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ABSTRACT:

Natural plant products have been widely used as an alternative approach to treat microbial
infections to overcome issues of antibiotics-associated side effects and the emergence of
resistant pathogens. One of the most popular infections causing significant morbidity and
death toll is urinary tract infection. This study is designed to evaluate the antimicrobial and
antibiofilm potential of four commercial herbal products against five uropathogenic clinical
isolates. In vitro, well diffusion assay and crystal violet staining techniques were used to
evaluate the antimicrobial and antibiofilm effects respectively. Antimicrobial effect was
reported for Renalka™ against Enterococcus faecium, ROWALtinex® against Staphylococcus
aureus and E. faecium and UROCLEAR against Candida albicans. A significant antibiofilm
effect, semi-quantified by stained biomass, was reported for all of the products included in
the study against the tested pathogens but to a varying degree. Medicinal herbal products can
exert a substantial prophylactic antibiofilm effect in addition to their beneficial health effects
in treating urological pathologies.

Keywords: Antibiofilm; Crystal violet; Herbal products; Well-diffusion assay;
Uropathogens.
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INTRODUCTION:

l 'sing herbal products in pharmacy ancestors centuries ago. By definition,
and medicine has been expanded herbal medicines are those parts of plants
extensively over the last few that are intended for use for their aroma,

decades, though their therapeutic virtues flavour, and most relatively for their

were practically concerned by our therapeutic characteristics (1). A report
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from the organization of world health
(WHO) has depicted the effective
contribution of medicinal plants to primary
health care (2). These herbal products have
been shown effective in alleviating
different health disorders ranging from
simple flu-like symptoms to sever, life-
threatening illnesses such as malignancies
(1). Among these major ailments are
urinary tract disorders such as renal spasm,
urolithiasis, renal stones, and urinary tract
infection (UTI). UTI is one of the most
common infections with gender and age
variation (3). Almost 50% of females
reported one incidence of UTI with or
without recurrent occurrence with a rate
globally estimated to be of minimum 250
million (4). Bacterial adherence to the
uroepithelial cells and subsequent biofilm
formation is considered a key virulence of
this infection (5). Many different microbes
can cause UTIs with around 75%
attributed to Escherichia coli while
Pseudomonas and Enterococcus spp. are
predominant in complicated UTIs. Strains
of Staphylococcus aureus and Candida
albicans are also isolated from patients
with UTIs (6). Because of antibiotics-
associated side effects and the emergence
of problematic multi-drug resistant strains,
a shift towards alternative remedies has
brought the old plant-based medication
into the contemporary scene. Many
pharmaceutical polyherbal preparations
have been formulated for urinary tract
disorders (7,8). Their therapeutic efficacy
has been attributed to the phytochemical
constituents of these herbal products (9).

In this context and since microbial
adherence is the pioneering step in the
uropathogenesis of UTIs, a hypothesis that
herbal-based formulation might adopt a
role in the interference with microbial
biofilm development in vitro has been
made. Thereby, the antimicrobial and
antibiofilm potential of some commercial
herbal products, formerly intended for
renal disorders, against uropathogenic
isolates were studied in vitro.
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MATERIALS AND METHODS

The herbal products used in this study
were purchased from the local community
pharmacies in Mosul/lraq. The selection
was made depending on their therapeutic
indications for urinary tract disorders as
per the product’s label recommendation.
No product had surpassed the expiry date
on the package. All of the products were
intended for the oral port of use. Products
were stored at 4 °C until use. Products
were randomly numbered from one to four
as follows: 1. Renalka™, 2
ROWALinex®, 3: Cystone®, 4:
UROCLEAR.

Microbial isolates

The five microbial species used in this
study were obtained from culture stocks
from the Microbiology Laboratory of the
College of Pharmacy/Mosul University.
These clinical isolates were previously
isolated from urine samples of patients
complaining of urinary tract infections.
The isolates were two Gram negative; P.
aeruginosa and E. coli, two Gram positive;
E. faecium and S. aureus and one yeast; C.
albicans. The pure isolates were cultured
on the appropriate agar medium and kept
at 4 °C until use (a maximum of 2 weeks).

Antimicrobial potential of the herbal
products

The antimicrobial activity of the four
commercial herbal products was assessed
by employing in vitro well diffusion assay
(10). Briefly, nutrient agar (Sigma-
Aldrich) and Sabouraud’s dextrose agar
(Sigma-Aldrich) plates were prepared.
Bacterial overnight nutrient broth cultures
of S. aureus, E coli, P. aeruginosa, and E.
faecium were centrifuged and the bacterial
pellets were obtained. The individual
pellet of each bacterial isolate was then
resuspended in phosphate buffer saline
(PBS) and the concentration was adjusted
to a final absorbance (600 nm) of 0.08-0.1
equivalent to 1 x 108 colony forming unit
(CFU)/mL. Overnight culture of C.
albicans in Sabouraud’s broth (Sigma-
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Aldrich) was treated similarly and the
absorbance (600 nm) was adjusted to 0.1
corresponding to around 1 x 10’ CFU/mL.
Triplicate of nutrient and Sabouraud’s
plates were lawn cultured with the
corresponding microbial suspension. The
concentrations used to assess the
antimicrobial effect were the daily dose
recommended by the products’
manufacturers. Regarding solid products,
the daily doses were measured and
dissolved in PBS. Five wells were made
on the surface of the lawned plates and
200 pL of the herbal products were
pipetted into the corresponding wells.
Gentamicin (10 mg/mL) and vancomycin
(8 mg/mL) were used as the positive
control for the Gram-negative and the
Gram-positive  bacteria  respectively.
Fluconazole (10 mg/mL) was employed as
the positive control for C. albicans. Plates
were then incubated at 37 °C for 24 h
under aerobic conditions. After the 24 h
incubation, plates were monitored for the
no-growth zone around the induced wells.

Antibiofilm activity of the herbal products

To assess the latent antibiofilm activity of
the selected herbal products, the crystal
violet staining assay was adopted (11).
Briefly, a standardized microbial culture of
the test microorganisms was prepared
equivalent to a final concentration of 1 x
108 CFU/mL as explained above. An
inoculum volume of 100 pL was pipetted
into the respective wells of sterile
polystyrene flat bottomed 96-well plate in
triplicates and followed by the addition of
100 pL of the prepared herbal products.
For each test, appropriate growth control
was included. The plate was then
incubated under an aerobic atmosphere at
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37 °C for 24 h. At the end of the
incubation period, wells’ contents were
gently pipetted out followed by washing
the wells with distilled water three times to
eradicate slackly or unattached cells. The
wells were then air-dried and fixed with
96% methanol for 10 min. Following
emptying the wells, the adherent cells were
stained by pipetting a volume of 200 pL of
0.1 % crystal violet solution for 15 min.
Stained wells were then emptied and
rinsed with tap water to decant surplus
stain. The inoculated wells were then air-
dried and the stained biomass cells were
resolubilized by pipetting 200 pL of 30%
acetic acid into the individual well. Using
a spectrophotometer (Cole-Parmer), the
absorbance of the plate was read at 600
nm. The percentage of biofilm formation
inhibition was calculated conferring to the
following equation (12):

% inhibition= [(absorbance growth control —
absorbance sample) / absorbance growth control]
x 100

; where absorbance is the mean reading of
three repeats.

RESULTS

Four products were purchased and labelled
numerically from 1 to 4; 1: Renalka™, 2:
ROWALinex®, 3: Cystone®, 4:
UROCLEAR. Their herbal constituents are
listed in table 1. Of the four products
included, one was in liquid form as a syrup
(Renalka™), one as gelatine capsule
(ROWALtinex®) while the two others were
dry power in tablet and sachet from
(Cystone® and UROCLEAR,
respectively).

Table 1. Description of the active constituents of each herbal product included in the study

Product name and Dosage

label number
form

Composition

Concentration | Indications as
/dose per the
product’s
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leaflet
1. Himalaya Syrup Cretaeva magna | 50 mg Assist in
Renalka™ Hemid 50 dissolution and
. zr_nl esmus mg expulsion of
ndicus 50 mg stones in the
Cyperus rotundus renal system
yp 50 mg
Vetiveria Treatment  of
zizanioides 50 mg urinary tract
16.5 m spasm and
Asparagus J inflammation
racemosus associated with
Elettaria 75 mg urolithiasis.
cardamomum 50 mg
Kshara parpati 16.5 mg
Tribulus terrestres
Trikatu
2. ROWALinex® Capsule | a-Pinene 24.8 mg Renal disorders,
Pi 6.2 urolithiasis and
B-Pinene -~ Mg urinary tract
Camphene 15 mg infections
Borneol 10 mg
Anethol 4 mg
Cineol 3mg
Fenchone 4 mg
Olive Oil ad 100 mg
3. Cystone® Tablet | Extracts Urolithiasis:
. phosphate stone,
Didymocarpus 65 mg oxalate  stone,
pedicellate uric acid and
) o urate stone,
Rubia cordifolia | 16 mg prevention  of
Cyperus scariosus | 16 mg post-operative
recurrence  of
Achyranthes 16 mg calculi,
Onosma 16 lycolic ag?ds
bracteatum mg gy '
49 mg Adjuvant in:

Vernonia cinerea

urinary tract
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Saxifraga ligulata | 16 mg infections,
burning

Powder micturition,

Hajrul yahood 13 mg urinary  tract
infections

bhasma during

Shilajeet pregnancy,

(purified) cystitis.
Sialolithiasis.
Urinary
incontinence in
women.

4. UROCLEAR Sachet Cranberry extract | 90 ng Support  kidney
(powder) . . function,
Potassium citrate | 30 mg prevent urinary
D-mannose 1000 mg tract infection,

Well diffusion assay

The in vitro antimicrobial potential of the
herbal products was measured in this study
with the agar well diffusion assay. Figure
1 and Table 2 illustrate the reported
antimicrobial effect. Inhibition of the
staphylococcal growth was monitored in
response  to  the inoculation  of
ROWALinex® with a zone of inhibition
comparable to that caused by the positive
control (30 £ 3.0 and 324 £ 2.2 mm,
respectively). The same product was
shown able to effectively inhibit the
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growth of E. faecium with an inhibition
zone of 253 £ 1.1 mm. The latter
pathogen responded sensitively to the
growth inhibitory effect of Renalka™
showing a zone of inhibition of 35 + 1.0
mm. Though not significant, UROCLEAR
demonstrated the ability to hinder the
growing of the infective yeast C. albicans
(14.5 + 2.0 mm). Cystone® did not succeed
in suppressing the growth of any of the test
microbes. The Gram negative rods were
found resistant to the four tested herbal
products.
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Figure 1. In vitro antimicrobial activity of the herbal products assessed by using well
diffusion assay. 1: Renalka™ , 2: ROWALtinex®, 3: Cystone®, 4. UROCLEAR, 5: positive

control.

Table 2. Zone of inhibition diameters (mm) of the daily dose concentration of the herbal

products tested (expressed as mean + standard deviation)

Herbal Product

Test Microorganism | Renalka™ | ROWALtinex® | Cystone® | UROCLEAR | Positive
control

C. albicans 00 0+0 0+0 145+20 25+15

S. aureus 0+0 30+3.0 0+0 0+0 324+22

E. coli 00 0+0 0+0 0+0 241+20

P. aeruginosa 00 0+0 0+0 0+0 42+35

E. faecium 35+1.0 253+11 0+0 0+0 25+1.0
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Inhibition of biofilm formation

The ability of the herbal products to in
vitro inhibit ~ pathogenic biofilm
establishment was appraised using the
microtiter plate with crystal violet staining
for semiquantitative assessment. Crystal
violet-stained wells are represented in
figure 2 and a statistical comparison of the
semi-quantified  biofilm  biomass is
illustrated in figure 3. Table 3 depicts the
percentage of inhibition of the treated
biofilm to the untreated control. S. aureus,
P. aeruginosa and C. albicans biofilms
were the densest when compared to
biofilms formed by E. coli and E. faecium
(Figures 2 and 3). However, the biomasses
of the dense biofilms of the former
pathogens significantly declined when co-
cultured with the four herbal products
tested. Renalka™ was most effective (p <
0.001) in suppressing P. aeruginosa
biofilm formation (% inhibition = 97.8 %)
while Cystone® was the least effective (%
inhibition = 74.0%), though still

Vol.19, No.2, 2022

significant (p < 0.05). S. aureus biofilm
formation was kerbed the most (%
inhibition = 90.6%) when cultured with
UROCLEAR (p < 0.001) and suppressed
the least (% inhibition = 57.8%) in
response to ROWALinex® (p < 0.05).
Semi-quantitative  assessment of C.
albicans biofilm biomass demonstrated the
most significant (p < 0.005) growth
restriction (% inhibition = 94.4%) when
the yeast was mixed with Renalka™ (%
inhibition = 94.4%). Conversely, Cystone®
and UROCLEAR were found able to
enhance the estimated E. coli biofilm
biomass while Renalka™ was shown
effective (p < 0.05) in suppressing the
formation of the enteric coli biofilm (%
inhibition = 53.5%). E. faecium biofilm
biomass was also diminished significantly
by co-culturing with Cystone® with a
percentage of inhibition of 90.7 % (p <
0.005) whereas ROWALtinex® reduced the
biomass by 38.9% but non-significantly (p
> 0.05).

Test Microorganism

E. coli

E. faecium

Product Label Number

C. albicans

39

S. aureus | P. aeruginosa
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Figure 2. Antibiofilm activity of the herbal products against bacterial and yeast biofilm
formation. Prevention of biofilm attachment was assessed by crystal violet assay. 1:
Renalka™ , 2: ROWALinex®, 3: Cystone®, 4: UROCLEAR, GC: growth control.
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Figure 3. The repressive effects of the herbal products on bacterial and fungal biofilm
formation. Semi-quantitative assessment by crystal violet staining of the biofilm biomass. 1:
Renalka ™ | 2: ROWAtinex ®, 3: Cystone ®, 4: UROCLEAR, GC: growth control *; p >
0.05, **; p > 0.005, ***; p > 0.001 using Dunnett’s one way ANOVA.
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Table 3. Percentage of inhibition of biofilm biomass

Herbal Product

Test Microorganism Renalka™ | ROWALtinex® | Cystone® | UROCLEAR
P. aeruginosa 97.8 95.0 74.0 93.6

S. aureus 75.8 57.8 80.8 90.6

C. albicans 94.4 85.1 71.8 86.5

E. coli 53.5 57.8 0 0

E. faecium 70.7 38.9 90.7 85.9

DISCUSSION Many  polyherbal formulations are

extensively described for cases of urinary
40
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disorders, however, no in situ studies have
evaluated theirs in vitro antimicrobial and
antibiofilm potentials against pathogenic
clinical isolates. Four commercial herbal
products available in the local market
indicated for treating urinary tract
disorders such as urolithiasis, renal stones,
and urinary tract infections were assessed
for in vitro microbial growth inhibitory
and antibiofilm effect. Five selected
uropathogenic microbes were included. In

vitro,  well diffusion assessment
demonstrated antimicrobial activity of
Renalka™, ROWALinex®, and

UROCLEAR against C. albicans, S.
aureus, and E. faecium. A significant
antibiofilm activity was reported for all of
the tested products against the pathogenic
biofilm formation but to a varying degree.

These polyherbal products have been used
for a variety of symptoms relieving,
prophylactic and therapeutic purposes.
Starting with Renalka™, it has been
extensively studied for its urinary
beneficial effect (7). Currently, it was
shown effective to only inhibit the growth
of E. faecium, however dramatic inhibition
of biofilm formation was encountered
against all tested pathogens in response to
the co-culture with Renalka™. The
beneficial health effect could be due to one
or more of the active herbal constituents.
The principal element of Renalka™ ;
Gokshura (Tribulus terrestris) has been
shown to effectively enhance renal
function via a number of mechanisms
including induction of diuresis, increasing
the rate of glomerular filtration and
chloride and creatinine clearance (13). It
also revealed analgesic and anti-
inflammatory action (6). Regarding
antimicrobial activity, and in accordance
with our finding, a study conducted by Ali
et al. (14) demonstrated no antimicrobial
effect of gokshura against S. aureus, E.
coli and P. aeruginosa. However, a strong
recommendation of using gokshura as a
qguorum quenching agent (antibiofilm
agent) against P. aeruginosa was obtained
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from a recent study published in 2019
(15). Cretaeva magna extract was reported
to have a good antimicrobial activity
against S. aureus and E. coli (16).
However, no antimicrobial effect against a
number of pathogenic bacteria and fungi
was documented by Farjana et al. (17).
Concerning its antibiofilm potential and up
to the best of our knowledge, no
information was retrieved from the
published research articles. The root bark
extract of Hemidesmus indicus (18) was
shown effective in inhibiting S. aureus
biofilm  formation.  Another  study
demonstrated a powerful antibiofilm effect
of Hemidesmus indicus against clinical,
multi-drug resistance strains of E. coli, P.
aeruginosa, S. aureus, and Bacillus
subtilis (19). Cyperus rotundus has been
informed to exert antimicrobial activity
against a number of pathogenic microbes
including C. albicans (20,21) while its
antibiofilm effect was reported against
Actinobacteria baumannii (22).
Antibiofilm potential against pathogenic S.
aureus isolates was documented on behalf
of Vetiveria zizanioides root extract (23)
in addition to antimicrobial effect.
Asparagus is also reported to exert
antibiofilm effect against Candida species
(24). Trikatu is an important primeval
formula composed of black pepper with
long pepper and ginger. The therapeutic
effect has been attributed mainly to the
active ingredient piperine which has
recently  demonstrated a  valuable
antibiofilm effect against the pathogenic
yeast C. albicans (25). Similarly, Elletaria
has been tested for antibiofilm effect
against Gram-negative pathogens and
results demonstrated a beneficial effect
(26).

ROWALinex® revealed an antimicrobial
effect against S. aureus and E. faecium in
the present study. Another study
conducted to sightsee the antimicrobial
action of Rowatinex® demonstrated a lack
of any inhibitory effect of urine samples
taken  from  volunteers  consuming
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Rowatinex® on the growth of common
pathogens of urinary system. However, an
antimicrobial effect was encountered in
vitro indicating that the metabolized forms
of the product excreted in the urine
retained no antibacterial effect (27). a-
pinene and fB-pinene, two major
constituents of Rowatinex®, were studied
for antimicrobial and antibiofilm effects
against S. aureus and came up with
excellent antimicrobial and antibiofilm
effects (28). Camphene was also
documented to have an antimicrobial,
antibiofilm and antivirulence potentials
against Gram-positive and Gram-negative
bacteria  (29). Borneol had also
antibacterial effects (30) and antibiofilm
with an antihyphal effect against C.
albicans (31). In addition, anethole was
shown to exert antimicrobial and
antibiofilm potentials (Kubo et al. 2008).
C. albicans antibiofilm effect was also
reported for fenchone (31). Moreover,
uropathogenic biofilms were shown to be
inhibited by cineol (32).

Cystone® did not show an antimicrobial
effect against any of the tested pathogens
but had antibiofilm formation activity
except for E. coli where it oppositely
enhanced biofilm formation. Contrary to
the present finding, Rubia cordifolia was
shown to exhibit antistaphylococcal effect
(33) which is one of the components of
cystone®. Silver nanoparticles unravelled
by means of utilizing root and stem
extracts from Rubia cordifolia were tested
for antimicrobial and antibiofilm effects
and demonstrated the aptitude to impede
the growth and biofilm formation of a
number of human pathogens including
uropathogens (34).
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