have also been shown to
bacteriostatic action in these groups [61, 26, 11], also in the literature it is possible to find action in
other less pathogenic types, such as Propionibacterium acnes [42] and having already experiments with
formation of minimum inhibitory concentrations (MIC) higher than 1600 pg mL' that are considered
bactericidal [32].

Its action against fungal groups that can also disrupt tissue control is still little related, however,
it is known that its mechanism of action depends on the destabilization and permeation of the
cytoplasmic cell membrane, driven by extracellular membrane enzymes and direct actions on its
metabolism, which consequently generates death to the infectious agent [11]. It is seen that the presence
of carbohydrates in tannins reduces their antifungal efficiency [25].

In research carried out in groups of basidiomycetes, ascomycetes and mitospores
(deuteromycetes) it was seen that tannins function with their own inhibitory effect from these previously
mentioned pathways. Within the growth of the so-called brown subgroups in relation to the white and
soft types, this designation referring to the factor of decay and destruction of the plant support of fungal
groups dispersed in the environment, to which these classes were identified for the first time, it is seen
the decay of their survival with a fungicidal character with the addition of copper impregnation,
although not many cause resistance in humans, being more present in the commercial sphere, they
observe the quality of export in wood [5].

PHYSICAL BARRIER

Tannins have as their main pathway in healing the formation of a layer on the surface of the
epithelium that encourages the formation of collagen, elastin and components of the extracellular matrix
that fight infectious agents, functioning as a mechanical barrier preventing physical particles (eg dust,
pollen , etc) come into contact with the area that would be exposed [67]. This constipated layer of
polysaccharide acts in the fight against free radicals and neoplasms by stimulating agents such as tissue
factor (TF), which participates in an accompanying way in the cascade of coagulation and cytokine
migration [46, 114].

It is the formation of this film that the healing phases are not negatively sustained by microbial
agents that received exudate formation, mainly in the inflammatory and proliferative phase, with the
action of chemotactic growth factors and overlapping of vascular connective tissue with re-
epithelialization and vessel formation [56, 81]. Tannins thus end up increasing the number of cells
continuously without affecting the migration of agents such as keratinocytes and essential proteins such
as collagen and elastin during the last stages of epithelialization [89]. The use of tannic acid should still
be boosted in the production of creams and cosmetics, as it aids in the stability of this formula with a
high water content, with an emphasis on hydrogels increasing its crosslinking which even better seen
in rheological analyzes increased its attraction and prospects cell according to the chosen property [66].

CLINICAL USE IN COMORBIDITIES

In the population with chronic diseases, secondary interferences such as hormonal, behavioral and
chemical interaction factors can generate immense difficulty in the duration of the healing process,
mainly in the formation of ulcers due to dermal xerosis of the lower limbs in diabetics with
uncompensated hyperglycemia [1, 100]. For the treatment to work properly, it is necessary to
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understand the entire pathological process in question for adequate traditional use together with the
practice of scientific knowledge about what is present there and how it can interact to generate some
kind of benefit in the short term. An example of type 2 diabetes where the use of free radical chelating
products decreases the amount of reactive oxygen species and increases the formation of capillaries,
generating oxygenation and stimulation of fibroblasts, thus being a great alternative to this problem
[67].

With regard to tannins, they can be applied to the skin from a vehicle, helping to maintain a
favorable microenvironment, which is humid, allowing and accelerating controls. Tannins are closely
linked in the regulation of enzymatic activities, which configures an action in the fight against several
pathologies that can be from diabetes mellitus to the rarest, acting in a systemic way from its
consumption and topically in wound healing, being also seen that its functionality is related to non-
damage to the membrane and combating neoplasms [41, 61] .

Despite this high potential for use, it is worth noting that the tannins had a limited effect due to
their tendency to interact with other so-called substances, their low chemical stability, rapid metabolism
and low availability, requiring the development of means that preserve them for a longer time compared
to the its clinical use that can last for days, either this topic or systemically as an example of using the
encapsulation process [68].

THERAPEUTIC POTENTIAL

The action of tannins in wound healing is evident, acting through multiple ways of action such as
their antimicrobial action, as a physical barrier and stimulator of fibroblasts, neutrophils and
macrophages, these of which interact and function at the same time in the cascade of processes of
respectability. This efficiency is dependent on the minimum amount of these polyphenols in a given
location or systemically with the formation of agents such as blood vessels by stimulating angiogenesis,
which is one of the main precursors of tissue nutrition and inflammatory intensity [47, 30, 93, 28] .

It is evident that the tannins act by stimulating mainly the fibroblasts that continue to stimulate
collagen and elastin, which are the main agents responsible for the reduction of the lesion. epidermis
that has antibacterial activity [64, 17, 48, 101, 9, 7]. This pathway also stimulates keratinocytes, which
are agents belonging to the dermal layer and have a pro-inflammatory action in stimulating cytokines
[22].

Antioxidant activity is the main agent responsible for contributing to healing time, which is the
main means of combating cells that may undergo the presentation process together with granulation
agents [110]. It is clear to point out that tannins from these aforementioned routes have an enormous
potential for clinical applicability, which is sometimes still unlikely in medical routine, due to the
greater incentive for synthetic products [100, 95].

It is evident the contribution that this compound tends to bring to a population that often uses plants
rich in tannins in food, being more evident in the preparation of teas. If tannins are applied, not only
does it offer the convenience of being cheaper and more accessible to the population, but also for those
who use it in healing, it is possible to observe the formation of crusts in a shorter time, absence of
itching and better tissue organization, bringing elasticity and a better degree of of skin contraction [72].

CONCLUSION

Tannins are constituents of plants that received protection against predators, being reported in
traditional medicine as a healing agent and acting in all phases of tissue reconstitution, mainly in
inflammation and remodeling. In view of this, the present literary overview demonstrates that tannins
act in an anti-radical, anti-inflammatory way, in the fight against bacterial and fungal microorganisms,
as well as generating a physical barrier, elucidating the importance of looking for better ways to stabilize
and deliver this compound as a therapeutic model, which can be done mainly through creams and gels
increasing their permanence time under the injured skin.
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