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River therapy
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The successive lockdowns of the coronavirus 2019 pan-
demic have substantially increased citizens will to escape
from the city and seek out nature for walking, cycling, swim-
ming and other health-enhancing activities. While the heatlh
benefits of bathing in natural rivers is empirically known
since ancient times, wild swimming is actually booming as
never before, partly in response to the lockdowns imposed
by the coronavirus 2019 (COVID-19) pandemic. In the
United Kingdom, the vogue for taking a cold plunge can be
traced back to 1587 when a Cambridge don suggested using
pigs’ bladders for water wings (Macintyre 2021). In France,
king Henry IV (1553-1610), also known as the Green Gal-
lant, enjoyed cold bathing in Paris, which marks the start
of wild swimming in the Seine river by a rising population
after 1600 (Duhau 2007). Humans benefit enormously from
the positive effects of clean rivers on human health. Good
quality river waters together with good biodiversity and a
riparian habitat structure all concur to create such a posi-
tive practice. There is quantitative evidence for the relax-
ing effect of the sounds made by rivers. Moreover, ripar-
ian vegetation can boost human immunity after inhalation
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of plant-emitted volatile organic compounds. River waters
carry plant metabolites that are known ingredients of tra-
ditional medicines which induce, among other beneficial
effects, antipsoriatic healing. Protecting river ecosystems
and improving water quality are therefore challenges worth
facing to improve psychological and physical wellness. Here,
we present scientific insights on river therapy, aimed at heal-
ing both psychological stress and physical disease.

Declining river health

Since early human history, rivers have been an essential
source of food and water, as well as a natural waterway for
transport. Rivers are a central feature of the planet ecology,
constituting a vital ecosystem for many species (Sadoff and
Grey 2002). Moreover, cultural and recreational uses of flu-
vial ecosystems such as walking, bathing, fishing and camp-
ing are now popular passtimes (Doi et al. 2013; Kistemann
et al. 2016). Such leisurely uses are only possible with good
aquatic health, which can be monitored by the abundance
and diversity of fish and other pollution-sensitive species
(Roviello and Roviello 2019). Indeed, there is a decline in
the recreational use of rivers when biodiversity and river
health decrease (Doi et al. 2013). Unfortunately, many river
ecosystems are actually highly degraded by urbanization,
industrialization and pollution (Heim et al. 2003; Tera-
saki et al. 2012; Wu et al. 2018). In urban areas, pollution
includes:

e eutrophication and faecal water contamination (Gecheva
and Yurukova 2013; Dsikowitzky et al. 2017),

e migration of pollutants from heating plants to river sedi-
ments (Samelak et al. 2019),

e water microplastic contamination (Wang et al. 2019),

e herbicide water contamination (Barek et al. 2009), and
river sediment pollution by polycyclic aromatic hydro-
carbons (Barra et al. 2008).
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Environmental pollution caused by algal and bacteria
blooms alters the recreational use of rivers by diminishing
water transparency and, in turn, conveying a negative visual
perception to inhabitants (Doi et al. 2013). Air pollution by
photochemical smog in the vicinity of highly polluted rivers
also degrades the health of human populations living along
the riverside (Juang et al. 2008; Feng et al. 2018).

River therapy

Populations who walk or live in natural forests or riparian
woodlands breathe beneficial volatile substances emitted
by plants. Such forest bathing induces positive effects on
the human immune system and has inspired the design of
green medical prescriptions (Roviello and Roviello 2021b,
2021a; Roviello et al. 2021; Robinson and Breed 2019).
Here, we present the benefits provided by pristine rivers
on human health from psychological and therapeutic per-
spectives (Fig. 1). Relaxing river sounds, biogenic volatile
organic compounds emitted by riparian vegetation and sec-
ondary plant metabolites found in river waters all concur to
improve human psychological and physical wellness. This
suggests the novel concept of river therapy, and highlights
the need for clean river preservation and pollution remedia-
tion in the case of highly contaminated rivers, especially in
densely populated urban areas.

Beneficial plant chemicals

We analyzed the literature for phytochemicals of biomedical
potential that are released into rivers from riparian vegeta-
tion or emitted from riverine plants as volatile compounds,
potentially inhalable by humans. Remarkably, many sec-
ondary plant metabolites, chemically heteroaromatic com-
pounds, especially flavonoids and their glycosilated forms,
occur in river waters (Fig. 2, up) at concentrations up to
about 5 pg/L (Nanusha et al. 2020). These metabolites are
produced in large amounts depending on the plant species,
climate and environmental conditions. They control essential
plant functions such as growth and reproduction, and they
establish ecological and biological relationships with other
living organisms (Nanusha et al. 2020). The most abundant
metabolites are apiin from Apiaceae and Urtica dioica,
hyperoside from Hypericum species, Fraxinus excelsior and
Galanthus nivalis, and guanosine from Digitalis purpurea.
Living near polluted rivers increases diseases, e.g. by
inhalation of anthropogenic volatile organic compounds
such as 1,2-dibromo-3-chloropropane, hexachlorobutadiene
and 1,2-dibromoetane (Juang et al. 2008). By contrast, well
preserved riparian ecosystems offer residents health benefits
by releasing beneficial plant-emitted compounds which are
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Fig. 1 Forest bathing refers to walking in forests to benefit from natu-
rally healing cures such as breathing immunity-enhancing substances
emitted by plants, e.g. limonene. River therapy refers to walking near
or swimming in a river to benefit from naturally healing cures such as
water-soluble plant metabolites, e.g. apiin, and relaxing river sound.
Photo: copyright Eric Lichtfouse 2021, Ardéche river

inhaled. For instance, limonene, 3-carene and f-myrcene
were identified in the air near riparian shrubs (Khalaj et al.
2021).

Healing psoriasis with plant metabolites

Psoriasis is a chronically recurrent autoimmune inflam-
matory skin disease in which keratinocyte hyperplasia is
accompanied by inflammatory cell infiltration into the der-
mis and neovascularization, and affects more than 2% of
the global population (Wei et al. 2016). The main psoriasis
proteins studied, NF-xB, IL-17, and IL-3 can be targeted
by several plant-derived products including diterpenoids,
triterpenoids and hydroxycinnamic acids (Lo et al. 2019).
Interestingly, we found that some secondary plant metabo-
lites such as isofraxidin which has been detected in river
waters (Fig. 2), are also ingredients of an effective antipso-
riatic herbal drug that inhibits keratinocyte proliferation by
downregulating cyclin B2 (Wei et al. 2016).



Water soluble Plant Metabolites in Rivers

~N

o
HO o o
~o F
OH O
Isofraxidin

Nicotiflorin

O 40
HO
HOW “oH
OH

NH,
H

NN N HO

X

OH O
Adenine Quercetin
HO. o -\‘\\O
o0 o
Cynaroside Alpinetin

o
HN | N\>
X
HNT N N
~o0
HO
OH HO
Hyperoside Guanosine

OH © WOH
07 N\
Ho. . .
OH N "OH
OH OH
Trifolin Kaempferitrin
Plant Volatile Organic Compounds from Riparian vegetation
A\
/@< W x v
Limonene 3-carene p—myrcene B—guaiene pB—ocimene

Fig.2 Top: plant metabolites detected in river waters. In particular,
hyperoside, guanosine and apiin are among the most abundant (upper
box). Bottom: main biogenic volatile organic compounds emitted

by riparian vegetation. The most abundant limonene, 3-carene and
B-myrcene are shown in the lower box



Many antipsoriatic treatments are applied locally on the
skin surface as lotions, creams, shampoos and ointments
(Torsekar and Gautam 2017). Therefore, we hypothesize
that prolonged and repeated body exposure to second-
ary plant metabolites in river waters could treat psoriasis
and may even limit the secondary effects of the classical
administration (Zhang et al. 2019). The potential benefit of
apiin as antipsoriatic is supported by the fact that apigenin,
the product of acid hydrolysis of apiin, alleviates psoriasis
by improving skin functions (Park et al. 2020). Similarly,
quercetin, the hydrolysis product of hyperoside, exerts
in vitro and in vivo anti-inflammatory effects, indicating that
both flavonoids are promising antipsoriatic agents (Bonesi
et al. 2018).

Cold river waters could relieve the pruritus in chronic
plaque psoriasis. Indeed, under clinical conditions, low tem-
perature water is effective in relieving the pruritus, while
conventional anti-pruritic therapies have only limited effects
(Stinco 2014). Moreover, river waters are used in India to
treat chronic psoriasis. Here, a study using Ganga river
waters reveals sustained benefits after four weeks of treat-
ment, thus suggesting a therapeutic use of the river waters
(Jhunjhunwala and Waghralkar 2021).

Immunotherapy by inhaling volatile organic
compounds from riparian vegetation

Riparian shrubs emit various volatile compounds: mono-
cyclic terpenes such as limonene and a-phellandrene, bicy-
clic terpenes including, 3-carene, camphene, a-pinene,
p-guaiene, caryophyllene and sabinene, and acyclic terpe-
nes such as f-myrcene and f-ocimene (Khalaj et al. 2021).
Limonene accounts for more than 45% of the total amount
of these biogenic volatile organic compounds, followed by
3-carene, about 24%, and f-myrcene, about 18%. We sug-
gest that these compounds from riparian vegetation have
health benefits similar to forest bathing (Mao et al. 2012).
Forest bathing consists of visiting green areas and walking
under the tree canopy to experience health benefits, mainly
on the body’s immune system (Li 2009). Forest bathing
induces positive effects that last several days after the trip
and increases natural killers activity, which leads to effects
on virus-infected cells. Furthermore, several volatile ter-
pene compounds emitted by trees induce anti-inflammatory
responses, thus reducing respiratory system inflammation.
This may be of particular interest for the coronavirus 2019
pandemic (COVID-19)(Dai et al. 2021; Ufnalska and Licht-
fouse 2021; He et al. 2021; Khan et al. 2021) caused by
SARS-CoV-2, as discussed in the literature (Roviello et al.
2021; Roviello and Roviello 2021a,b). Concerning riverside
forest bathing, the main volatile organic compound emitted

from riparian vegetation, i.e. limonene, is endowed with
immunomodulatory properties (Jin et al. 2008).

3-Carene is known for its antimicrobial properties, show-
ing particularly strong antibacterial effects on both Gram-
positive Brochothrix thermosphacta and Gram-negative
Pseudomonas fluorescens bacteria. Indeed, 3-carene causes
bacterial membrane damage, DNA disruption and metabolic
perturbations, thus interfering in bacterial cellular func-
tions (Shu et al. 2019). #-Myrcene, the third most abundant
volatile organic compound from riparian vegetation is an
antiparasitic drug. f-Myrcene was tested in vitro against
germinal cells, protoscoleces and murine cysts of Echino-
coccus granulosus, and in vivo as chemoprophylactic agent
in a murine model of cystic echinococcosis. Results showed
that B-myrcene displays antiparasitic activities, similarly to
albendazole, the standard drug for human echinococcosis
(Fabbri et al. 2018).

River sound therapy

Relaxation techniques give relief from negative conditions
including pain, stress, and anxiety. We searched the literature
for the possible use of river sound in psychological ther-
apy. We found that river sounds are used as a background
in relaxation training systems based upon virtual reality
neurofeedback, developed to help people relax faster and
deeper (Gu and Frasson 2017). This relaxation training sys-
tem induces a decrease of the anxiety and depression score,
a decrease in the time interval to relaxation and increases
the maximum meditation score. We also found that river
sound accompanied by relaxation exercises diminished preg-
nancy-related anxiety in pregnant women with a history of
perinatal loss (Duman et al. 2020). Watching a river also
relieves psychological stress. For instance, during the resto-
ration phase at work in open-space offices, workers who saw
a video footage of a river including sound, rated themselves
as having more energy that officers who listened to office
noise (Jahncke et al. 2011).
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