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Purpose: In the presence of acute or chronic inflammation in the periapical tissues caused by various
anaerobic and facultative bacteria, it is aimed to create suitable healing conditions by performing suc-
cessful root canal treatment. However, endodontic flare-ups may occur between appointments, and
this may cause discomfort for the patient and damage the patient-clinician relationship. Therefore, in
this brief review, it is aimed to describe the possible preventive effects of the natural medicine Pelar-
gonium sidoides extract (EPs® 7630), which has broad anti-infective and anti-inflammatory properties.

Methods: PubMed and Google Scholar databases were searched and reviewed related to P. sidoides.
The anti-inflammatory and antimicrobial effects of P. sidoides extract and its chemical constituents in
periodontitis and other systemic infections are discussed.

Results: Clinical and in vitro studies have confirmed that P. sidoides extract and some of its fractions
may be involved in inflammatory tissue responses by showing immunomodulatory effects in mild infec-
tions of periapical tissues. This implies that the natural remedy, EPs® 7630, could be a potential thera-
peutic and prophylactic medicine for root canal treatments.

Conclusion: This review provides basic information about the immunomodulatory, anti-infective, and
anti-inflammatory effects of EPs® 7630 and outlines its possible functions in periradicular tissues as a
promising therapeutic medicine.
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Introduction

The dental pulp consists of mesenchymal connective tis-
sue that extends from a pulp chamber within the crown to
one or multiple canals in the roots. The hard dentin tissue
forms a structural integrity surrounding the pulp tissue in
the crown and root parts. In teeth damaged by periodontal
disease, trauma, or caries, microorganisms can lead to in-
fection and inflammation in the pulp tissue (1). Although

pulp tissue has various defense mechanisms against micro-
organisms and their toxins, necrosis of the pulp tissue may
occur (2). In untreated cases, microorganisms and toxins
can occupy the root canal system, migrate out of the canal
via the apical foramen, and invade the peri-radicular tis-
sues (3). This invasion in the peri-radicular region causes
apical periodontitis, an oral inflammatory disease, and

is characterized by the formation of granulation tissues
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with bone resorption. Apical periodontitis includes com-
plex molecular and cellular mechanisms in which various
bioactive molecules, such as lytic enzymes and cytokines,
contribute to tissue destruction (4). If apical periodontitis
is not correctly diagnosed and treated, it could not only
cause tooth loss in the future but could also be a source of
other inflammatory diseases associated with systemic dis-
eases, such as cardiovascular disorders and diabetes (5).
In addition, the number of people around the world with
at least one tooth with apical periodontitis has been re-
ported to range from 16% to 86% according to their age,
education level, and access to dental care (6). Although
symptomatic apical periodontitis associated with irrevers-
ible pulpitis or necrotic pulp is commonly seen clinically,
it may appear as an acute abscess when virulent bacteria
reach the periapical area in sufficient numbers. A previous
study reported that acute apical abscesses that are char-
acterized by localized swelling and lymphadenopathy re-
sulted in 61,439 hospitalizations and were the cause of
death for 66 hospitalized patients over a 9-year period (7).
Therefore, endodontic treatment aims to retain teeth with
pulpal and periapical diseases by maintaining the health of
periapical tissues by preventing and treating the infection
(8). However, acute exacerbation of a pulpal or peri-radic-
ular pathosis may occur after the initiation or continuation
of endodontic treatment procedures, which is also known
as an endodontic flare-up. Even if a flare-up occurrence
between appointments does not have a significant effect
on the success of the endodontic treatment, it is distress-
ing and undesirable for patients due to the development
of pain and swelling, thus requiring additional and un-
scheduled interappointment visits. Systemic antibiotics are
indicated in flare-up cases if there are any signs of systemic
involvement. The patient’s lifestyle and satisfaction with
treatment are also affected by this condition (9). For this
reason, clinicians should take appropriate precautions to
avoid flare-ups (10). Several approaches have been rec-
ommended for this purpose, including the preoperative
and postoperative intake of some medicines, such as non-
steroidal anti-inflammatory drugs (NSAIDs), corticoste-
roids, and antibiotics. However, there is a lack of sufficient
evidence regarding these prevention strategies to support
their effectiveness (11).

Systemic antibiotics are commonly administered as an ad-
junct to the non-surgical endodontic treatment of acute
apical abscesses with systemic involvement or in cases of
progressive infections such as cellulitis and spreading in-
fections (12). Antibiotics should also be considered in
cases of acute apical abscess in systemically compromised
patients that cause impaired immunologic function (13).
However, the antibiotic prescription should be limited, as

the overuse of antibiotics could provoke the emergence of
antibiotic-resistant bacterial strains. Several recent reports
from different countries have shown inappropriate antibi-
otic administration in endodontic infections, and this has
become an international concern (14,15). In this regard,
the intensive use of antibiotics in dentistry makes bacteria
unsusceptible to prescribed antibiotics and causes them
to gain resistance (16). Thus, the emergence of antibi-
otic resistance is inevitably becoming an important global
health problem as it is making infection treatments more
difficult. Furthermore, antibacterial chemicals in antibiotic
drugs not only kill pathogenic bacteria but also destroy
common strains of the human microbiota. Therefore,
treatments with herbal antibacterial drugs can be a prom-
ising new therapeutic method for eliminating the risk of

bacterial resistance development (17).

Pelargonium sidoides, mostly known as African geranium,
is a medicinal plant indigenous to South Africa, and its
root extract is thought to be effective in the treatment of
various acute infections (18). Following the identification
of many compounds of P. sidoides roots, such as methoxy-
coumarin and proanthocyanidins, liquid herbal medicine
branded EPs® 7630 (active ingredient of Umckaloabo®
product, ISO-Arzneimittel, Ettlingen, Germany) began to
be produced. This medicine, which is prepared by dissolv-
ing the root extract of P. sidoides in 11% ethanol, has been
approved for use in the treatment of acute respiratory tract
infections in various countries across the world, includ-
ing European countries (19). Since EPs® 7630 has been
shown to have antimicrobial and immune modulatory ac-
tivities in some studies, it has been reported that it can
be used in other pathological diseases related to inflam-
mation (20). Hence, in light of the information given in
this brief review, we question whether the use of P. sidoi-
des extract before and/or after endodontic treatment of
pulpal or periapical infections could be an adjunct therapy
option that may help to decrease the incidence of flare-ups
by alleviating the severity of post-treatment inflammation.
Thus, it may minimize the need for systemic antibiotic
administration for endodontic infections following root
canal therapy. In order to find solutions to endodontic
symptoms experienced by patients, we proposed a consis-
tent hypothesis with respect to the evidence collected in
this paper. We hypothesized that the prophylactic adminis-
tration of EPs® 7630 as a natural remedy may reduce the
possibility of flare-ups occurring after endodontic treat-
ment or between appointments for nonvital teeth, thereby

reducing inappropriate antibiotic use in endodontics.
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Evaluation of Hypothesis, Anti-Inflammatory,
and Anti-Infective Effects of P. Sidoides

An overview of the EPs® 7630: Cytokine-Apical
periodontitis relationship

Pathogenic bacteria and their products in infected root ca-
nals stimulate periodontal ligament (PDL) cells to release
inflammatory mediators that allow inflammatory cells to
migrate into the inflammation site. When lipopolysaccha-
ride (LPS) antigens on the surface of pathogenic bacteria
stimulate PDL fibroblasts, Toll-like receptors (TLRs) such
as TLR2 and TLR4 are expressed, and CD4+ T cells (Help-
er T Lymphocytes) are activated (21). However, in the ear-
ly stages of the periapical lesion, interleukin 1a and tumor
necrosis factor-alpha (TNF-a) cytokines were found to be
expressed in the absence of T cells in the inflammation site,
and then the effect of T-lymphocytes in the pathogenesis of
periapical lesions was questioned (22). Interestingly, some
studies have revealed that Pelargonium extract induces
TNF-a and IL-1 production by acting on murine-derived
macrophages (23,24 ). Furthermore, in their study on hu-
man peripheral blood mononuclear cells, Witte et al. (25)
determined that EPs® 7630 targeted CD14+ monocytes
and led to the production of high amounts of TNF-a and
interleukin 6 (IL-6) pro-inflammatory cytokines. On the
other hand, EPs® 7630 pre-treatment inhibited TLR3-
and TLR4-mediated TNF-a and interleukin 10 (IL-10)
production while increasing IL-6 secretion depending on
its concentration. According to these findings, it has been
suggested that EPs® 7630 activates the innate immune
defense by stimulating an immune response before any
infection, thereby promoting the body’s ability to quickly
and efficiently eliminate potentially incoming microorgan-
isms. Thus, it is thought that it may have a protective effect
against microorganisms in the periapical tissue.

Indeed, the ingredients of EPs® 7630 are responsible
for the pharmacological activity, and some studies have
been performed to identify which ingredients have thera-
peutic effects, such as anti-inflammatory or antimicrobial
(25,26). The ethanol in EPs® 7630 dissolves the roots of
P. sidoides, leading to the formation of a range of six main
components: proanthocyanidins, carbohydrates, minerals,
peptides, purine derivatives, and benzopyranones (27).
The proanthocyanidin fraction of P. sidoides root extract,
condensed tannins formed from flavan-3-ol units, leads
to antibacterial and anti-inflammatory biological activities
(28). Proanthocyanidin can suppress inflammation owing
to its potent antioxidant and metalloproteinase inhibitory
properties (29). The production of nitric oxide (NO), a
potent antioxidant agent, enables macrophages to exert
cytotoxic effects against microorganisms (30). EPs® 7630

has been shown to strongly induce inducible NO synthases
(INOS) gene expressions in Leishmania-infected raw cells
(24). iNOS expression in activated macrophages as an im-
munological response to pathogenic stimuli induces the
release of larger amounts of NO. However, it should be
noted that while NO species may usefully function as an-
timicrobial effector molecules in immune system protec-
tion against pathogenic microorganisms, the relatively high
level of NO produced during the immune response can be
harmful (23). The increase in iNOS gene expression leads
to reactive nitrogen species-mediated apoptosis of gingival
fibroblasts and tissue loss in periodontitis (31). Therefore,
regulation of NO production is important for both peri-
odontal tissues and human health. Jekabsone et al. (29)
illustrated that the proanthocyanidin fraction of P. sidoides
root extract reduced iNOS synthesis in murine bone mar-
row-derived macrophages, protecting periodontal tissues
from damage caused by reactive nitrogen species.

Cyclooxygenase-2 (COX-2) is involved in the production
of prostaglandins and thromboxanes that promote inflam-
matory reactions and is not found in most normal tissues
(32). Thus, NSAIDs target a reduction in the synthesis of
prostaglandins and thromboxanes by inhibiting the COX-
2 pathway, thereby controlling the formation of pain and
inflammation (33). Interestingly, the proanthocyanidin
fraction of P. sidoides root extract was also found to in-
hibit IL-1f and COX-2 pro-inflammatory gene expression,
which is associated with bone tissue loss in periodontitis, in
macrophages treated with LPS and IFN-y (29).

Mitogen-activated protein kinase (MAPK) is a signal trans-
duction pathway that establishes an important link between
the cell surface and the nucleus to regulate cellular pro-
grams such as proliferation, differentiation, development,
and death. Since this pathway can cross-talk with all mo-
lecular pathways, it plays an important role in bone forma-
tion (34,35). Some pro-inflammatory cytokines (TNF-a,
IL-1B, etc.) activate MAPK, and EPs® 7630 has also been
shown to induce MAPK-dependent pro-inflammatory cy-
tokines in human monocytes (25). In view of these above-
mentioned data, an intervention with EPs® 7630 in the
treatment of apical periodontitis may be advantageous as
it pre-strengthens the innate immune system and induces
bone formation via the MAPK pathway. Besides the fact
that EPs® 7630 activates human monocytes and induces
MAPK-dependent pro-inflammatory cytokines in these
cells, it specifically modulates the production of mediators
known to lead to the generation of adaptive T helper 17
(Th17) and T helper 22 (Th22) cells in the bone marrow
(36). Th17 and Th22 cells, subtypes of CD41 Th cells, are
important members of the adaptive immune system and
have been found to exist in periapical lesions. IL-23, IL-
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6, and transforming growth factor beta activate Th17 cells
and cause the secretion of interleukin 17 (IL-17). While
the presence of Th17 and IL-17 has been demonstrated in
severe chronic apical periodontitis, the roles of Th17 and
IL-17 in periapical inflammation are still not fully under-
stood (37). Interleukin 22 (IL-22), secreted by Th22 cells,
is a cytokine belonging to the I1L-10 superfamily, which is
the effector cytokine of the Th17 lineage (38). According
to the results of a study on a mouse model, knockout of
IL-22 led to an increase in the size of the periapical lesion,
suggesting that IL-22 is involved in the host’s immune sys-
tem in periapical inflammation (39). In light of this infor-
mation, it is thought that EPs® 7630 may have a preven-
tive effect on the development of periapical inflammation
through the adaptation of Th17 and Th22.

An Overview of the Apical Periodontitis-Bacteria-
EPs® 7630 Relationship

Apical periodontitis is a microbiological problem that
causes infection in peri-radicular tissues before or after
endodontic treatment. If the entry of microorganisms into
the root canal system is not successfully controlled during
the initial endodontic treatment, it may lead to the devel-
opment and persistence of periapical infections. Although
microorganisms may not be present in the canal before
the treatment, the root canal system may be infected sec-
ondarily as a result of the entry of bacteria into the root
canal system due to the violation of aseptic conditions
during the endodontic treatment (8). These microorgan-
isms in the root canal system might also extrude into the
periapical tissues when performing canal instrumentation
and could cause an endodontic flare-up, which is charac-
terized by pain and/or swelling. Considering bacteria as
a causative factor of endodontic flare-up and persistent
periapical infection following endodontic treatment, it is
anticipated that antibiotics will assist in the prevention or
management of inflammation of the periapical tissues (40).
In some studies, it has been reported that antibiotic in-
tervention before or after endodontic treatment of teeth,
especially non-vital teeth, may be beneficial to prevent or
decrease the incidence of acute infection in periapical tis-
sues (41,42). However, the intensive prescription of antibi-
otics for endodontic infections renders bacteria unsuscep-
tible to prescribed antibiotics while also exposing patients
to a wide range of side effects. Therefore, microbial culture
and antibiotic susceptibility testing are considered essential
for prescribing a targeted antibiotic, although they increase
the cost and delay the commencement of endodontic treat-
ment (43). In a survey study, it was reported that 66% of
dentists did not recommend antibiotic susceptibility and
culture tests to their patients, and 51.3% reported that their

patients did not respond to prescribed antibiotics (44).
These results highlight that dentists should focus on antibi-
otic susceptibility and culture tests to determine the appro-
priate antibiotic that should be prescribed for a particular
type of bacteria isolated from the canal (45). Apart from
bacterial insusceptibility, inappropriate use of antibiotics
might cause side effects such as fatal anaphylactic reactions
and gastrointestinal disorders (12). These facts may sug-
gest that herbal medicines such as EPs® 7630, which have
very few side effects, might be considered natural antibiot-
ics and could be an alternative to prophylactic antibiotic
therapy in attempts to prevent odontogenic polymicrobial
infections such as apical periodontitis or flare-ups (Fig. 1).

The microflora of endodontic infections involves a com-
bination of Gram-positive and Gram-negative facultative
anaerobic bacteria (strictly anaerobic). Anaerobic mi-
croorganisms isolated from teeth with untreated apical
periodontitis were found in one study as follows: Pepto-
streptococcus micros, Fusobacterium necrophorum, Fu-
sobacterium nucleatum, Prevotella intermedia/nigrescens,
Porphyromonas gingivalis, and Porphyromonas endodon-
talis. Additionally, Enterococcus faecalis is frequently asso-
ciated with unsuccessful endodontically treated teeth (46).
Among them, E. faccalis and P gingivalis are important
pathogenic bacteria that cause the destruction of periapi-
cal tissues (47). It was clearly determined that endophytes
isolated from the root of P. sidoides endowed a significant
antibacterial effect against E. faecalis and proanthocyani-
dins against P. gingivalis (26,29). These findings suggest

Pelargonium
sidoides

Toll Like
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CD4&4+ T cells
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Upregulation of
Proinflammatory Cytokines

IL-1,IL-6, TNF-a

v

ACUTE EXACERBATIONS

Fig. 1. Possible anti-inflammatory effect of Pelargonium sidoides to
prevent endodontic flare-up occurrence.
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Fig.2. Schematic depiction of strengthening the innate immunity through Pelargonium sidoides.

that . sidoides root extract may be a potential candidate
for a harmless prophylactic treatment option for acute ex-
acerbation of periapical pathologies, before or during end-
odontic intervention, due to its noteworthy antibacterial
and anti-inflammatory effects. It can be hypothesized that
these effects are mainly induced by an immune modulation
mechanism mediated by the activation of macrophages and
a consequent increase in NO production, which was dis-
cussed thoroughly above. The direct antibacterial effects of
D sidoides root extract against endodontic pathogens may
be expected if it is used as a root canal irrigant or intracanal
medicament where direct contact between the agent and
bacteria may occur. Since herbal medicine has experienced
rapid growth in recent years due to its beneficial properties,
the use of herbal alternatives for endodontic treatment is
becoming more popular. Thus, although P sidoides root
extract appears promising, preclinical and clinical research
are definitively required before it can be used in standard
endodontic treatment.

Between the root canal treatment sessions, it is possible to
encounter an acute exacerbation of the periapical tissues,
which may occur due to these bacteria residing in the root
canal system (10). Therefore, the prescription of antibiotics
to either prevent endodontic exacerbations or control the
periapical infection is considered a reasonable approach,
as mentioned above (40). Besides having antibacterial ef-
fects, antibiotics possess anti-inflammatory and immuno-
modulatory effects. For example, the use of amoxicillin,
which is one of the most frequently prescribed antibiotics
in endodontics, increases the release of TNF-a and IL-1,
potent pro-inflammatory cytokines, from macrophages
(48). In the early stages of infection, TNF secretion occurs
with macrophage activation, and excessive systemic TNF
secretion may be fatal, while moderate secretion may be
beneficial in terms of prognosis (23). In a study, it was de-
termined that P. sidoides root extract induced the release
of TNF-a, IL-1B, IL-12, and NO from uninfected macro-
phages (49). Therefore, EPs® 7630 may be beneficial for

the prognosis of infection by inducing moderate TNF-a,
IL-1pB, IL-12, and NO secretion in uninfected cells, which
constitutes an important parameter in the evaluation of the
anti-inflammatory potential of the herbal medicine (50).
The secretion of pro-inflammatory cytokines (TNF-a, IL-
1B, and IL-12) may reduce the burden of infection in the
periapical region by playing a role in the early recruitment
of immune cells. Accordingly, for immunomodulatory reg-
ulation, EPs® 7630 may limit the pro-inflammatory cyto-
kines released from infected immune cells in the acute stage
of periapical inflammation while increasing pro-inflamma-
tory cytokines released from uninfected immune cells in
the early stage of infection (Fig. 2).

It has been proven that EPs® 7630 has a strong antimi-
crobial effect against Staphylococcus aureus, Streptococcus
pneumoniae, Beta-hemolytic Streptococcus, Escherichia
coli, Klebsiella pneumonia, Proteus mirabilis, Pseudomo-
nas aeruginosa, and H. influenzae, which are microorgan-
isms associated with the respiratory system (51). Numer-
ous clinical studies have provided evidence that EPs® 7630
therapy creates beneficial effects in patients suffering from
respiratory tract infections such as sinusitis, tonsillitis, and
bronchitis related to these microorganisms (18,36,51)
However, it is highly likely that P. sidoides root extract cre-
ates favorable results in the treatment of respiratory system
diseases, as it might stimulate the non-specific immune sys-
tem rather than its direct antimicrobial effect (23).

Polymorphonuclear neutrophils, which play an important
role in defense against pathogens, release soluble peptides
with broad-spectrum antimicrobial activity such as defen-
sins, human neutrophil peptides (HNP) 1-3, and the bacte-
ricidal /permeability-increasing protein (BPI). Surprisingly,
EPs® 7630 was found to increase the release of HNP 1-3
and BPI antimicrobial peptides by up to 150% and 127%,
respectively, depending on its concentration. This finding
indicates that the immune system can respond more rapidly
and effectively to pathogens under EPs® 7630 treatment
(52). With regard to this evidence in our review, herbal
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medicines containing natural phytochemicals such as EPs®
occurrence after endodontic treatment or between ap-

7630 may also be deemed an alternative medicine to anti-
biotics in the prevention and therapeutic management of
acute exacerbations of periapical infections (Table 1).
Some natural medicines, such as EPs® 7630, may exhibit
anti-infective activities that show promise as adjunctive
treatments in the presence of inflammation. Today, more
attention is drawn to the necessity of using alternative nat-
ural medicines due to resistance to and the side effects of
drugs. Some natural products with the ability to act as an-
ti-microbial and anti-inflammatory might precisely target
the pathogen as a response to specific stimuli. Therefore,
herbal liquid root extracts, EPs® 7630, may be a promis-
ing natural medicine to reduce the likelihood of flare
pointments for nonvital teeth. The administration of EPs®
7630 in endodontics as a preventative for unpredictable

Conclusion
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flare-ups may reduce the possibility of bacterial resistance
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prescription. Overall, this review strengthens the idea that
in vitro, in vivo, and clinical studies are needed to test our
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Authorship Contributions: Concept: M.K.

A.OS.

tically and therapeutically.

bl

M.K., UA.

Writing

’

’

—
b2 L% 2T B
s — W O =] (%)
> K] ] > g
=g 2 a.s ] o &
mnnamu.d g3 E=ERS
o e ad © .= 8%
EBSg= 28 &2
ess Eg E3 2
SE858 % - 2
HOHDM OO lﬂp
— © ;O sy w O
—oad "~ 2837 S 3
SEB AN g E g §A B
8 &g L5 2 A 3
) g = B a O
5 e H g £ = & g 9
. . N 58T e &8O S5
- B < = 5.5 0 .= >~
5] = ] PO & VI o«
g = g 8 9 £ o < g =]
s = swn 8 g R ) 5 g
=3 -4 Rm.brrm v 9
9 ) 5 v o 2 QA o= g, LB
8 S < 22 9 R
ae) KtMBaa.mf 2 N O
5 m T — B o NS 3
a MOthC:e.mk x M
s .9 s g2 2V 58 Y 5 g
22 ESHERREaNE
- . o
» BB s 288502 a8
d =] o W&SHPFD < T oo —
O 5 3 wZEET A28
. = i) o -
< § 5 CMelC,dZ R .
- = Kma a Z 58 =
o o c C.EJamP — O
o o O 5 9 ey g RO B
‘7 © = rbn.m gwarSAunLC
f 88 9FEFEESE88%
g § ¥ w OFadd&E5Z 3N s
- 2 & 9 . . .
S vn O @& S I o <+

45:168-73.
; 55;

’

diabetes: a two-way relationship. Diabetologia 2012

21-31. [CrossRef]
6. Tibarcio-Machado CS, Michelon C, Zanatta FB, et al. The
global prevalence of apical periodontitis: a systematic re-

mental periapical lesions. ] Endod 2019
5. Preshaw PM, Alba AL, Herrera D, et al. Periodontitis and

‘sijea1bulb seuowoiAydiod :sijeaibulb o ‘saplopis wniuobie|ad :s9plopis d ‘buiseasdul-Ayjigeswuad/|epdusloeg :|dg ‘eyd|e-ioioey
SISOID9U Inowin] :0-4N ‘Z-95euabAxoo[d£) :z-XOD ‘9 upnaialu| :9-7| ‘apueyddeskjododi ;547 ‘gz 4ad|py 1 izzyl ‘Z1 19djay 1 i/ LYl ‘uidloid pajeannde-usbon | :dyIN ‘OPIX0 JUUN :ON ‘S9SBYIUAS SPIXO DU 3|gIdNPUl :SON!

Penx
1001 3y} 0} pasedwod sijeAlbulb ¢ palabiey A|9A11d3)9s pue Aydeded
1uepixonue Jabuoiys Apuedyiubis pamoys suipiuefdoyjueosd

(€-1 dNH pue |dg) sapndad [eiqoidiwiiue Jo ases|al padueyus
uoldajul 3sod Jo swiy AjJes ue je | LdD pue o@D Sovew adepns
9y3 Jo suoissaidxs ayy pabueyd pue ‘v-4N 1 pue -7 ‘L-T] 48|N|
-|9de43X3 pue -eJjul Jo uoldNpold ‘ON JO 95es|al paie|npow 03 po)
1102 eIYdUd

-U2s3 pue si|edak) sN22020.193uT ‘snaine snddodojAydels ysutebe
KJIAIIDR AY1IOMBI0U PIMOYS SIPIOPIS d WOL) 85d ulesds [ebuny suo
'$91A00%N3| PaeAII-Sd] Ul UoIssaIdXD Z-XOD

pue g L-7] pue ‘SON! ‘g L-1 0 uoissaidxa pay20]q ‘s91£20% N3] Woly
9-7] pue sise|qoiqy wouj 73 uipue|beisosd pue g-7| Jo ases|as padnp
-UI-Sd7 PaseaJdap ‘s1se|qoiqy JO Yiesp padnpul-Sd1 ‘elyausydsy

0} pasedwod J1a3deqehaibby pue sndodojAydels passaiddns
's|[92 ZZYL pue £1Y1 sAndepe jo uonesauab sy

pue saupy014> A1ojewweul-oad Juspuadap-aseury 4y pPaanpu|
suonoe A1oje|npow-ounwwil 10) buipiroad ‘syNYw aumy

-03A> JO S21IS B pue SONI JO suoissaidxa auab ayy A|buoiys pamoys

s)nsai juersodwy

2Jn3Nd snieAljes
sn2>>0203dans pue sijealbulb g

poojq uewny ajoym paziutieday

sobeydoioew
POALISP-MOLIBW SUOQ PR1I3JUI

|elI93eW 001 SIP
-10pIS ‘d WOy p3e|os] 24N} ND [ebuny

S||9D Je3jpnuouo| poojg |esayduad
uewnH‘ad1wW jo sabeydouidey paau
-9Q-moulep auog ‘1se|jqoiqid |ealb
-ulD Jey ‘sise|qoiql4 [eAlbulD uewny
$91A20UO|\ UBWINH

S1192 £'¥97 MY Pa1dajul-eluewysa

spafgqns

SIPIOPIS d JO |e1IUI0d DAIIBUI-[IUR pUE [elId}degIIue Y} BUIIRIISUOWIP SIIPNIS PAIILISs Jo Alewwing

Auanoe jeusideqiue pue saijiadoud juepixonue
‘uo1}ISodwod 3Y3 JO SWIIY Ul 1DBIIXD I|OUYM YLUM }DRIIXS 1004
SapIopIs d woly suipiuekdoyueoid paje|osi 3y} a1edwod 0}

sjiydosinau wouy sspndad jeiqosd
-lW3Ue JO 3SEI|D1 DY} UO 10943 Ue SeY 0E9/ »SdT JI 93eNn|end 0}

0£9/ 547 J0 S1yauaq dnnadessyl ayp
Jo sa|dpund buikpspun ay3 ojul ybisul 1oyiny apiroid 0}

S9PIOPIS ‘d JO 1004 BY) WOy
paje|osi so1kydopus Jo AUAIDE [eIGOIDIWIIUR SY) 91EN|EAS O)

uoleWWeRUI PaleIPAW-S4] [e1d1deq

Ul 1DR11X3 J00Y SIPIOPIS d JO UoIdRIS UIplueAd0yjueold Jo
A3ADR £10jeWWERUIUR PUR [R1IS}DRGIIUR S} S1eN|eAD 0}
*S||92 dunwiwi poojq uewny

UO 0£9/ +5d3 4O S1943 A101e[NBAIOUNWIWI B} D1BN[RAS O}
1DRJIX3 J001 SIPIOPIS ¢ JO UOIS

-s21dxa auab sau0Ikd pue aseyjuhs apixo dLlIN dskjeue 0}

SaIpN3s Jo wie ay

(8L0T

‘(£1) "|e 32 udydIALS)
(oo

‘(<) uyop pue yooy)
(8o0T

‘(6v) 1e 32 31RYL)
(610T(92)

‘| 19 J9xeqooqy)
(6L0T

(62) ‘| 19 duosqgexdr)
(sLoz

(62) 1239 3M)
(9007 “(¥2) "o 32 uni1)

S9OUa.19j9Y

‘La|qeL


https://doi.org/10.3390/ijms22031480
https://doi.org/10.1155/2015/230251
https://doi.org/10.1177/154411130401500604
https://doi.org/10.1016/j.joen.2018.10.006
https://doi.org/10.1007/s00125-011-2342-y

Kuctk et al. The development of endodontic flare-up

165

10.

11.

12.

13.

14.

15.

view and meta-analysis. Int Endod ] 2021; 54: 712-35.
Shah AC, Leong KK, Lee MK, et al. Outcomes of hos-
pitalizations attributed to periapical abscess from 2000
to 2008: a longitudinal trend analysis. ] Endod 2013; 39:
1104-10. [CrossRef]

Siqueira JF Jr, Ro¢as IN, Ricucci D, et al. Causes and man-
agement of post-treatment apical periodontitis. Br Dent ]
2014; 216: 305-12. [CrossRef]

Walton R, Fouad A. Endodontic interappointment flare-
ups: a prospective study of incidence and related factors. J
Endod 1992; 18: 172-7. [CrossRef]

Siqueira JF Jr. Microbial causes of endodontic flare-ups. Int
Endod] 2003; 36: 453-63. [CrossRef]

Bassam S, El-Ahmar R, Salloum S, et al. Endodontic
postoperative flare-up: an update. Saudi Dent J 2021; 33:
386-94. [CrossRef]

Segura-Egea J], Gould K, Sen BH, et al. Antibiotics in end-
odontics: a review. Int Endod J 2017; 50: 1169-84.

Fouad AF, Khan AA. Etiology and pathogenesis of pulpitis
and apical periodontitis. In: @rstavik D, editor. Essential
Endodontology: Prevention and Treatment of Apical Peri-
odontitis. 3rd ed. New Jersey: John Wiley & Sons Ltd.;
2019. p. 59-90. [CrossRef]

Rodriguez-Nusez A, Cisneros-Cabello R, Velasco-Ortega
E, et al. Antibiotic use by members of the Spanish End-
odontic Society. ] Endod 2009; 35: 1198—203. [CrossRef]
Skucaité N, Peéiuliené V, Maneliené R, et al. Antibiotic
prescription for the treatment of endodontic pathology:
a survey among Lithuanian dentists. Medicina (Kaunas)

2010; 46: 806—13. [CrossRef]

16. Jungermann GB, Burns K, Nandakumar R, et al. Antibi-

17.

18.

19.

20.

21.

otic resistance in primary and persistent endodontic infec-
tions. ] Endod 2011; 37: 1337-44. [CrossRef]

Savickiene N, Jekabsone A, Raudone L, et al. Efficacy of
proanthocyanidins from pelargonium sidoides root extract
in reducing P. gingivalis viability while preserving oral com-
mensal S. salivarius. Materials (Basel) 2018; 11: 1499.
Gokee S, Dértkardesler BE, Yurtseven A, et al. Effective-
ness of Pelargonium sidoides in pediatric patients diag-
nosed with uncomplicated upper respiratory tract infec-
tion: a single-blind, randomized, placebo-controlled study.
Eur J Pediatr 2021; 180: 3019-28. [CrossRef]

Careddu D, Pettenazzo A. Pelargonium sidoides extract
EPs 7630: a review of its clinical efficacy and safety for
treating acute respiratory tract infections in children. Int J
Gen Med 2018; 11: 91-8. [CrossRef]

Cumaoglu A, Karatoprak GS, Yerer MB, et al. Anti-in-
flammatory effects of Pelargonium endlicherianum Fenzl.
extracts in Lipopolysaccharide-stimulated macrophages.
Turk ] Pharm Sci 2018; 15: 107—15. [CrossRef]

Mirton IJ, Kiss C. Overlapping protective and destructive
regulatory pathways in apical periodontitis. ] Endod 2014;
40: 155-63. [CrossRef]

22,

23.

24,

25.

26.

27.

28.

Fouad AF. IL-1 alpha and TNF-alpha expression in early
periapical lesions of normal and immunodeficient mice. ]
Dent Res 1997; 76: 1548—4. [CrossRef]

Kolodziej H. Antimicrobial, antiviral and immunomodu-
latory activity studies of Pelargonium sidoides (EPs® 7630)
in the context of health promotion. Pharmaceuticals (Ba-
sel) 2011; 4: 1295-314. [CrossRef]

Trun W, Kiderlen AF, Kolodziej H. Nitric oxide synthase
and cytokines gene expression analyses in Leishmania-
infected RAW 264.7 cells treated with an extract of Pel-
argonium sidoides (Eps 7630). Phytomedicine 2006; 13:
570-5. [CrossRef]

Witte K, Koch E, Volk HD, et al. The Pelargonium sidoi-
des extract EPs 7630 drives the innate immune defense by
activating selected MAP kinase pathways in human mono-
cytes. PLoS One 2015; 10: €0138075. [CrossRef)
Aboobaker Z, Viljoen A, Chen W, et al. Endophytic fungi
isolated from Pelargonium sidoides DC: antimicrobial in-
teraction and isolation of a bioactive compound. S Afr ]
Bot 2019; 122: 535—42. [CrossRef]

Schoetz K, Erdelmeier C, Germer S, et al. A detailed view
on the constituents of EPs 7630. Planta Med 2008; 74:
667-74. [CrossRef]

Aron PM, Kennedy JA. Flavan-3-ols: nature, occurrence
and biological activity. Mol Nutr Food Res 2008; 52: 79—
104. [CrossRef]

29. Jekabsone A, Sile I, Cochis A, et al Investigation of An-

30.

31.

32.

33.

34.

35.

36.

tibacterial and antiinflammatory activities of Proanthocy-
anidins from Pelargonium sidoides DC root extract. Nu-
trients 2019; 11: 2829, [CrossRef]

MacMicking J, Xie QW, Nathan C. Nitric oxide and mac-
rophage function. Annu Rev Immunol 1997; 15: 323-50.
Kirkwood KL, Cirelli JA, Rogers JE, et al. Novel host re-
sponse therapeutic approaches to treat periodontal diseas-
es. Periodontol 2000 2007; 43: 294—315. [CrossRef]

Alvares PR, de ArrudaJAA, Oliveira Silva LV, et al. Immu-
nohistochemical analysis of Cyclooxygenase-2 and tumor
necrosis factor alpha in periapical lesions. ] Endod 2018;
44: 1783—7. [CrossRef]

Petean IBE, Almeida-Junior LA, Arnez MFM, et al. Ce-
lecoxib treatment dampens LPS-induced periapical bone
resorption in a mouse model. Int Endod ] 2021; 54: 1289—
99. [CrossRef]

Majidinia M, Sadeghpour A, Yousefi B. The roles of sig-
naling pathways in bone repair and regeneration, ] Cell
Physiol 2018; 233: 2937—-48. [CrossRef]

Zhang W, Liu HT. MAPK signal pathways in the regu-
lation of cell proliferation in mammalian cells. Cell Res
2002; 12: 9—18. [CrossRef]

Kamin W, Funk P, Seifert G, et al. EPs 7630 is effective and
safe in children under 6 years with acute respiratory tract
infections: clinical studies revisited. Curr Med Res Opin

2018 34:475-85. [CrossRef]


https://doi.org/10.1111/iej.13467
https://doi.org/10.1016/j.joen.2013.04.042
https://doi.org/10.1038/sj.bdj.2014.200
https://doi.org/10.1016/S0099-2399(06)81413-5
https://doi.org/10.1046/j.1365-2591.2003.00671.x
https://doi.org/10.1016/j.sdentj.2021.05.005
https://doi.org/10.1111/iej.12741
https://doi.org/10.1002/9781119272014.ch3
https://doi.org/10.1016/j.joen.2009.05.031
https://doi.org/10.3390/medicina46120113
https://doi.org/10.1016/j.joen.2011.06.028
https://doi.org/10.3390/ma11091499
https://doi.org/10.1007/s00431-021-04211-y
https://doi.org/10.2147/IJGM.S154198
https://doi.org/10.4274/tjps.86580
https://doi.org/10.1016/j.joen.2013.10.036
https://doi.org/10.1177/00220345970760090601
https://doi.org/10.3390/ph4101295
https://doi.org/10.1016/j.phymed.2005.07.004
https://doi.org/10.1371/journal.pone.0138075
https://doi.org/10.1016/j.sajb.2019.01.011
https://doi.org/10.1055/s-2008-1074515
https://doi.org/10.1002/mnfr.200700137
https://doi.org/10.3390/nu11112829
https://doi.org/10.1146/annurev.immunol.15.1.323
https://doi.org/10.1111/j.1600-0757.2006.00166.x
https://doi.org/10.1016/j.joen.2018.09.002
https://doi.org/10.1111/iej.13472
https://doi.org/10.1002/jcp.26042
https://doi.org/10.1038/sj.cr.7290105
https://doi.org/10.1080/03007995.2017.1402754

166

Turk Endod J

37.

38.

39.

40.

41.

42.

43.

44.

Wang L, Yang F, Qiu Y, et al. The potential roles of T cells
in periapical lesions. ] Endod 2022; 48: 70—9. [CrossRef]
Shabgah AG, Navashenaq JG, Shabgah OG, et al. Inter-
leukin-22 in human inflammatory diseases and viral infec-
tions. Autoimmun Rev 2017; 16: 1209—18. [CrossRef]

de Oliveira KM, da Silva RA, De Rossi A, et al. Absence
of interleukin 22 affects the oral microbiota and the pro-
gression of induced periapical lesions in murine teeth. Int
Endod J 2015; 48: 46—59. [CrossRef]

Milani AS, Froughreyhani M, Taghiloo H, et al. The ef-
fect of antibiotic use on endodontic post-operative pain
and flare-up rate: a systematic review with meta-analysis.
Evid Based Dent 2022 Feb 11. doi: 10.1038/s41432-021-
0205-z. [Epub ahead of print]. Erratum in: Evid Based
Dent 2022; 23: 47. [CrossRef]

Alsomadi L, Al Habahbeh R. Role of prophylactic antibi-
otics in the management of postoperative endodontic pain.
J Contemp Dent Pract 2015; 16: 93943, [CrossRef]

Morse DR, Furst ML, Belott RM, et al. Prophylactic peni-
cillin versus penicillin taken at the first sign of swelling in
cases of asymptomatic pulpal-periapical lesions: a compar-
ative analysis. Oral Surg Oral Med Oral Pathol 1988; 65:
228—32. [CrossRef]

Kumari S, Mohanty S, Sharma P, et al. Is the routine prac-
tice of antibiotic prescription and microbial culture and an-
tibiotic sensitivity testing justified in primary maxillofacial
space infection patients? A prospective, randomized clini-
cal study. ] Craniomaxillofac Surg 2018; 46: 446-52.
Parekh AN, Balasubramanian K, Bhate P, et al. Antibiot-
ics usage, how well we know it? KAP survey among the

45,

46.

47.

48.

49.

50.

51.

52.

dentist population in Mumbai. Int J Basic Clin Pharmacol
2020; 9: 1713. [CrossRef]

Sweeney LC, Dave ], Chambers PA, et al. Antibiotic re-
sistance in general dental practice--a cause for concern? J
Antimicrob Chemother 2004; 53: 567—76. [CrossRef]
Gomes BP, Pinheiro ET, Gadé-Neto CR, et al. Microbio-
logical examination of infected dental root canals. Oral Mi-
crobiol Immunol 2004; 19: 71—6. [CrossRef]

Chen S, Lei H, Luo Y, et al. Micro-CT analysis of chronic
apical periodontitis induced by several specific pathogens.
Int Endod J 2019; 52: 1028—39. [CrossRef]

Kohanski MA, Tharakan A, Lane AP, et al. Bactericidal
antibiotics promote reactive oxygen species formation and
inflammation in human sinonasal epithelial cells. Int Fo-
rum Allergy Rhinol 2016; 6: 191—200. [CrossRef]

Thile C, Kiderlen A, Kolodziej H. Anti-infective mode
of action of EPs 7630 at the molecular level. Planta Med
2008; 74: 675-81. [CrossRef]

Papies ], Emanuel J, Heinemann N, et al. Antiviral and
immunomodulatory effects of Pelargonium sidoides DC.
Root extract EPs® 7630 in SARS-CoV-2-infected human
lung cells. Front Pharmacol 2021; 12: 757666. [CrossRef]
Peri¢ A, Gade$a D, Baral A, et al. Herbal drug EPs 7630
versus Amoxicillin in patients with uncomplicated acute
bacterial rhinosinusitis: a randomized, open-label study.
Ann Otol Rhinol Laryngol 2020; 129: 969—76. [CrossRef]
Koch E, Wohn C. Pelargonium sidoides root extract EPs®
7630 stimulates release of antimicrobial peptides from

neutrophil granulocytes in human whole blood. Planta
medica 2007; 73: P_072. [CrossRef]


https://doi.org/10.18203/2319-2003.ijbcp20204500
https://doi.org/10.1093/jac/dkh137
https://doi.org/10.1046/j.0902-0055.2003.00116.x
https://doi.org/10.1111/iej.13095
https://doi.org/10.1002/alr.21646
https://doi.org/10.1055/s-2008-1034324
https://doi.org/10.3389/fphar.2021.757666
https://doi.org/10.1177/0003489420918266
https://doi.org/10.1055/s-2007-986854
https://doi.org/10.1016/j.joen.2021.09.016
https://doi.org/10.1016/j.autrev.2017.10.004
https://doi.org/10.1111/iej.12274
https://doi.org/10.1038/s41432-021-0205-z
https://doi.org/10.5005/jp-journals-10024-1785
https://doi.org/10.1016/0030-4220(88)90171-5
https://doi.org/10.1016/j.jcms.2017.11.026

