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Abstract Arnica montana, is a hemicryptophyte plant, belongs to the Asteraceae
family. It is a medicinally significant herb that is used in traditional medicine systems
in many countries. Flowers, roots, and rhizomes of Arnica are traditionally used for
the topical treatments of various ailments such as bruises, sprains, backache, rheu-
matic arthritis, and phlebitis. Sesquiterpene lactones, flavonoids, fatty acids, thymol
derivatives, and chlorogenic acid are the main bioactive phytochemicals. Extract and
compounds from A. montana exhibited several pharmacological activities: anti-
inflammatory, anticancer, antioxidant, antimicrobial, antiplatelets, and immunomod-
ulatory activities. Helenalin and dihydrohelinalin are mainly responsible for their
anti-inflammatory properties. The clinical trial using gel, cream, oil, ointment, and
homeopathic dilutions revealed significant effects in relieving postoperative pains,
surgical complications, swelling, edema, and ecchymosis. Different clinical tri-
als using randomized placebo-controlled, randomized double-blinded, and open
multicenter trials against different diseases reflect the medicinal importance of this
plant. The aim of this chapter is to insight knowledge about the traditional uses,
chemical compositions, pharmacological activities, and clinical trials of the
plant Arnica montana. In vitro in in vitro.

Keywords Arnica montana · Homeopathy · Sesquiterpene lactones · Anti-
inflammatory · Placebo-controlled

4.1 Introduction

The species Arnica montana, mostly distributed in Europe, belongs to the
Asteraceae family. It comprises two subspecies: one is Arnica montana ssp. mon-
tana distributed in Central Europe and Scandinavia, and the other is Arnica montana
ssp. atlantica distributed in southern France Portugal and Spain. It is commonly
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recognized as leopard’s bane, wolf’s bane, and mountain tobacco by local people.
Most frequently it is also identified as mountain snuff, mountain arnica, and sneezing
tree. It is a flowering perennial plant that extent up to 30–60 cm tall. It has an
aromatic fragrance. Arnica is derived from the Latin word “Ptarnica,” which means
“sneeze-making” (Maryna et al. 2019). It blooms in July and August with beautiful
yellow daisy-like flowers. The length of beam flowers teeth is no longer than 1 mm
or lies between 1 and 2 mm. Similarly, the dimension of the second flower differs
from 4.9 to 5.7 cm (Kriplani et al. 2017). It grows in damp, grassy highland
meadows in Europe, Northern Asia, and Siberia’s mountains and hills. It is a reliable
bioindicator for nutrient-deficient soils (Hollmann et al. 2020). The active constitu-
ents of this plant are mainly flavonoids (quercetin along with its derivatives like
quercetin-3-glyco galacturonic and quercetin-3-mono-glucosideo) (Ganzera et al.
2008), sesquiterpene lactones (arnicolide, 11α, 13-dihydro-helenaline and
helenaline) (Jürgens et al. 2022), alcohols (arnidiol, isoarnilenediol, arnilenediol),
tannins, essential oil, carotenoids, inulin, and fatty acids (Macêdo et al. 2004).
Among these, the main active compounds in A. montana flower heads are sesqui-
terpene lactones of the pseudo guaianolide group that is capable of the development
of anti-inflammatory drugs (Kriplani et al. 2017). Arnica has been utilized in the
homeopathic medicine of treatment for millennia. It is used to treat 66 different
pathological conditions; however, most favorably treats contusions, wounds, rheu-
matism, and inflammation (Kriplani et al. 2017). Regrettably, several European
countries have considered this species in endangered list including Bosnia and
Herzegovina, Sweden, Spain, Hungary, Croatia, Slovenia, Germany, Lithuania,
and Luxembourg. Most of the Europen countries has increased cultivation for its
protection, but harvesting is prohibited in Italy (Aiello et al. 2012; Kawakami et al.
2011; Stanik et al. 2020). A. montana thrives at elevations of 500–2500 m, less
fertile grasslands and peat bogs, as well as in soils with lower pH value. It is
herbaceous plant with bushy stems, dark green basal, and lower cauline leaves
(Kriplani et al. 2017; Aiello et al. 2012). A fruit is seed like cylindrical shaped
having shiny whitish color and a plumose pap-pus (Kriplani et al. 2017).
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Arnica montana is a medicinally significant herb which is exploited in homeop-
athy and pharmacy. For medicinal uses, various plant components such as rhizomes,
roots, inflorescences, and leaves are harvested. Terpenoids, sesquiterpenes, sesqui-
terpene lactones, essential oils, phenolic acids, and flavonoids, particularly
chlorogenic acids, are all abundant in Arnica (Ganzera et al. 2008). Various factors
such as habitat, temperature, altitude, different climate conditions, and maturity
period affect the chemical composition of this plant (Spitaler et al. 2008). The origin
and versatility of ethno-pharmacological categories on medicinal herb Arnica offers
an interesting field of drug discovery (Obón et al. 2012). Arnica leaves, flowers, and
roots have been used for therapeutic cures in human beings and veterinarian
phytotherapy. Raw materials of this plant are generally used in cosmetics, certain
European liquors, and natural flavoring agents (Kouzi and Nuzum 2007). Arnica’s
tolerance and efficacy also demonstrated that it is a significant treatment modality for
relief in pain, posttraumatic edema, and postoperative context, both in formulating
gel and homeopathic dilutions for oral administration (Iannitti et al. 2016).
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The purpose of this chapter is to sum up evidence of using Arnica as an
alternative approach for traditional use, chemical composition, ethnopharmacology,
and therapeutic drugs that promote future research and development on this valuable
medicinal herb. It will provide brief descriptions from clinical trials testing of Arnica
on relief in pain, surgery, implant placements, and seroma reduction along with a
discussion of possible mechanisms of action, safety, toxicity, and it’s adverse
effects.

4.2 Traditional Uses

Arnica montana is a perennial herbaceous, flowering plant, which has been used as a
conventional therapeutic agent for thousands of years. This plant has been used
predominantly to medicate various ailments such as backaches, sprains, superficial
inflammations, injuries, wounds, and veterinary treatments (Garcia-Oliveira et al.
2021). The whole part of this plant is used as a herbal medication in homeopathy for
treating 66 different pathological conditions (Kriplani et al. 2017). However, flower
and root extracts have been utilized most frequently in the treatment of various
health conditions. Extracts prepared from the root are applied externally on the
bruises, rheumatic pains, sprains, and phlebitis to reduce the inflammations and as
an immune system activator (Šutovská et al. 2014). Fresh as well as dried flower
extracts are extensively used in modified form of tinctures, ointments, creams, gels
as an immediate treatment of the sprains, bruises, contusions, and trauma pain in
homeopathy medicine (Pieroni and Giusti 2009; Pljevljakušić et al. 2014; Vidic et al.
2016). The topical use of Arnica for abrasion and sequelae resulting from accidental
injuries like hematoma, sprains, bruises, and dropsy owing to fractures, muscular
pain and joint difficulties, insect bite irritation, and phlebitis has also been recog-
nized by the German Commission E (Raza 2021).

A. montana constitutes a higher proportion of sesquiterpene lactones and is
traditionally famous for its anti-inflammatory effects in most European countries
(Lass et al. 2008). In British Columbia of Canada, veterinarians most commonly
make the traditional use of herbal ointments as a protective band for wounds. An
herbal ointment is prepared traditionally by mixing mashed flowers and leaves along
with bee glue (Lans et al. 2007). People in South Africa use the leaves extract as a
traditional healer to get relief from toothache and as a mouth cleanser (Ashu Agbor
and Naidoo 2015). In the USA, dried flower is frequently consumed spice and has a
traditional medicinal value as a diuretic, to induce sweating and as a stimulant
(Sharma et al. 2016). Ongoing through different research articles, it was found that
Arnica is typically considered safe in foods. This also validated from the Food and
Drug Administration. It has been utilized in beverages: alcoholic and nonalcoholic,
chilled desserts, confectionery, gelatins, and custards as a flavoring agent, in the
form of hair tonic as anti-dandruff, fragrance, and other cosmetics. If significant
doses of Arnica are consumed, the toxin helenalin present in it causes skin irritation
and acute gastroenteritis resulting from internal bleeding of the intestinal tract. As a



result, Arnica extracts or decoctions are not suggested for its oral consumptions,
while some expertise of homeopathy recommends highly reduced concentration.
This diluted solution helps to reduce mild fever and treats cold, bronchitis, epilepsy,
and sore throat (Denisow-Pietrzyk et al. 2019; Kawakami et al. 2011; Kouzi and
Nuzum 2007; Šutovská et al. 2014).
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4.3 Chemical Constituents

Arnica montana, an herbaceous perennial plant, mostly grows in the mountain
region of Europe (Zucker 2008). Different parts of A. montana possess bioactive
phytochemicals like flavonoids (FVs), caffeoyl quinic acid derivatives (CQAs),
polysterol, phenolic compounds, and sesquiterpene lactones (SQLs) (Oana Teodora
et al. 2016; Clauser et al. 2014). Due to these abundant bioactive phytochemicals,
A. montana has important medicinal values.

The short-chain esters: sesquiterpene lactones, helenalin, and dihydro-helenalin
are the main chemicals found in Arnica (Fig. 4.1). Helenalin comprises an
endocyclic, unsaturated ketone (cyclopentenone), which gives hetero-Michael addi-
tion with thiols and act as an NF-kB singling which serves as an anti-inflammatory
(Widen et al. 2017). Removing one of the two Michael acceptors of helenalin as
compared with parent natural compounds, such as cyclopenten (producing
2,3-dihydrohelenalin) or -methylene-butyrolactone (generating 11,13-
dihydrohelenalin; plenolin), dramatically reduces cytotoxicity (Lee et al. 1978).
Some important phenolic compounds extracted from flowers are chlorogenic acid,
3,5-dicaffeoylquinic acid and 1-methoxyoxaloyl 3,5-dicaffeoylquinic acid which
shows antioxidant activities (Clauser et al. 2014; Ganzera et al. 2008). Kimel et al.
analyzed some active compounds from the group of phenolic acids such as deriva-
tives of benzoic acid, p-hydroxybenzoic, protocatechuic, gallic, and vanillic;
cinnamic acid derivatives, ferulic and caffeic; and phenolic acids of an ester nature,
namely, caffeic acid esters of quinic acid (CQA), chlorogenic acid (5-O-CQA),
cynarin (1,3-O-CQA), and isochlorogenic.

Flavonoids show antioxidant and antimicrobial activities. Flavonoid compounds
belonging to the group of flavones are luteolin, luteolin 7-O-glucoside, apigenin, and
apigenin 7-O-glucoside. Similarly, the group of flavonols are kaempferol, astragalin
(kaempferol 3-Oglucoside), hyperoside (quercetin 3-O-galactoside), quercetin,
isoquercetin (quercetin-3-O-glucoside), and isorhamnetin.

Cumene, 2,6-diisopropylanisole, decanal, and 1,2,2,3-tetramethylcyclopent-3-
enol (Fig. 4.2) are major volatile compounds from the flower of the Arnica montana
(Sugier et al. 2019). The essential oil of A. montana L. Achenes also known for the
bioactive compounds consists of 20–23% monoterpene, (10%) sesquiterpene, and
7% aliphatic aldehyde as major constituents (Sugier et al. 2019). There are more than
40 chemical compounds including phenolic acid, organic acids, and fatty acids
found in the essential oil of the root of A. monata (Petrova et al. 2015). Some
major chemical constituents of the essential oil obtained from root and rhizome of



A. monata are 2,5-dimethoxy-p-cymene, thymol methyl ether,
p-methoxyheptanophenone, 2,6-diisopropylanisole, etc. (Pljevljakušić et al. 2012).
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Fig. 4.1 Chemical compositions of lactones, phenols, and flavonoids in Arnica montana

Fig. 4.2 Volatile chemical compounds of Arnica montana essential oil
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4.4 Pharmacological Activities

A. montana is a medicinally significant herb frequently used in pharmacy, homeop-
athy, and cosmetics. Different parts of plants are rich sources of chemical constitu-
ents and essential oils such as sesquiterpenes, terpenoids, sesquiterpene lactones,
flavonoids, phenolic acid, and most particularly chlorogenic acids (Sugier et al.
2013). The presence of these chemical constituents mediates various pharmacolog-
ical properties which includes anti-inflammatory, antioxidant, anti-cancerous, anti-
hemorrhage, anti-osteoarthrities, antiplatelet, and immunomodulatory activities
(Greinwald et al. 2022; Macêdo et al. 2004; Sugier et al. 2013).

4.4.1 Anti-inflammatory Activity

In 2008, an experiment was performed to evaluate the effect of phonophoresis along
with Arnica montana on the acute inflammation induced in rat muscle. A 90-day-old
Wistar male rat model was taken under study, and tibialis anterior muscle was
surgically lesions to induce inflammation. Treatment was carried out in four different
groups with 10 in each as a control group with no treatment, US group upon
treatment with Ultrasound, US+A group treated with both US and arnica gel
massage, and a group with only arnica gel. A 3-minute session treatment per day
was initiated 24 h of lesions in each group for 3 days. Quantitative analysis of the
isolated inflamed muscles showed a condensed mononuclear cells (macrophages)
and light weight polymorphonuclear cells (neutrophils) in all groups than the control
group. A histopathological study showed groups with the US acted as a
pro-inflammation rather than anti-inflammation which might be due to the stimula-
tory effect of the US. This study finally revealed arnica gel is alone effective in the
treatment of inflammations due to acute muscle lesions (Alfredo et al. 2009).

In 2009, phyto-medicine prepared from A. montana flowers was subjected to
learn the mechanism that inhibits transcription factor AP-1 and NF-kB. This factor
regulates the genes: MMP1 and MMP13. Bovine and human chondrocytes cells
were taken for the experiment. Four different Arnica formulations were applied on
MMP1 and MMP13 gene expression arisen from the induction of IL-1β by using
real-time qPCR. An electrophoretic mobility shift binding assay was performed to
study DNA binding activity of AP-1 and NF-kB. Both human and bovine
chondrocytes were treated with 20 ng/mL IL-1β for 4 h to stimulate MMP1 and
MMP13 gene expression. MMP1 and MMP13 expression levels in stimulated
chondrocytes showed 67 and 213 fold greater, respectively, than in untreated cells.
Treatment of different doses of arnica before the activation by IL-1β showed
significantly decreased levels of MMP1 and MMP13 mRNA. The effect of the
gene expression was dose-dependent. Among different formulations, central
European arnica extract at concentrations of 0.2 and 0.5 μL/mL showed the most
effective inhibitory effect. Similarly, AP-1 and NF-kB DNA binding activity was



inhibited by Arnica extract in dose-dependent manner. Among all, the European
Arnica tincture showed the highest inhibitory activity at 5 μL/mL. Helenalin
isobutyrate was taken as a positive control in both of the mechanisms. This study
concluded that the degradation of MMP1 andMMP13 is an attractive mechanism for
the treatment of inflammation due to osteoarthritis (Jäger et al. 2009). A similar type
of study was carried out to evaluate the anti-inflammatory activity due to LPS
stimulations in J774 murine macrophages. This study showed that arnica was
effective in the reduction of iNOS (P < 0.05) and COX-2 (P < 0.01) protein level
and inhibition in the production of IL-12(2.8 fold, P < 0.001) and inhibited nuclear
translocation of NF-kB which are the main pro-inflammatory (Verma et al. 2010).
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In 2020, another experiment was carried out to study the anti-inflammatory effect
of the A. montana in skin burn mice induced by UVB radiation. This study was
conducted on 25 male Swiss mice of 90 days old. Mice were enclosed in a
polypropylene box with the controlled conditions of light/dark cycle of alternating
12 h. The study was carried out with division of mice into five groups: control group
(no UVB + no treatment), vehicle group (no UVB + ointment without active
principle), third, fourth, and fifth group with UVB radiations along with ointment
without active, with active principle Arnica, and dexamethasone, respectively. UVB
radiation was exposed for 20 h. After 16 h of treatments, mouse ear was further
processed for the biochemical assays. Topical treatment of the arnica ointment
reduced edema in mouse and myeloperoxidase activity induced by UVB radiations
and inhibited marked inflammatory response of the NF-kB cytokine transcription
factor. This study shows Arnica ointment ( p< 0.001) as effective as positive control
dexamethasone ( p < 0.05) in treatment of the skin inflammation (da Silva Prade
et al. 2020).

4.4.2 Anticancer Activity

Sugier et al. in 2019 evaluated the anticancer activity from essential oil of
A. montana L. achenes. Human anaplastic astrocytoma MOGGCCM and glioblas-
toma multiforme T98G cell lines were chosen to study anticancer activity. The
essential oil at varying concentrations (0, 0.5, 1, 2 μL/mL) was applied to cell
lines. 0.5 μL/mL showed effective induction of cell death in MOGGCCM cell line
as compared to T98G cell line. IC50 values also reveal the same case: 1.6 and 1.8
value for MOGGCCM cell line and 2.1 and 2.0 for T98G cell line. This study
showed extreme proportion of 2, 5-dimethoxy-p-cymene in the essential oil which
played an important role of anticancer potential against MOGGCCM and T98G cell
line (Sugier et al. 2019).

Similarly, Sugier et al. in 2020 further reported the anticancer activity from
essential oil of A. montana. L. roots and rhizomes. This study followed a similar
procedure to the study conducted lately in 2019 (Sugier et al. 2019). Essential oil of
rhizomes and roots at Various concentrations (0, 0.5, 1, 2 μL/mL) were subjected to
MOGGCCM and T98G cell lines where 1 μL/mL showed efficient effect on



apoptosis of the cell line. At the same time, there is a low level effect of necrosis.
Induced apoptosis at a level of 28.5–32.3% was more effective which revealed that
chemical components such as 2,5-dimethoxy-p-cymene, 2,6-diisopropylanisole,
thymol methyl ether, and p-methoxyheptanophenone were responsible for antican-
cer activity (Sugier et al. 2020).
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4.4.3 Antioxidant Activity

In 2012, Craciunescu et al. evaluated the antioxidant activities of A. montana flower
from ethanolic extract. Antioxidant activity was examined by using Trolox equiva-
lent antioxidant capacity (TEAC), oxygen radical absorbance capacity (ORAC), and
DPPH free radical assays. Obtained IC50 value of DPPH was 0.63 ± 0.07 mg/mL;
TEAC and ORAC were 486.06 ± 20.63 μmol Trolox equivalents/g extract and
682.22 ± 17.32 μmol of Trolox equivalents/g extract. Arnica extracts were found to
be rich in flavonoids and polyphenolic compounds which mediated antioxidant
capacity (Craciunescu et al. 2012).

In 2016, Vidic et al. demonstrated the antioxidant capacity from essential oil of
A. montana flower heads. Antioxidant potential was determined by using ABTS,
DPPH, reducing power, and phosphomolybdenum assay while carvacrol,
caryophyllene oxide (natural antioxidant), and BHT (synthetic antioxidant) as a
standard reference. Its essential oil showed the highest value of DPPH
(IC50 = 4.79 mg/mL) than standard carvacrol (IC50 = 14.38 mg/mL). Also,
phosphomolybdenum assay showed better antioxidant potential 55.69 mg (AAE)/g
equivalent to the DPPH method. The study showed antioxidant property is associ-
ated with the presence of fatty acids and phenolic compounds and their derivatives
(Vidic et al. 2016).

4.4.4 Antimicrobial Activity

Recently, in 2021 Nieto-trujillo et al. demonstrated in vitro antibacterial potential of
the methanolic extract of A. montana seed. Kirby-Bauer method was used to test
against S. aureus (ATCC25923) and E. coli (ATCC25922) strains by using vanco-
mycin(1 μg/disk) and chloramphenicol (1 μg/disk) as a positive control, respectively.
The diluted fraction as negative control while sterile water was used as growth
control. All the fractions (1–8 μg/disk) of extracts showed remarkable growth
inhibition of the E. coli and S. aureus. 8 μg/disk for three different fractions
(4 AM, 5 AM, and 6 AM) showed maximum inhibition percentage (14.48%,
16.31%, and 17.57%, respectively) of E. coli. The highest percentage of inhibition
for S. aureus was revealed by 4 AM (16.8%) and 6 AM (20.48%) fractions. Three
different fractions consisting of potent SMs: gallic acid, quercetin, verbascoside,



parthenolide, and sesquiterpene lactone contents are directly correlated with its
antibacterial activity (Nieto-Trujillo et al. 2021).
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4.4.5 Antiplatelet Activities

In 2015, Rywaniak et al. evaluated in vitro antiplatelet properties of the polyphenolic
isolated from A. montana flowers. Healthy human blood was collected from the age
group 35.7 ± 10.3 years. Blood incubated with 1% CellFix was used as a positive
control and Flow cytometry was used to determine blood platelet viability. 7.5 and
15 mg/mL of arnica flower extract showed promising inhibitory action on
ADP-stimulated platelet aggregations in blood and PRP and VASP phosphorylation
without any toxic effect. This study showed that antiplatelet activity is due to the
interaction of the polyphenolic compound of Arnica with the platelet surface mem-
brane P2Y12 receptor (Rywaniak et al. 2015).

4.4.6 Immunomodulatory and Wound Healing

In 2016, Marzotto et al. examined an in vitro model for evaluating the effect of the
A. montana on its gene expression relating the wound healing mechanism.
Interleukin-4 (IL-4) polarized THP-1 macrophage cell line was used for the analysis.
Mother tincture of one centesimal dilution prepared in 30% ethanol and test was
carried by incubating 24 h with 2, 3, 9, and 15 centesimal and control, respectively.
The control solution used was a 100× diluted solution from the 1c standard Arnica
solution. 8 week-old, wild-type C57BL/6 J mice were chosen to isolate macrophages
from its bone marrow, and wound healing property was tested. The concentration of
fibronectin rises up significantly with different centesimal A. montana dilution
(13.9–39.6% with p value <0.05). This study revealed the healing mechanism of
the wound was a bit faster in presence of A. montana (99.3 ± 0.1%) than control
solvent (98.8 ± 0.7) in IL-4-induced cells. The recovery process was relatively
efficient (30%) over control solvent. Also, concluded release of fibronectin is
associated with the therapeutic role of wound repairing (Marzotto et al. 2016).

4.5 Clinical Studies

Clinical studies have been performed on A. montana aiming to act as a remedy for
acute and chronic health problems. A. montana has been the source of extensive
clinical trials, the researcher had made ample contrasting trial ointment showed
repair and regression of postoperative edema and ecchymosis.

https://dx.doi.org/10.1371/journal.pone.0166340
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The double-blind placebo-controlled study, with 4-arm parallel group phase
involved 570 patients. Arnica tincture spray (41.5 mg) was also tested in combina-
tion with hydroxyethyl salicylate (HES; 12.5 mg) as compared to Arnica (41.5 mg),
HES (12.5 mg), and placebo for treatment of ankle joint distortion related pain.
Combined application of Arnica and HES (4–5 times per day) in 50 patients showed
immediate recovery. This was assessed by visual analogue scale (VAS). In conclu-
sion, this research revealed that Arnica can work in conjunction with other drugs,
such as HES, to alleviate pain associated with sprained ankle joint deformity (Kučera
et al. 2011). In a 2-week double-blind randomized research, 16 healthy participants
were given a 595-nm pulsed-dye laser to create 7-mm standard bruises on their upper
inner arms, with contrasting results. When comparing VAS bruise ratings, 20%
Arnica gel reduced bruising when compared to placebo and a gel containing 1%
vitamin K and 0.3% retinol. But, there was no significant difference on comparing
5% vitamin K gel (Leu et al. 2010). Arnica cream administered immediately after
completing calf raises and 24–48 h later failed to improve leg pain, mobility, or
muscle tenderness when compared to placebo in a randomized double-blind trial
including 53 participants (Adkison et al. 2010). Arnica 6D tablet, Arnica ointment,
and placebo were used as research and control medications. Hand surgery (endo-
scopic carpal tunnel release) was diagnosed in 37 patients for 2 weeks as part of the
inclusion criteria. In addition, topical Arnica along with homeopathic dilutions
greatly minimized postoperative pain. The Arnica-treated group experienced a
significant reduction in pain in contrast to the placebo group (Jeffrey and Belcher
2002).

Using prospective double-blind, randomized placebo-controlled trial trials
conducted over a 20 month period with 55 patients, researchers found that the effect
of two homeopathic remedies on postmastectomy seroma production was reduced
when used in breast reconstructive surgery. Compared to 6.1–6.4 days, the drain
removal time was reduced by 2.4 days in this study (Lotan et al. 2020). Clinical
study on ecchymosis resulted after rhinoplastic surgery was carried out among
74 patients for 10 days. A randomized, placebo-controlled, and double-blinded
fashion was conducted to design the study. The extent and intensity of postoperative
ecchymosis in rhinoplasty surgery were reduced in this study (Chaiet and Marcus
2016). Similarly, the study on ecchymosis and edema found that local Arnica and
mucopolysaccharide polysulfate cream treatments reduced ecchymosis and edema
throughout the postoperative phase in 108 patients for 10 days. In open rhinoplastic
surgery, mucopolysaccharide polysulfate ointment showed repair and regression of
postoperative edema and ecchymosis (Simsek et al. 2016).

Thus, the prospective randomized double-blinded, randomized placebo method
and open multicenter trials were performed in different patients in a controlled
manner with homeopathy for effective outcomes.
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4.6 Studies Related to Safety and Toxicity

However, dosing is not standardized throughout the products, resulting in differ-
ences in concentration levels (Cameron and Chrubasik 2013). Doses and dilutions
were usually well-tolerated and employed with few patients experiencing adverse
effects in clinical trials of Arnica from mild to moderate (Daane 2001). Topical
creams should only be used on closed skin (Reddy et al. 2013). Although the use of
homeopathic remedies is on the rise, these treatments are frequently seen as safe and
risk-free by patients. The increasing and widespread use of alternative substances
found in A. montana and materials in the treatment of skin diseases has been
accompanied by heated debates between orthodox academic medicine, which is
often portrayed as aggressive, toxic, harmful, and alternative medicine, which is
represented as natural, bland, and free of side effects but is condemned as unscien-
tific and ineffective (Reider et al. 2001). In clinical trials burning, reddening, itching,
and urticaria were observed in the group receiving hydroxyethyl salicylate (Kučera
et al. 2011). Racing hurt occurring as a cardiovascular event observed in both
homeopathy and placebo groups (Cornu et al. 2010). Severe gastroenteritis (“Final
Report on the Safety Assessment of Arnica Montana Extract and Arnica Montana,”
2001), anxiety, rapid heart rate, muscle weakness, and mortality have been
documented after consuming A. montana containing drugs (“Final Report on the
Safety Assessment of Arnica Montana Extract and Arnica Montana,” 2001). Even
though homeopathy products and topical applications contain many toxic ingredi-
ents in Arnica, they are usually safe to use while breastfeeding but they should not be
used on broken skin, as it can cause allergic skin reactions and cross-reactions in
people who are allergic to these plants (Bethesda 2006).

The greater propensity of blood platelets to clump and induce cell damage owing
to cytotoxic effects may both result in enhanced medium transparency (monitored as
increased aggregation) in optical (turbidimetric) aggregation as a result of reduced
impedance (resistance) detected in impedance (electrical) analysis, as well as whole
blood aggregation, could be due to decreased platelet adherence and clumping on the
electrodes or antiplatelet cytotoxic effects (Rywaniak et al. 2015).

4.7 Conclusions and Future Recommendations

Arnica montana is an aromatic herbaceous plant. It is used as a traditional remedy for
various ailments, especially in European countries. It is used as an alternative
treatment for various pathological conditions such as pain, stiffness, sprain, bruises,
and rheumatoid arthritis. A. montana is rich in active biochemicals such as: sesqui-
terpene lactones, flavonoids, and fatty acids with therapeutic benefits possessing
potent pharmacological properties including anti-inflammatory, anticancer, antioxi-
dant, antimicrobial, antiplatelet, and anti-osteoarthritis drugs. Different clinical
investigations are frequently conducted on homeopathic treatment. These studies



have shown that gel, pills, cream, ointments, and spray have promising pain-
relieving effects. In an open multicenter trial, randomized double-blind, and
placebo-controlled studied, the efficacy of Arnica on pain and postoperative recov-
ery was assessed.
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The chemical constituents present in roots, rhizomes, and leaves were affected by
different ecology and climatic conditions. Sesquiterpene lactone is the main com-
pound showing anti-inflammatory property. A. montana is used for topical formu-
lation in the form of creams, ointments, and gels with 20–25% of this plant extract.
Homeopathic practitioners recommend oral administration of a diluted solution of
arnica extracts, but more studies are needed to confirm oral formulations of this plant
extract. Helenalin is a toxic chemical compound showing various side effects.
Therefore, researchers must focus on the toxicity level present in A. montana and
the methods for the isolation of toxic compounds. If toxic compounds are isolated, it
will be helpful for the preparation of oral herbal medication. A. montana, a medicinal
plant, could be a source of new pharmaceuticals. Different sections of plants have
medicinal effects but still, some portions of this plant are not investigated thor-
oughly. As the need for pharmaceuticals for various ailments grows, researchers
should continue to look for novel and effective drugs through procedures that
demonstrate a high level of medical value. Utilizing A. montana, which is found in
several parts of the country, should be commercially farmed to aid in the industri-
alization and employment of residents, improving the country’s economic status.
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