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Medicinal plants native to North America and Europe and known in traditional herbal medicine
in North America and Europe for their efficacy in the treatment of Urinary tract infections
(UTIs) were reviewed for their pharmacological activities detected for extracts of each plant,
Mechanism for each pharmacological activity, active components responsible for each
pharmacological activity and animal and human clinical trial studies for extracts or commercial
products based on each medicinal plant. These plants were Cranberry (Vaccinium
macrocarpon), Common nettle (Urtica dioica), Uva ursi (Arctostaphylos uva-ursi), Junipers
(Juniperus spp.), Buchu (Agathosma betulina and A. crenulata), Goldenrod (Solidago
canadensis, S. virgaurea and S. gigantea), Rosemary (Rosmarinus officinalis), Dandelion
(Taraxacum officinale), Goldenseal (Hydrastis canadensis), Marshmallow root (Althaea
officinalis), Hosretail (Equisetum arvense), Oregon grape (Mahonia aquifolium), Couch grass
(Agropyrum repens) and Corn silk (Stigma maydis).

Keywords: UTIs, Western herbal medicine, Alternative therapy, Herbal anti-adhesives, Herbal

Anti-microbial.

Introduction

Urinary tract infections are one of the most frequent
bacterial infections that affect mature females in high percentage (50-
60%)." UTIs could be divided into uncomplicated and complicated.
The uncomplicated UTlIs affect persons who had no neurological or
anatomical abnormalities in the urinary tract and it is divided into
cystitis and Pyelonephritis.? The predisposing factors for cystitis are
gender, genetic susceptibility, infection of the vagina, previous UTI
infection, Sexual activeness, diabetes and overweight? The
complicated UTlIs originate from factors that weaken the immunity of
the individual such as kidney transplantation, renal failure, retention of
urine owing to neurological disorders, usage of urinary indwelling
catheter and immunosuppressive drugs.* Urinary indwelling catheters
are responsible for 70-80% of complicated UTIs in the United states,®
and accounts for one million cases yearly.® The causative agents of
UTlIs are Gram-negative bacteria, Gram-positive bacteria and yeast.
Escherichia coli is the most frequent bacterial pathogens of UTIs with
a percentage of 80%, while Enterobacteriaceae accounts for 90% of
bacterial pathogens of UTIs. In the case of uncomplicated UTls, the
most frequent bacterial pathogens are enteropathogenic E. coli
(EPEC), Kiebsiella pneumoniae, Staphylococcus saprophyticus,
Enterococcus faecalis, Streptococcus pyogenes, Proteus mirabilis,
Pseudomonas aeruginosa, Staphylococcus aureus and Candida spp.”
In complicated UTIs, the most frequent pathogens are Uropathogenic
E. coli (UPEC), Enterococcus spp., K. pneumoniae, Candida spp., S.
aureus, P. mirabilis, P. aeruginosa and S. pyogenes.® The increasing
incidence of bacterial drug-resistance, beside other problems related to
antibiotic therapy such as undesired effects of nephrotoxicity,
hepatotoxicity, ototoxicity, carcinogenicity, mutagenicity,
immunosuppressive action, allergic reactions and elimination of
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normal bacterial flora from the intestinal tract and body mucosal
surfaces® made antibiotic therapy much less effective in the treatment
of UTIs and necessitated the global research and industry interest to
develop a new therapeutic alternative to antibiotic therapy in the
treatment of bacterial infections.

Herbal medicine is the first line of alternative therapy towards
microbial infections, including UTIs, and the therapeutic potential of
medicinal plants in UTIs has been confirmed in thousands of In vitro
and In Vivo studies worldwide during the last few years.*** A
comprehensive glance on the advances in herbal products industry and
the available products right now are very important to provoke both
scientific research in this field and public acceptance for such
alternative therapeutic products at the level of health workers and
patients.

Phytoremedies for UTIs in Western countries

A total of fourteen medicinal plants known in western countries for
their therapeutic potential for UTIs cases were reviewed for their
evidence-based pharmacologic activities, active purified and
characterized compounds and latest studies on the efficacy of extracts
of these plants on experimental animal models and clinical trials on
human patients and volunteers.*? Table 1 lists the scientific name,
English name, parts used, pharmacological activities, regions where
the medicinal plant is used and references.

Biological activities of medicinal plants related to the treatment of
UTlIs

In order to achieve complete recovery from UTI with the use of herbal
remedies, various biological activities should be presented in each
formulation directed towards this goal. Such activities may work
synergistically to control infection and recover the healthy state of
affected tissues. Table 2 lists these biological activities with examples
of medicinal herbs active in the treatment of UTlIs:

Junipers [Cupressaceae]

The genus Juniperus is huge and includes as many as 67 species that
are native to the northern hemisphere. Many species of this genus such
as J. communis,®® J. thurifera,** J. procera,”® J. phoenicea®® and J.
excels.”” were screened for its antibacterial activity. Extracts of various
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species of this genus showed anti-bacterial and antifungal activity in
addition to other important biological activities such as anti-
inflammatory,'® anti-oxidantive' and analgesic activity.”® The anti-
microbial (anti-bacterial and anti-fungal) activity of essential oil of
berries of J. communis showed strong to moderate activity,??
whereas such activity of the essential oil of the leaves showed weak
or no activity.?

Uva ursi [Arctostaphylos uva-ursi]

This herb is native to North America and Europe. Leaves of this herb
were used traditionally as anti-septic for UTIs and known to be over-
the-counter (OTC) herbal remedy in United states and European
countries like the United kingdom and Germany.? The leaf extract of
this plant composed of a set of compounds but the antibacterial
activity is confined to Arbutin - an hydroguinone glycosides.?

After ingestion of Uva ursi leaves, Arbutin will be hydrolyzed to
hydroquinone. The hydroquinone is metabolized to glucoronate and
sulfate ester that are excreted in the urine and exerts the anti-septic and
astringent effects in the urinary tract.”’

Rosemary [Rosmarinus officinalis, Lamiacea]

Rosemary is native to temperate countries of Mediterranean like
Portugal. Various pharmacological activities were found in the
extracts of this plant, including anti-bacterial activity, anti-oxidant
activity, anti-inflammatory activity, analgesic activity and anti-
diabetic activity.®™*

Extracts of rosemary is characterized by high level of anti-oxidative
activity and an immuno-boosting properties making it very effective
in fighting bacterial infection like urinary tract infection.®* The
extracts of rosemary showed antibacterial activity against most
common bacterial pathogens of UTIs like E. coli, K. pneumoniae, P.
mirabilis, P. vulgaris, P. aeruginosa and S. aureus.*

Goldenrod [Solidago canadensis, Asteraceae]

It is a perennial herb that is native to North America, known to be
grown as ornamental in gardens.® This herb is active in the treatment
of UTIs and urolithiasis beside many other diseases such as skin
diseases, arthritis and rheumatism.**” Water and solvent extracts of S.
canadensis of aerial parts and rhizomes revealed high level of anti-
oxidative activity.*®® Ethanol extracts of S. canadensis showed potent
anti-bacterial activity against Gram-positive bacteria.*®

Common nettle [Urtica dioica, Urticaceae]

This plant is native to Europe and temperate regions of Asia and
western North Africa. This plant is characterized by the presence of
stinging hollow hair on surfaces of the leaves and stems that are able
to inject histamine into the human skin and results in contact
urticaria.®® Various pharmacological properties were reported for the
extracts of this plant including antibacterial activity,*** anti-
inflammatory, immuo-modulatory, diuretic activity that are very
helpful in the treatment of UTIs.* The extracts of common nettle
showed antibacterial  activity towards most common bacterial
pathogens of UTIs like E. coli , P. aeruginosa, K. pneumoniae and S.
aureus.***? The flavonoid patuline purified from the extracts of this
plant has active anti-bacterial activity against Gram-positive bacteria
such as S. aureus (MIC: 0.02 g/mL) and S. faecalis (MIC: 0.002
g/mL) and anti-fungal activity against C. albicans (MIC: 0.001
g/mL).*

Dandelion [Taraxacum spp., Asteraceae]

It is a perennial herb native to Eurasia and North America.*® Extracts
of the flowers, roots and leaves of this herb showed various
pharmacological activities like antibacterial, anti-inflammatory,
immuno-modulatory, anti-oxidative and analgesic activities, and are
effective in the treatment of UTIs.* Solvent extracts of the leaves of
T. officinale showed anti-bacterial activity against E. coli, K.
pneumonia and S. aureus.*” *® Diuretic activity of the leaves of this
plant is comparable to that of furosemide® and stronger than other
herbs like Juniper and Equisetum.®®5*
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Corn silk [Zea mays, Gramineae]

Native to North America, and spread worldwide.* Corn silk (CS) is a
golden thread that expands from the female flower of the corn.®
Native American Indians were the first to used CS for treatment UT]s,
heart diseases and malaria. It is known in traditional medicines
worldwide to be an effective herbal remedy for urinary problems like
cystitis, pyelonephritis, prostatitis, renal stones and bedwetting.>*®’
Corn silk has antibacterial activity against Gram-positive and Gram-
negative bacterial pathogens.® Other pharmacological activities of CS
includes kaliuretic and diuretic,®® anti-inflammatory®® and anti-
oxidative antioxidant®® activities.

Flovonoid glycosides of CS extracts are the most effective anti-
bacterial compounds. Two compounds of flavonoid glycosides were
purified and characterized and found to be active towards many of the
pathogenic Gram-negative bacteria like P. mirabilis, P. vulgaris, P.
aeruginosa, Salmonella typhi, S. paratyphi, Shigella flexneri, Sh.
Sonnei and Enterobacter aerogenes and Gram-positive pathogens like
Bacillus subtilis, B. cereus and S. aureus.®

Couch grass [Agropyrum repens]

It is a perennial herb native to many regions in the northern
hemisphere.®? The rhizome extracts is used traditionally in Europe as a
remedy for UTIs.®® Various pharmacological activities has been
reported for the extracts of this plant as anti-adhesive,® anti-
inflammatory,®® as glucocorticoid,*®®  anti-hyperlipidemic®” and
hypoglycemic.®

Animal model studies confirmed the diuretic activity of this plant®
and the positive effects of the extracts of this plant on urinary tract
infections such as cystitis, prostatitis, urethritis, prostatic adenoma and
irritable bladder.”

The mechanism of diuretic activity of couch depends on the sugar
“Mannitol” that is present in high concentration in couch extract.
Mannitol is absorbed completely in the intestine and excreted in high
concentration from the kidney tubules. This high concentration of
excreted Mannitol in the kidney provoke the kidney to excrete large
amounts of water to balance the osmotic pressure. Mannitol is called
osmotic diuretic owing to this mechanism. Both the anti-adhesive and
diuretic activity of couch work together to flush out bacteria from the
urinary tract.”> A commercial product of the rhizome extract of couch
(Acorus® drops) for the treatment of UTIs were studies and showed
that 69-91% of patients were relieved upon taking this remedy and the
percentage of total recovery from UTIs was 32-53%, which indicated
that this product is a promising alternative herbal therapy for UTIs.”™

Marshmallow root [Althaea officinalis L., Malvaceae]

It is a perennial herb native to Europe, USA and Asia. It is used in
traditional medicine of many countries as herbal a remedy for
gastrointestinal, urinary tract and skin infections.” The plant has many
pharmacological activities like immunostimulant and anti-
inflammator7)7/,7“'75 anti-comﬂplement,74 antimicrobial®  and
antibiofilm,”” and antioxidant.” activities. Extracts of the aerial parts
of A. officinalis exerted anti-bacterial activity against Streptococcus
agalactiae, S. aureus, K. pneumoniae and E. coli, but more potent
activity was shown against K. pneumoniae and E. coli.”

Horsetail (Equisetum arvense)

It is a perennial fern native to the Northern hemisphere especially the
artic and temperate regions.®® It is used traditionally in cases of
urination difficulty accompanied by severe pain during urination and
presence of blood in urine (dysuria).®® Horsetail has various
pharmacological activities such as anti-bacterial,®*® diuretic,®? and
anti-inflammatory® activities. Water and ethanol extracts of horsetail
have anti-bacterial activity towards bacterial pathogens of UTIs.%

A study on rat model for the treatment of experimental UTI by oral
administration of ethanol extract of horsetail revealed that group
treated with horsetail showed decrease in bladder contraction, drop in
adrenaline and noradrenaline levels and drop in level of adenosine
triphosphate. These changes were implicated for the effectiveness of
horsetail extract in the treatment of UTI.*
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Table 1: Medicinal plants active in the treatment of Urinary tract infection

Scientific name (English

Countries where it is

# Parts used Pharmacological activities References
name) used
Juniperus communis Berries, Areal Anti-fungal, Anti-bacterial, Anti- .

1 ) ) S Europe and America  13-24
(Junipers) parts inflammatory, Anti-oxidative
Arctostaphylos uva-ursi Anti-septic, Anti-inflammatory, Anti- .

2 . Leaves L Europe and America 26, 27
(Uva ursi) oxidative
Rosmarinus officinalis Leaves, Anti-fungal, Anti-bacterial, Anti-

3 ] o Europe 28-33
(Rosemary) flowers inflammatory, Anti-oxidative

. ) . Anti-bacterial, Anti-inflammatory,

Solidago canadensis Rhizome, o ] o ) )

4 Diuretic, Anti-Urolithiatic, Anti- North America 35-36
(Goldenrod) Avreal parts )

spasmodic

Urtica dioica Whole plant, Anti-bacterial, Anti-inflammatory, .

5 o Europe and America ~ 39-43
(Common nettle) Areal parts Immunomodulatory, diuretic

6 Taraxacum spp. roots, leaves, Anti-bacterial, Anti-oxidative , Anti- Europe and North 16.51
(Dandelion) flowers inflammatory, Immunomodulatory America
Zea mays (corn silk, . Anti-bacterial, Anti-oxidative , Kaliuresis .

7 . . Corn silk L America 54-61
Stigma maydis) and Diuresis Effect

8 Agropyrum repens (Couch  Rhizome, Anti-adhesive, Anti-inflammatory, Europe and North 63.72
grass) Whole plant diuretic America
Althaea officinalis Anti-bacterial, Anti-biofilm, Anti-

9 root ) ] USA and Europe 73-79
(Marshmallow root) inflammatory, Immunostimulant,
Equisetum arvense Anti-bacterial, Anti-oxidative , Anti- Europe and North

10 . root ) o . 81-84
(Hosretail) inflammatory, diuretic America
Hydrastis canadensis ] . o ]

11 Root, leaves Anti-bacterial , efflux pump inhibition North America 86-95
(Goldenseal)
Agathosma betulina and A. ] . . o Europe and North

12 leaves Anti-bacterial, Anti-urolithiatic . 97-100
crenulata (Buchu) America
Mahonia aquifolium Anti-bacterial, Anti-adhesive, Anti-

13 Stem bark o . USA 101-110
(Oregon grape) oxidative , Anti-inflammatory
Vaccinium macrocarpon . . . .

14 Fruit Anti-adhesive North America 112-118

(Cranberry)

Goldenseal [Hydrastis canadensis, Ranunculaceae]

It is native to North America.®® Various studies reported the anti-
bacterial activity of goldenseal In Vitro and In Vivo.2® The
antibacterial activity of goldenseal is based on the alkaloid compound,
berberine™ * that exerts anti-bacterial activity towards Gram-positive
pathogens like S. aureus.*” Many important compounds are present in
the root extract of horsetail including berberine, canadine and
hydrastine.** Another inhibitory compounds for both Gram-positive
and Gram-negative bacteria were found in the root/leaf extract of
goldenseal that exerts anti-bacterial activity against Campylobacter
jejuni and S. aureus.”

The efflux pump inhibitory activity of goldenseal is detected only in
aerial extracts of goldenseal.®® Studies of autography and thin layer
chromatography revealed that five bands were correspondent to the
efflux pump inhibitory activity. The LC-MS (Liquid chromatography—
mass spectrometry) study revealed a list of potential compounds of
these bands.** Efflux pumps works to pump out the antibiotic from
cytoplasm of bacteria and render the bacteria resistant to the antibiotic
through increasing Minimum inhibitory concentration (MIC) with
continuous pumping out antibiotic before Kkilling the bacteria.

Inhibition of Efflux pumps restores the sensitive status of bacterial
pathogen.”

The efflux pumps inhibition was detected in the leaf extract of
goldenseal and was potent in inhibiting different efflux pumps in C.
jejuni and S.aureus. Upon inhibition of efflux pumps by the leaf
extract, the MIC of S. aureus dropped 2 folds, whereas the MIC of C.
jejuni dropped 16 folds. It was found that the leaf extract of
goldenseal works to suppress expression of genes coding for efflux
pumps.**

Buchu [Agathosma betulina and A. crenulata, Rutaceae]

Buchu is native to South Africa and spread from there to Europe and
United states to become an important herbal remedy.”® The primary
use of buchu was for the treatment of urinary tract diseases such as
renal stones, infections of the urinary tract and incontinence related to
prostate.” The therapeutic potential of the leaf extract of buchu for
urinary tract diseases is based on two compounds present in the
essential oil, diosphenol and monoterpene. The essential oil is
absorbed totally in the intestine and excreted in the kidney and passes
through the urinary tract and exert anti-bacterial action on bacterial
pathognes.®’”
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Table 2: Biological activities of medicinal plants known in western herbal medicine in the treatment of UTIs

Category Prevent/Treat Examples

Anti-bacterial activity Treat

Uva ursi (Arctostaphylos uva-ursi), Rosemary (Rosmarinus officinalis), Uva

ursi (Arctostaphylos uva-ursi) Junipers (Juniperus spp.)

Uva ursi (Arctostaphylos uva-ursi), Goldenrod (Solidago canadensis),

Junipers (Juniperus spp.), Common nettle (Urtica dioica), Uva ursi

(Arctostaphylos uva-ursi), Dandelion (Taraxacum officinale)

Cranberry (Vaccinium macrocarpon), Couch grass (Agropyrum repens),

Oregon grape (Mahonia aquifolium), D- mannose.

Diuretic activity Both
Anti-adhesive activity Both
Anti-biofilm activity Both
Efflux pump inhibitory Both
activity

Spasmolytic activity Treat

crenulata)

Immune stimulant Both
Demulcent Treat
Anti-inflammatory Treat

Marshmallow root (Althaea officinalis)

Goldenseal (Hydrastis canadensis)
Hosretail (Equisetum arvense) , Buchu (Agathosma betulina and A.
Marshmallow root (Althaea officinalis),

Corn silk, Couch grass, Marshmallow root

Junipers (Juniperus spp.), Uva ursi (Arctostaphylos uva-ursi), Goldenrod

(Solidago canadensis

Various studies have reported the anti-bacterial activity of the
essential oil of buchu against a variety of bacterial pathogens such as
E. coli, K. pnueumoniae, P. aeruginosa, S. aureus and B. subtilis.*®*®°
The leaf extract of A. crenulata has spasmolytic action on the urinary
tract due to their ability to decrease the level of adenosine
monophosphate.®® The antispasmodic drugs work to relax the
contraction of smooth muscles of the urinary bladder, thus, expanding
the capacity of the bladder and decrease or even eradicate urinary
incontinence.'® Both the spasmolytic action and antibacterial activity
of A. crenulata contribute to the healing properties of buchu for
urinary tract diseases.'®

Oregon grape [Mahonia aquifolium, Berberidaceae]

M. aquifolium is native to United states of America, and known
worldwide to be an ornamental plant.’®® Various pharmacological
activities were reported for this plant as anti-bacterial, "% anti-
fungal,’®* anti-inflammatory, % antitumoral and
immunomodulatory’® activities. The anti-bacterial activity of M.
aquifolium is based on two alkaloids, berberine chloride and
oxyacanthine sulphate extracted from the stem bark. These alkaloids
exerted anti-bacterial and anti-fungal activity towards a variety of
bacterial and fungal microorganisms including the most important
bacterial pathognes of UTIs. ' 1%

Berberine is responsible for the yellow golden appearance of M.
aquifolium. Berberine has the ability to prevent the adherence of E.
coli to uro-epithelial cells via suppression of the expression of genes
responsible for the synthesis and assembly of fimbriae*® (Figure 1).

Cranberry [Vaccinium macrocarpon, Ericaceae]

It is an evergreen groundcover shrubs that extend up to 4 meters. It is
native to North America. Flowers of this plant is pink coloured with
reddish black berries. Cranberry is widespread throughout the cold
regions of the northern hemisphere.’*! Native American Indians were
the first population to used the fruit of this plant as a remedy for
UTIs.™? Cranberry fruit is composed of 88% of water, while the other
percentage is composed of Flovonoids, Catechins, Triterpenoids and
Anthocynidins with high concentration of Vitamic C (200 mg/kg).'*?
The anti-bacterial activity of Cranberry fruit is attributed to the
proanthocyanidins (PAC) and anthocyanidins.* **®

Many studies have reported the correlation of the administration of
Cranberry fruit and prevention of UTIs.***" Cranberry is an anti-
adhesive agent that prevents adhesion of bacteria to mucosal surfaces
of urinary tract and stop the cascade of colonization and invasion that
follow adhesion of bacteria to mucosal surfaces. This anti-adhesive
activity of extract of Cranberry fruit is attributed to proanthocyanidins
and fructose. The fructose is known to bind to type 1 fimbriae on
bladder mucosa blocking it from attachment to mannose-sensitive
uroplakin receptors on the epithelial cells. The proanthocyanidins is
known to bind to P fimbriae blocking it from attachment to Mannose-
insensitive GAL glycolipid receptors on renal epithelial cells (Pink
cells) ™8 (Figure 2).

Figure 1: (A) Heavy piliation and flagellation of the strain E.

coli C16 after cultivation on brain-heart infusion broth at 37°C
for 18 hours. (B) Depletion of piliation and splitting of flagella
owing to cultivation of E. coli C16 at 37°C for 18 hours in the

110

presence of 200 pug/mL of berberine chloride. (x 33200).
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Figure 2: Mechanism of anti-adhesive activity of Cranberry fruit extract. The fructose specifically binds to type 1 fimbriae on bladder
mucosa blocking it from attachment to mannose-sensitive uroplakin receptors on epithelial cells. The proanthocyanidins specifically

binds to P fimbriae blocking
cells)™.

Conclusions and Recommendations

Various pharmacologic activities were reported for each of the 14
medicinal plants reviewed in this article. All the reported activities
could act synergistically to control and prevent bacterial infection and
treat the harmful immunological reaction and physiological disorders.
The anti-bacterial, anti-biofilm and anti-adherence activities make the
plants a promising alternative anti-bacterial agents for the treatment of
non-drug responsive infections that pose the most serious health
challenge facing humans.®™* Preparation of commercial herbal
formulae based on the above mentioned 14 medicinal plants and other
selected plants is one of the most potent and successful phytoremedies
produced for the treatment of human diseases. Further studies on
animal model for UTIs and clinical studies on human UTIs cases are
required to confirm the therapeutic efficacy of such medicinal plants.
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