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Abstract

Multidrug-resistant urinary tract infections (UTIs) are a major global concern for the health sector. Quercus infectoria G.Olivier has been used
as a medicine for ages in Asia and it is well established of its antibacterial, antifungal, antioxidant, antiparasitic, anti-inflammatory and wound
healing properties. The aqueous, ethanolic and methanolic extract and dry powder forms of Q. infectoria were investigated for their
antibacterial, anti-inflammatory and antioxidant qualities. Various assays were done to determine anti-microbial, cytotoxic effects,
antioxidant and anti-inflammatory effects. The aqueous extract of Q. infectoria expressed antibacterial properties against Enterococcus
faecalis, Escherichia coli and Candida albicans, while the methanolic extract is effective against Klebsiella species by the well diffusion assay.
The cytotoxic effects of Q. infectorias’ aqueous extract revealed a 90 % survival rate with 5 and 10 pg/mL in the brine shrimp lethality assay
(BSLA) method. The methanolic extract demonstrated an 89.13 % suppression of antioxidant activity at a concentration of 50 pg/mL. The
methanolic extract demonstrated 85.13 % suppression of antioxidant activity in the H,0, experiment at a concentration of 50 pg/mL. Similarly,
aqueous extract showed dose-dependent anti-inflammatory actions in egg albumin denaturation inhibition assay (EA assay), bovine serum
albumin denaturation assay (BSA assay) and membrane stabilisation assay (MSA assay). The current investigation showed that Q. infectoria
has anti-inflammatory and antioxidant properties. Moreover, it has antimicrobial actions against selected UTI pathogens.
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Introduction

Quercus infectoria G.Olivier, also known as the Aleppo oak, is a glycosides, flavonoids, sterols, phenolic compounds, quercetin,

deciduous tree taxonomically classified under the family Fagaceae.
The tree is widely distributed in Mediterranean regions, including
Greece, Turkey, Iran, Syria and parts of Asia Minor. It is also found in
the Himalayan belt in India and its galls, known as “Mazo”, possess
therapeutic properties and are rich in tannins and other
phytochemicals. Traditional Chinese medicine has historically used
Q. infectoria galls (QIG) to treat a variety of human conditions,
including skin diseases, diarrhoea and bleeding. QIGs’ medical
uses have grown in popularity in the Middle East and Asia Minor (1).
Pharmacological evidence and documentation support the
antidiabetic, local anaesthetic, antibacterial, antifungal and
anti-inflammatory properties of Q. infectoria galls. Quercus infectoria
has many other bioactive compounds like free gallic acid, ellagic
acid and tannic acid (2). Other bioactive compound includes

hesperidin, rutin, narigenin, acids and fatty acids (3, 4).

The most frequent causes of genitourinary tract infections
are Escherichia coli, Staphylococci and Streptococci. Gram-negative
bacteria are also the cause of genitourinary tract infections.
Although uncommon, anaerobic bacterial infections can also result
in genitourinary tract infections and may be linked to pyometra.
Geographically, genitourinary infections are found all over the world
(4). Recurrent and complicated UTIs can lead to significant
morbidity, renal damage and healthcare burden.

Since reactive oxygen species (ROS) target cell
macromolecules, oxidative damage is a primary cause of many
diseases (4, 5). Quercus infectoria neutralise these free radicals and
antioxidants are essential in preventing ROS from damaging cells
(6). Plant-based antioxidants protect cells by scavenging free
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oxygen radicals and counteracting ROS (6, 7). This has been made
feasible by the presence of specific phytochemicals that give plants
antioxidant action, such as flavonoids. Many diseases have been
linked to nitric oxide (NO) and bodys’ overproduction of NO can lead
to cell damage, neuronal cell death and DNA fragmentation (8).
Because of their effective NO scavenging activity, plants can
significantly contribute to the reduction of NO levels (9, 10).
Although some infections are asymptomatic, lower UTI can cause
dysuria, haematuria, or pollakiuria. Fever or stomach-ache may
accompany acute pyelonephritis and pyometra (11). If sepsis
develops, symptoms could include diarrhoea, vomiting and
lethargy. Abdominal distention and/or vaginal discharge may
accompany pyometra (12).

A well-known substance on Q. infectoria, mazo is used to
treat infectious disorders, particularly UTls and to help women in
the postpartum phase (13). Although other microbes may also be
responsible, the three most significant ones that cause vaginal
infections in women are Candida albicans, Trichomonas vaginalis
and Gardnerella vaginalis (14). When the extract was prepared using
ethanol, it was demonstrated that there was inhibition on the
B—lactamase and autolysin enzymes of Staphylococcus aureus. It
has  antimicrobial actions against  methicillin-resistant
Staphylococcus aureus (MRSA) (15). Moreover, it was established
that Mazo aqueous and methanol extracts had antibacterial
properties against Klebsiella pneumonia, Escherichia  coli,
Staphylococcus,  Enterococcus  faecalis,  Proteus — mirabilis,
Streptococcus agalactiae and Proteus vulgaris (16).

Pathogens, causing urinary tract infections have been
thoroughly investigated in this study. The studys’ originality lies in
the fact that finding alternative or herbal therapies for the treatment
of UTls is vital, given the rise in antimicrobial resistance (AMR) (17).
The purpose of the study helps us to understand the therapeutic
potential and safety profile of Q. infectoria, which also has
antibacterial, antioxidant and anti-inflammatory activity and
cytotoxic effect. This research aids in the hunt for potent all-natural
antimicrobials. The reliability and application of the results are
increased by using a variety of assays to assess the bioactivities,
which yield solid and thorough data.

Materials and Methods
Preparation of Q. infectoria extract

The powdered Q. infectoria was purchased from Annai Herbals in
Poonamallee, Chennai and 2.5 g of Q. infectoria was weighed. Annai
Aravindh Herbals, founded by Dr. P. Rajalingam and
Dr. R. Vijayalakshmi, focuses on developing scientifically prepared
herbal medicines. With GMP and 1SO 9001 and 22000 certifications,
the company ensures strict quality control from sourcing to
processing. Their products are made using a purification method to
guarantee safety and effectiveness. Aqueous extract was made
ready by following the method: 2.5 g of Q. infectoria was mixed in
50 mL of distilled water and heated with the heating mantle. The
resultant mixture was kept for 15 to 20 min at 50 to 60 °C. To get rid
of insoluble particles, it was filtered and the resulting translucent
filtrate, which comprised the aqueous extract of Q. infectoria, was
immediately refrigerated and kept in the refrigerator for further
experimental investigation.

Methanol extract was prepared by taking 25 g of
Q. infectoria. It was mixed with 25 mL of methanol and shaken with

2

an orbital shaker for a full day. For 5 min, the methanol-mediated
Q. infectoria extract was heated to 50 °C in a heating mantle.
Methanolic extract was then employed for other biological uses (18).
Similarly, ethanol extract was prepared by taking 2.5 g of
Q. infectoria. 2.5 g of Q. infectoria was added to 25 mL of ethanol.
This mixture was taken in an orbital shaker and thorough mixing
was done for 24 hr in the shaker. The ethanol-mediated Q. infectoria
extract was placed in the heating mantle for 5 min at 50 °C. Further
experiments were conducted using the ethanolic extract (19).

Antimicrobial activity

The well diffusion method was used on agar plates and the method
used was the Mueller-Hinton method. The plates were autoclaved
at 121 °C for 15-20 min. Sterile Petri plates were covered with the
medium. After taking out the agar plates from the autoclave, they
were placed on a stand so that the plates could cool down to room
temperature. Utilising a sterilised cotton swab, E. coli, Klebsiella
species, E. faecalis and C. albicans microbial suspension were
applied evenly over the agar plates. In these agar plates,
well-shaped depressions were cut, measuring 9 mm. To these
wells, 50 pg/mL of the different extracts-aqueous, ethanolic and
methanolic of Q. infectoria were added to the wells. The well for dry
powder of Q. infectoria was also done. Bacterial culture was
incubated for 24 hr and fungal culture was incubated for 48 hr. The
temperature was maintained at 36 °C. A clear area around each well
is due to the antimicrobial activity. This is measured with the scale in
mm (20).

Cytotoxic effect
Brine shrimp lethality assay

10 mL of saline water was poured into Enzyme-Linked
Immunosorbent Assay (ELISA) plates with 6 wells. Now, ten nauplii
were gradually introduced to each of these wells to which
Q. infectoria solvent extract was also added. The percentage of live
nauplii was estimated using the formula that was used in previous
studies (21).

Antioxidant property

2,2-Diphenyl-1-picrylhydrazyl scavenging assay (DPPH scavenging
assay)

After preparing the stock solution, it was diluted in methanol. 200 uL
of working solution for DPPH was prepared fresh for each assay and
poured into the 96-well ELISA plate. To these wells, Q. infectoria
extracts (10-50 pg/mL) were loaded and for 10 min, the plate was
left at room temperature in a dim environment. Using menthol as a
blank and a spectrophotometer at 517 nm, the absorbance was
measured (19).

% DPPH Scavenging activity = (Absorbance of control - Absorbance
of sample x 100) / Absorbance of control (Egn.1)

In the above equation, the DPPH solution without
Q. infectoria serves as the control and the DPPH solution containing
Q. infectoria serves as the sample. As a standard, ascorbic acid was
employed.

Hydrogen peroxide (H.0:) radical scavenging assay

Q. infectoria has radical-removing property and this was tested with
an H0; radical scavenging assay. 0.6 mL of the 40 mM H,0, solution
was taken after it had been prepared in phosphate buffer (pH 7.4).
To this was added Q. infectoria extract and a standard solution of
ascorbic acid in concentrations (10-50 pg/mL). The absorbance was
detected at 532 nm using spectrophotometry following 10 min of
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incubation in a dark environment. The standard used was vitamin
C. The above formula, used for the DPPH assay, was used to express
the percentage of scavenging property of H,0,(22).

Ferric reducing antioxidant power assay (FRAP Assay)

Reagents for FRAP assay: To the mixture of sodium acetate trihydrate
and glacial acetic acid, distilled water is added to bring the level up
to 1 L. Ferric chloride hexahydrate and tripyridyl-s-triazine are the
additional components. The above 3 reagents are mixed in the ratio
of 10:1:1 and are known as the FRAP reagent. A solution was
prepared with the FRAP reagent (2.7 mL) and Q. infectoria extracts
(0.7 mL). After taking each of the three extracts in varying
concentrations, they were kept at room temperature in a dark
environment for some time. A spectrophotometer analysis of the
reduction was tested using ascorbic acid. A spectrophotometric
measurement was taken at 593 nm (19).

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS assay)

ABTS was mixed with potassium persulfate; this reagent was
refrigerated for 24 hr and just before the assay, 50 % ethanol was
used to dilute the reagent. 96-well microplates were taken and
250 pL of ABTS+and 20 pL of Q. infectoria samples of different
amounts were loaded into the wells. The standard used was
ascorbic acid and the blank was 20 pL of ethanol. The microplate
was kept in the dark for 10 min and a spectrophotometric
measurement was taken at 734 nm. The same formula used for
scavenging activity was used here.

Nitric oxide (NO) radicalinhibition assay

In the present study, a modified Griess-lllosvoy reagent was used.
3 mL of the reagent, consisting of sodium nitroprusside (2 mL),
phosphate-buffered saline (0.5 mL) and Q. infectoria different
solvent extracts (10-50 pg/mL) and standard solution (ascorbic
acid, 0.5 mL), was taken. This mixture of reagents was stored at 25 °
C for 2.5 hr. After the procedure was finished, 1 mL of sulfanilic acid
reagent was mixed with 0.5 mL of the reaction mixture and the
combination was left for 5 min to achieve full diazotisation. A pink
chromophore appeared in diffused light when this combination
was mixed with modified Griess Illosvoy reagent and allowed to
stand for 30 min at 25 °C. A spectrophotometer was used to test
these solutions' absorbance at 540 nm in relation to the
corresponding blank solutions (23).

Anti-inflammatory activity
Bovine serum albumin denaturation assay

0.45 mL of bovine serum albumin was mixed with 0.05 mL of
Q. infectoria at various concentrations (10-50 pg/mL). The pH is kept
at 6.3. The mixture is allowed to stand at room temperature for
10 min before being incubated in a water bath at 55 °C for 30 min.
Dimethyl sulfoxide served as the control and diclofenac sodium as
the benchmark. At 660 nm, spectrophotometric measurements
were made. The percentage for estimating protein denaturation
was computed using the established formula (24).

Egg albumin denaturation assay

0.2 mL of fresh egg albumin was mixed with 2.8 mL of 1X phosphate
buffer. Quercus infectoria was added to this combination in varying
doses (10-50 pg/mL), the pH was kept at 6.3 and it was left to
remain at room temperature for 10 min. For 30 min, this mixture
was incubated at 55 °C in a water bath. Dimethyl sulfoxide served as
the control and diclofenac sodium served as the benchmark. The
samples were then analyzed at 660 nm using spectrophotometry

(25).

The percentage of protein denaturation was determined
utilising the following formula:

% inhibition = Absorbance of control-Absorbance of sample x 100/
Absorbance of control (Egn.2)

Membrane stabilisation assay (MSA)

For membrane stabilisation activities, we preferred the in vitro MSA
in the current study. Here, cell membrane stabilisation is assessed
while treating with the bioactive compound and observing its ability
to prevent cell membrane disruption. The following items were
required for the procedure: human red blood cells, Tris-HCl buffer
(50 mM, pH 7.4), phosphate-buffered saline, various doses and
various solvents of Q. infectoria (10-50 pg/mL), centrifuge tubes and
UV-Vis spectrophotometers (26).

Assay procedure

Each centrifuge tube received 1 mL of RBC suspension before
different concentrations of Q. infectoria (different solvent extracts)
(10-50 pg/mL) were applied. After gradually mixing the aforesaid
RBC mixture with different amounts of Q. infectoria, the tubes were
incubated for 30 min at 37 °C. To pellet the RBCs, centrifugation was
performed at 2500 rpm for 5 min at room temperature. A UV-Vis
spectrophotometer was used to measure the supernatants’
absorbance at 560 nm.

Using the following formula, the % inhibition of hemolysis
was calculated:

% inhibition=[(OD control - OD sample) / OD control] x 100 (Egn. 3)

where the absorbance of the RBC suspension with the test
compound is known as the OD sample and the absorbance of the
RBC suspension without the test compound is known as the OD
control.

Results
Preparation of extracts

An aqueous extract of Q. infectoria was prepared by weighing 2.5 g
of the plant material and dissolving itin 50 mL of distilled water. The
mixture was boiled using a heating mantle at 50-60 °C for 15-20
min, followed by filtration through a muslin cloth to obtain the
aqueous extract (Fig. 1a-1e).

For the ethanolic extract, 2.5 g of Q. infectoria was mixed with
25 mL of ethanol and shaken on an orbital shaker for 24 hr to obtain
the ethanol extract, which was used for biomedical applications
(Fig. 2).

Similarly, the methanolic extract was prepared by mixing
2.5 g of Q. infectoria with 25 mL of methanol and shaking on an
orbital shaker for 24 hr, and the resulting extract was used for
biomedical applications (Fig. 3).

Antimicrobial activity

The agar well diffusion technique was used to demonstrate the
antimicrobial activity of Q. infectoria. Thereby, it was demonstrated
that Q. infectoria was effective for UTI pathogens, like E. coli,
Klebsiella sp., E. faecalis and C. albicans. Three different solvents of
Q. infectorio—aqueous extract, ethanolic extract and methanolic
extract—and dry powder of Q. infectoria (10 pg/mL) were tested.
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a) | b) a) b)

Fig. 2. a, b. Ethanol extract of Q. infectoria. Fig. 3. a, b. Methanol extract of Q. infectoria.
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g m Ethanolic extract
£ 20
Z
815
- # Methanolic
g 10 extract
N s
uDryPowder
0
E. coli Klebsiella sp. E. faecalis C. albicans
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Fig. 4. The microbial plates represented the antimicrobial activity of different solvents and dry powder of Q. infectoria against UTI pathogens:
(A) E. faecalis; (B) Klebsiella sp.; (C) C. albicans; (D) E. coli; (E) The bar diagram shows the antimicrobial effect of Q. infectoria aqueous extract,
ethanolic extract, methanolic extract and dry powder against UTI pathogens.
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Fig. 4 demonstrated that Q. infectoria was effective against all UTI
pathogens. The zone of inhibition was greatest for the aqueous
extract. At 50 pg concentration, Q. infectoria-aqueous extract
showed inhibition zone of 29 mm (E. coli), 28 mm (Klebsiella sp.),
27 mm (E. faecalis) and 26 mm (C. albicans ), while the ethanolic
extract exhibited 21 mm (E. coli), 26 mm (Klebsiella sp.), 24 mm
(E. faecalis) and 19 mm (C. albicans), while the methanolic extract
exhibited an inhibition zone of 23 mm (E. coli), 29 mm (Klebsiella
sp.), 24 mm (E. faecalis) and 21 mm (C. albicans) and Q. infectoria dry
powder exhibited an inhibition zone of 23 mm (E. coli), 26 mm
(Klebsiella sp.), 21 mm (E. faecalis) and 20 mm (C. albicans). The
present study demonstrates that Q. infectoria aqueous extract has
high antimicrobial activity, thus being effective against microbial
growth.

Cytotoxic effect

The cytotoxic activity of the methanolic extract of Q. infectoria
against Artemia nauplii is presented in Fig. 5A. Quercus infectoria
methanolic extract of different concentrations ranging from 5 pg/
mL to 80 pg/mL was compared to the control. The findings
demonstrated that 100 % live nauplii were present on day 1,
indicating lower toxicity. On the second day, 5 pg/mL, 10 yg/mL and
20 pg/mL concentrations demonstrated 80 % of live naupli,
whereas 40 yg/mL showed 60 % and 80 pg/mL concentrations and
50 % of live nauplii. Using concentrations ranging from 5 ug/mL to
80 pg/mL, the cytotoxic effect of Q. infectoria aqueous extract was
compared with that of the control (Fig. 5B). The trials’ findings
showed that, in the first 24 hr, it did not result in the death of Artemia
nauplii. On Day 2, at concentrations up to 40 pg/mL, Q. infectoria
aqueous extract demonstrated 80 % live nauplii and only 40 % live
nauplii at higher concentrations of 80 pg/mL. Fig. 5C shows the
Cytotoxic effect of Q. infectoria-ethanolic extract. The results showed
that on Day 1, there was 100 % live nauplii at all concentrations,
indicating lower toxicity. On day two, a 5 pg/mL concentration
showed 80 % live nauplii and an 80 pg/mL concentration showed
50% live naupli.

Antioxidant activity

The antioxidant activity of the methanolic extract of Q. infectoria
was evaluated using multiple in vitro assays. The DPPH radical
scavenging assay showed a concentration-dependent increase in
antioxidant activity, with percentage inhibition values of 61.27,
72.61, 80.56, 84.69 and 89.13 at concentrations ranging from 10 to
50 pg/mL (Fig. 6A). The hydrogen peroxide (H,0,) scavenging
assay exhibited inhibition percentages of 49.2, 51.6, 63.2, 72.9 and
85.4 across the same concentration range (Fig. 6B). The ferric
reducing antioxidant power (FRAP) assay, compared with standard
antioxidants, demonstrated percentage inhibition values of 68.53,
73.17, 77.49, 80.38 and 87.55 at concentrations of 10-50 pg/mL
(Fig. 6C). The nitric oxide (NO) scavenging assay revealed inhibition
percentages of 66.32, 7265, 7584, 8022 and 8461 at
concentrations of 10-50 pg/mL (Fig. 6D). The ABTS radical
scavenging assay further confirmed the antioxidant potential of the
methanolic extract, with inhibition values of 65.38, 71.46, 78.25,
82.54 and 87.63 at concentrations of 10-50 ug/mL (Fig. 6E).The
antioxidant activity of the ethanolic extract of Q. infectoria was
assessed using multiple in vitro assays. The DPPH radical
scavenging assay demonstrated concentration-dependent activity,
with percentage inhibition values of 63.15, 74.58, 82.36, 85.44 and
89.69 at concentrations ranging from 10 to 50 pg/mL (Fig. 7A). The
hydrogen peroxide (H,0,) scavenging assay showed inhibition
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percentages of 486, 53.7, 64.1, 746 and 862 at the same
concentration range (Fig. 7B). The ferric reducing antioxidant power
(FRAP) assay, compared with standard antioxidants, revealed
inhibition values of 68.95, 73.49, 78.12, 8257 and 87.63 at
concentrations of 10-50 pg/mL (Fig. 7C). The nitric oxide (NO)
scavenging assay indicated inhibition percentages of 69.28, 75.47,
76.51,81.36 and 86.93 across the tested concentrations (Fig.
7D). The ABTS radical scavenging assay further confirmed
antioxidant activity, with inhibition percentages of 68.53, 72.41,
79.84,83.22 and 87.65 at concentrations of 10-50 pg/mL (Fig. 7E).

Similarly, the aqueous extract of Q. infectoria exhibited
notable antioxidant activity across all assays. In the DPPH assay, the
extract showed percentage inhibition values of 63.57, 74.68, 82.17,
85.43 and 89.65 at concentrations of 10-50 pg/mL (Fig. 8A). The
H,0, scavenging assay demonstrated inhibition percentages of
489, 54.6,63.1, 74.8 and 86.7 at the same concentration range (Fig,
8B). The FRAP assay revealed antioxidant activity with inhibition
values of 69.84, 73.56, 77.43, 82.55 and 87.41 at concentrations of 10
-50 pg/mL (Fig. 8C). The NO scavenging assay showed percentage
inhibition values of 67.81, 74.62, 77.49, 81.53, and 86.46 across the
tested concentrations (Fig. 8D). The ABTS assay also demonstrated
strong antioxidant potential, with inhibition percentages of 69.84,
73.56, 77.43, 82.55 and 87.41 at concentrations of 10-50 pg/mL (Fig.
8E).

Anti-inflammatory activity

The anti-inflammatory activity of Q. infectoria was evaluated using
bovine serum albumin (BSA), egg albumin (EA) and membrane
stabilization assays (MSA), with comparisons made against
standard drugs (Fig. 9A-C). The aqueous extract of Q. infectoria
exhibited concentration-dependent anti-inflammatory activity,
showing percentage inhibition values of 44, 56, 68, 74 and 79 at
concentrations of 10-50 pg/mL in the BSA assay (Fig. 9A). In the EA
assay, the aqueous extract demonstrated inhibition percentages of
48,59, 64, 67 and 77 across the same concentration range (Fig. 9B).
Similarly, the MSA assay revealed inhibition values of 43, 57, 66, 74
and 80 at concentrations of 10-50 pg/mL for the aqueous extract
(Fig. 9C).

The ethanolic extract of Q. infectoria also showed notable
anti-inflammatory activity in all three assays. In the BSA assay, the
ethanolic extract exhibited percentage inhibition values of 42, 57,
67, 72 and 78 at concentrations of 10-50 pg/mL (Fig. 9A). The EA
assay showed inhibition percentages of 48, 57, 60, 64 and 76 for the
ethanolic extract across the same concentration range (Fig. 9B). In
the MSA assay, inhibition values of 43, 55, 65, 73 and 81 were
observed at concentrations of 10-50 pg/mL (Fig. 9C).

Discussion

In the current study, it is hypothesised that aqueous, ethanolic and
methanolic extracts of Q. infectoria demonstrate antimicrobial
properties for UTl pathogens. The assay of Q. infectoria
demonstrated the antibacterial and cytotoxic effects, antioxidant
and anti-inflammatory properties. A 50 pg concentration of
aqueous extract of Q. infectoria showed a maximum zone of
inhibition (ZOl) of 29 mm for E. coli. Similarly, ethanolic extract,
methanolic extract and dry powder showed ZOls of 26 mm, 29 mm
and 26 mm, respectively, for Klebsiella. The antimicrobial action of
Q. infectoria showed that the aqueous extract of Q. infectoria is
highest against E. coli, E. faecalis and C. albicans, whereas the
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A) Cytotoxic effect - Q. infectoria (Methanolic
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Fig. 5. (A-C) The cytotoxic effect of Q. infectoria. On day 1, all extracts had a safety profile compared to the control in all concentrations. On
day 2, there was concentration dependent reduction in the percentage of live nauplii in all extracts.
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Fig. 6. Different antioxidant assays of Q. infectoria methanolic extract. (A) DPPH assay; (B) H,0, assay; (C) FRAP assay; (D) ABTS assay; (E) NO
assay showing the percentage of inhibition at different concentrations with comparable antioxidant activity when comparing the extract and

standards. This shows the antioxidant property of Q. infectoria methanolic extract.

DPPH assay: 1,1-diphenyl-2-picrylhydrazyl radical scavenging assay; H,0, assay: hydrogen peroxide scavenging assay; FRAP assay: ferric
nitric oxide radical scavenging assay; ABTS assay: 2,2'-azino-bis(3-ethylbenzothiazoline-6-

reducing antioxidant power assay; NO assay:
sulfonic acid) radical scavenging assay.
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Fig. 7. Antioxidant activity of Q. infectoria ethanolic extract. (A) DPPH assay; (B) H,0, assay; (C) FRAP assay; (D) ABTS assay; (E) NO assay. In the
various assays, the percentage of inhibition at different concentrations was compared with the standard. This shows the antioxidant property
of Q. infectoria ethanolic extract.

DPPH assay: 1,1-diphenyl-2-picrylhydrazyl radical scavenging assay; H,0, assay: hydrogen peroxide scavenging assay; FRAP assay: ferric
reducing antioxidant power assay; NO assay: nitric oxide radical scavenging assay; ABTS assay: 2,2'-azino-bis(3-ethylbenzothiazoline-6-

sulfonic acid) radical scavenging assay.
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Fig. 8. Antioxidant activity of Q. infectoria aqueous extract using different assays. (A) DPPH assay; (B) H,0, assay; (C) FRAP assay; (D) ABTS
assay; (E) NO assay. The percentage of inhibition of Q. infectoria aqueous extract was compared with the standard, thus demonstrating the
antioxidant activity.

DPPH assay: 1,1-diphenyl-2-picrylhydrazyl radical scavenging assay; H,0, assay: hydrogen peroxide scavenging assay; FRAP assay: ferric
reducing antioxidant power assay; NO assay: nitric oxide radical scavenging assay; ABTS assay: 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) radical scavenging assay.
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Fig. 9. Anti-inflammatory activity. (A) BSA assay; (B) EA assay; (C)MSA assay with (A1, B1, C1) aqueous extract, (A2, B2, C2) ethanolic extract and
(A3, B3, C3) methanolic extract, demonstrating the percentage of inhibition at various concentrations with similar anti-inflammatory activity

when the Q. infectoria extract and standards are compared.

methanolic extract is effective against Klebsiella species in
comparison to other extracts. This shows that Q. infectoria exhibits
antimicrobial properties against pathogens that cause UTIs.

Many herbal extracts do have antimicrobial actions against
UTI pathogens. The fruit of Vaccinium macrocarpon (cranberry),
Juniperus spp. (juniper) and Arctostaphylos uva-ursi (uva ursi) all
release antimicrobial chemicals that can either directly kill
microorganisms or inhibit their ability to adhere to epithelial cells,
hence avoiding acute and persistent UTIs (27). Multiple research
studies have proved that many of the herbal extracts can be used
against UTI pathogens in this era of antibiotic resistance (28). One
study that was conducted on Q. infectoria extract and
decontamination of eggs shows that it has antimicrobial actions
against E. coliand C. albicans (29, 30).

The cytotoxic effects of aqueous extract of Q. infectoria
demonstrated a 90 % survival rate with 5 pL and 10 pL in
comparison to ethanolic and methanolic extracts, which showed
lower survival rates in this study, as demonstrated by the brine
shrimp lethality assay (BSLA) method, which points to the safety of
these extracts. In a similar study, cytotoxic effect using BSLA for their
compounds, such as Clitoria ternatea L. flower and Camellia sinensis
(L.) Kuntze leaf, was 95 % naupli survival when they used 5 pL and
10 L of ethanolic extract (31). Use of the brine shrimp lethality assay
is one of the methods to assess the toxicological effects of different
herbs (32-34).

The antioxidant capacity of Q. infectoria (aqueous, ethanolic
and methanolic extracts) was assessed using DPPH, H,0,, FRAP, NO
and ABTS assays and was comparable with the standard
compound. The concentration-dependent antioxidant property

using DPPH expressed by Q. infectoria was comparable with the
standard compound. In the present study, at the concentration of
50 pg/L, the methanol extract showed 89.13 % inhibition of
antioxidant activity. In the H,0, assay, at a concentration of 50 pg/L,
the methanol extract showed 85.13 % inhibition of antioxidant
activity. This result is similar to a previous study in which the
researchers found the antioxidant activity of Q. infectoria using
DPPH, FRAP and ABTS assays and concluded that Q. infectoria gall
ethanolic extract reduces inflammation and oxidative damage in
dermal fibroblasts to hasten wound healing (35). The DPPH method
is used for the determination of antioxidant properties in the
context of herbal preparations (19). Antioxidant property is an
important characteristic of therapeutic agents that act against UTI
pathogens (36). In another study, the researchers have shown that
Citrus macroptera Montrouz. has a reservoir of natural antioxidants,
thus enhancing the therapeutic benefits of the herbal formulation
(37).

Another study found that the DMSO extract of Acorus
calamus Linn. contains strong antioxidants, possibly as a result of
the presence of additional antioxidants and phenolic components.
As a medicinal agent, its antioxidant action is crucial (38). Galls of
Q. infectoria have antioxidant properties and prevent functional
changes in murine macrophages brought on by oxidative stress
(39). Tannic acid present in the Q. infectoria is the main component
contributing towards the antioxidant property of the plant (40).
Previous studies show that the antioxidant activities of bioactive
compounds can be related to their apoptotic effects (41). Similarly,
certain other herbals also have antioxidant properties (42-44).

In the current study, while assessing the anti-inflammatory
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activity of Q. infectoria using the BSA assay, the percentage of
inhibition was 44, 56, 68, 74 and 79 at concentrations of 10-50 pg/
mL for aqueous extract. On the other hand, these values were
lowest for the methanolic extract. Similarly, the EA assay showed 48,
59, 64, 67 and 77 % inhibition for the same concentrations and the
methanolic extract showed the lowest inhibition. In the MSA study,
the percentage of inhibition was 43, 57, 66, 74 and 80 at
concentrations of 10-50 pg/mL and again, it was the methanolic
extract that had the lowest values of inhibition.

It is well known that the alcoholic extract of Q. infectoria has
anti-inflammatory actions due to the presence of increased
amounts of tannic acid that reduce the release of inflammatory
mediators such as NO and prostaglandin (PGE2) (45). A previous
anti-inflammatory study conducted on different herbs, including
Q. infectoria and concluded that the anti-inflammatory effects of
these herbs were significantly higher than those of standard
steroids used and the COX-2 inhibitor (46, 47).

Because plant extracts contain phytochemicals, including
alkaloids, terpenoids and flavonoids, they have anti-inflammatory
qualities (48). Anti-inflammatory medications can be made with
these substances and can be effective against UTI pathogens (49). In
a previous study, the researchers conducted their experiment on a
few bacteria and concluded that Aloe vera (L) BurmJf. acts against
them (50). In another study, researchers demonstrated that mouth
paint made with titanium dioxide nanoparticles created with
formulations of dried ginger and lemongrass had strong
antibacterial properties as well as possible anti-inflammatory
properties (51). Likewise, in another study, researchers concluded
copper nanoparticles mediated by Musa sapientum L. had a
moderate level of antimicrobial properties against certain
important bacteria (52, 53). The above findings show the explicit
role of herbals in antimicrobial treatment, especially against UTI
pathogens.

Limitations

In this study, the biochemical compound responsible for the
properties of Q. infectoria is not separated. On the other hand, the
experiments were conducted in vitro only and hence, animal studies
should be done in the future to prove the efficacy and safety of the
extract. This study offers basic insights, but future research must
overcome these limitations so that the medical application of
Q. infectoria for UTI can be improved and thus have a therapeutic
benefit.

Conclusion

This work is the first to report on the antimicrobial properties of the
aqueous extract of Q. infectoria against UTI pathogens. Escherichia
coliwas found to have the highest ZOlI for the aqueous extract. The
findings of the experiments collectively highlight the
pharmacological activity of Q. infectoria (aqueous, ethanolic and
methanolic extracts) against Candida albicans, Klebsiella species,
E. coli and E. fecalis, which are UTI pathogens. The cytotoxic studies
using BSLA showed that the aqueous extract of Q. infectoria is much
safer than the ethanolic and methanolic extracts of Q. infectoria.
This knowledge can be used for future in vivo and human trials for
the safety of drug development. Thus, strong antibacterial,
anti-inflammatory and antioxidant properties were displayed by
the extract, proving it to be an effective herbal drug against UTI.
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Additionally, the study shows dose-dependent effects, highlighting
the significance of dosage optimisation for maximal performance.
Higher concentrations of Q. infectoria offer more substantial
therapeutic advantages. These results lay the scientific foundation
for Q. infectorias’ medicinal potential and support its traditional uses
in complementary and alternative medicine. Further research
should be conducted in this direction to isolate and identify the
specific bioactive compound responsible for these effects. Future
studies should be conducted in vivo and in clinical trials to develop
antimicrobial drugs for UTls using Q. infectoria.

To the best of our knowledge, this study is among the first to
report the antimicrobial activity of the aqueous extract of
Q. infectoria against UTI pathogens. E. coli exhibited the largest
inhibition zone, followed by Kiebsiella species and E. faecalis.
Among all extracts, the aqueous form showed the most favourable
balance of efficacy and safety in cytotoxic studies. The strong
antibacterial, antioxidant and anti-inflammatory activities observed
may be attributed to the phenolic and tannin constituents of Q.
infectoria. These findings support its traditional use and provide a
scientific foundation for developing safe, plant-based therapeutics
for urinary tract infections. Further in vivo and clinical studies are
recommended to isolate and characterise the active compounds
responsible for these effects. These findings provide a scientific basis
for developing standardised, plant-based formulations for UTI
management.
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