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Abstract

Introduction. Antibiotic-resistant strains of numerous bacteria, including E. coli, the
primary cause of urinary tract infections, have arisen as a result of the indiscriminate
use of antibiotics, which affects individuals of all ages and cultures. Tamarix aphyllaa has
antibacterial, antifungal, antiviral, antioxidant, and anti-inflammatory qualities and is
common in the Iragi environment.

Purpose. To determine the effects of Tamarix aphylla phenolic compounds on E. coli
carrying the fim-H gene isolated from patients with urinary tract infections.

Materials and methods. An economical and low-cost approach was used to separate
phenolic chemicals from the plant’s leaves and stems; concentrations ranging from 100%
t0 5% (75%, 50%, 25%, 10%, and 5%) were created. Eosin-methylblue-Api-20E and 16srRNA
were used to describe the E. coli bacteria that were recovered from patients with urinary
tract infections. The criterion for the extract’s antibacterial activity was the assessment
of the zone of inhibition growth of bacteria cultured on Mueller-Hinton agar. The fim-H
gene, one of the most well-known virulence factors in E. coli bacteria, was the focus of the
genetic analysis of the bacteria. Genomic DNA was extracted using the Geneaid Kit.
Results. With the highest average inhibition zone of 17.8+£3.4 at a 100% concentration
and the lowest average concentration of 1.2+1.8 at a 5% concentration, tamarix aphylla
displayed exceptional efficiency against E. coli bacteria. The study demonstrated that
an increase in concentration is necessary for an increase in the inhibition zone. With the
greatest effect (17.8) at 100% and the lowest at 5% (1.2), inhibition rose as concentration
increased. The fim-H resistance gene was present in every isolate used in the investigation.
Conclusion. Tamarix aphylla possesses significant antibacterial activity against
Escherichia coli isolated from urinary tract infections. The phenolic extracts showed a
clear concentration-dependent inhibitory effect, with the highest antibacterial activity
observed at the maximum concentration. The presence of the fim-H virulence gene in
all isolates highlights the pathogenic potential of the studied strains and emphasizes the
importance of identifying effective alternative antimicrobial agents.
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Pesiome

BBepeHmne. B pe3synbrate 6€CKOHTPOSIbHOrO MPYMEHEHNA aHTUOUOTUKOB MOABUIUCH
YCTOMYVMBbIE K HUM LUTaMMbl MHOXecTBa H6akTepuii, B Tom uncne E. coli — ocHoBHOWM npu-
UVHbI UHOEKLMI MOYEBBIBOAALLMX NyTe, OT KOTOPbLIX CTPadatoT JloAN BCEX BO3PACTOB
1 pac. PacteHue Tamarix aphylla (tamapukc 6e3n1cTHbIN), MOBCEMECTHO BCTpeUvatoLLeecs
B Mpake, obnagaet aHTMb6aKTepManbHbIMU, NMPOTUBOTPUOKOBLIMIK, MPOTUBOBUPYCHBIMU,
AHTVOKCUAAHTHBIMY 1 MPOTUBOBOCMANIUTENbHBIMY CBOMCTBAMM.

Llenb. Onpegenutb 3bbeKT Bo3aeicTBUA GeHoNbHbIX coeanHeHnin Tamarix aphylla Ha
6akTepun E. coli, Hecywme reH fim-H, BbiieneHHble y naymMeHToB C MHPEKLUAMN MOYEBDI-
BOAALWMX NyTeNn.

Marepuanbi n merogbl. ViccnenosaHo 74 npobbl MOUM Ha NPEAMET M3YUYEHUs BIUSAHUSA
($EHONBHOrO 3KCTPaKTa 13 NINCTbEB U CTebNEl pacTeHMA TaMapyKe 6e3nncTHbIn (Tamarix
aphylla) Ha Hecywwe reH fim-H 6akTepun E. coli, BbiaeneHHble y NauneHToB ¢ UHdeKuns-
MU MOYeBbIBOAALLMX NyTel. icnonb3oBaH He Tpebyownin 6onbimx GprHaHCOBLIX 3aTpaT
NPOCTOW B MCMOSTHEHWM METO[, SKCTPaKLUKN GeHONbHbIX CoelHEHWIA C NOoNyYeHeM pac-
TBOPOB C KOHLeHTpaumen ot 100% po 5% (75%, 50%, 25%, 10% u 5%). ina onncaHusa
6akTepuii E. coli, BbiaeneHHbIX Y NauneHToB ¢ MHGEKUUAMY MOYEBBIBOASALLMX NyTel, Oblno
NPUMEHEHO OKpPaALUVBaHME 303UH-METUIIEHOBbIM cCHUM — Api-20E ¢ nocnegyowmm aHa-
NN30M HYKNeOTUAHBIX NocnefoBaTenbHocTel reHoB 16srRNA. Kputeprem aHTubaktepu-
anbHOWM aKTUBHOCTM SKCTPaKTa CNy»KUia oLeHKa 30Hbl UHIM6UpoBaHMA pocTa bakTepui,
BblAeneHHbIXx Ha arape Mueller-Hinton. B ueHTpe BHMMaHUA reHeTUYECKOro aHanvsa
6akTepuin Haxoamnca reH fim-H — oguH 13 Hanbonee n3BecTHbIX GaKTOPOB BUPYNEHT-
HocTu 6akTepuii E. coli. SkcTpakuyus reHomHon [HK ocyulectBnsinach ¢ ncnonb3oBaHuem
Geneaid kit.

Pesynbrarbl. Cyada no nokasatenam cpefHen nnowagm 30Hbl MHrMbrnposaHua, Hanbosnb-
wun 3¢pdekT BO3aENCTBMA GEHONbHBIX COEAMHEHNI Ha BakTepun Habnoagancsa Npu mc-
nonb3oBaHun 100%-HOro pacTBOpa SKCTPaKTa U3 pacTeHMA TaMapuKC 6e3NnNCTHBIN (MaK-
CUManbHasa CpeaHssa NAowWaab 30Hbl MHIMOMpPoBaHUS coctaBua 17,8+3,4), HaMeHbLUNIA —
NPU KOHUEHTpauuu 5% 3KCTPaKTa, NPy KOTOPOW OTMEYeHa MUHMMasibHas CpepHsAs
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nnowagb 30Hbl UHrM6UpoBaHua — 1,2+1,8. UHrmbrposaHme ycunmeanocb no mMmepe yBe-
NNYEHUA KOHLEHTPaLUMM pacTBopa 3KCTpakTa. [eH yctonunsocTtu fim-H 6bin BbiABIEH BO
BCEX M30MIATaX, MCMONb30BaHHbIX B UCCeOBaHNN.

3aknioueHune. TamapurKc 6e3NUCTHBIM 06NafaeT BblpaXKeHHONM aHTMOAKTepUanbHON aK-
TUBHOCTbIO B oTHOWeHMK Escherichia coli, BblgeneHHom n3 o6pasuoB Moun nNpu MHbEK-
LMAx MoyeBbiBoAALMX NyTen. DeHoNbHble SKCTPaKTbl MPOABUAN ABHBIA NHIMOUPYIOLL A
3bdeKT, 3aBMCALLMIN OT KOHLLEHTPaL MKW pacTBOpa, NpuyemM Hanbonbluasa aHTnbakTepuasnb-
HasA aKTMBHOCTb ero Habnioganacb NpyY MakcMMarnbHOW KOHUeHTpauun. Hanmuve reHa
BUpyneHTHocTM fim-H Bo Bcex n3onsaTtax CBUAETENbCTBYET O NAaTOreHHOM MOTEHLMaNe Uc-
cneflyembix LUITAMMOB U NMOAYEPKUBAET BaXXHOCTb NMoncka 3GdeKTUBHbIX anbTepHaTUBHbIX
aHTUMUKPOOHbIX MpenapaTos.

KnioueBble cnoBa: E. coli, Tamarix aphylla (tamapukc 6e3nnctHbin), nHbekunmn moyeBbl-
BogAwwmx nyten (UTI), reH BupyneHTHocTn fim-H, deHon

B INTRODUCTION

Phenolic Substances "Polyphenols" and "plant phenolics" are secondary natural
metabolites that originate biogenetically from either the shikimate/phenylpropanoid
pathway, which directly creates phenylpropanoids, or the "polyketide" acetate/malonate
system, which can produce simple phenols. These metabolites can generate polyphenols
and monomeric and polymeric phenols, which have a wide range of physiological uses in
plants [1].

Because they are presentin the vacuole in mixed forms with sugars as heterosides, they
are typically soluble in water. They both have an aromatic ring, but at least one hydroxyl
group has taken the place of at least one aromatic compound ring [2].

Fruits, vegetables, cereals, bark, roots, stems, flowers, tea, and wine all contain phenolic
structures. The positive effects of these natural items on health and endeavors are widely
recognized [3]. Phenolic compound classification Simple and polyphenolic compounds
are the two main categories of phenolic compounds simple phenol compounds with a
basic skeleton consisting of at least one hydroxyl group joined to an aromatic ring [4].

Polyphenols: Phenolic compounds that contain more than one phenol unit are
considered "polyphenol". Polyphenolic compounds have a C15 general skeleton
representation. Plant foods are rich sources of phenolics, which are molecules that can
act as antioxidants to prevent heart disease, reduce inflammation lower the incidence of
cancers and diabetes as well as reduce rates of mutagenesis in human cells anti bacteria,
antiviral and antifungal [2].

Tamarix aphylla Popular habitats include sand dunes, canals, riverbanks, wadi beds,
salty deserts, salt marshes and coastal plains. The tree is drought, heat, salt and frost
tolerant [3].

It is used as a carminative diuretic in tuberculosis, leprosy, and hepatitis. Various
pharmacological properties have been shown by T. aphylla, such as antidiabetic, anti-
inflammatory, antibacterial, antifungal, anticholinesterase, and wound-healing activity [5].

E. coli Straight, cylindrical rods that range in size from 1.1 to 1.5 to 2.0 to 6.0
microns can be found alone or in pairs as E. coli. Meet the general requirements of the
Enterobacteriaceae family. Gram-negative, according to [6] either nonmotile or motile via
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peritrichous flagella. Respiratory system that is both facultatively anaerobic and aerobic.
Voges-Proskauer negative, methyl red positive, and glucose fermentation via the mixed
acid route [7].

Strains of Escherichia coli (STEC) that produce the enterotoxin verotoxin, which is
comparable to Shiga toxin [8].

E. coli strains, including urinary tract infection, septicemia, newborn meningitis,
central nervous system and respiratory system infections. Several bacterial agents can
cause diarrheal and urinary tract infections, among these E. coli strains are detected as
an important cause of morbidity and mortality of diarrhea and UTI throughout the world
[9]. The fim-H protein is produced as a precursor of 300 amino acids and is processed
into a mature form of 279 amino acids. The fim-H gene is 903bp long and DNA sequence
variations were common among commensal E. coli, intestinal pathogenic strains and
extraintestinal pathogens. However, genetic variations were more common in intestinal
pathogens and extraintestinal pathogens because stressful environment make these
isolates adaptable by genotypic changes and consequently phenotypic variants were
prevalent among these groups [10].

One of the serious risk factors for CKD is UTls, which may also be the most common
infectious disease associated with CKD patients [11].

UTl is an infection that occurs in any part of the urinary system, including the urethra,
bladder, ureters, and kidneys. UTI was classified as either uncomplicated infections such as
cystitis and pyelonephritis in people without any structural or neurological abnormalities
of the urinary tract or complicated urinary tract infection include factors [12].

B PURPOSE OF THE STUDY
To determine the effects of Tamarix aphylla phenolic compounds on E. coli carrying
the fim-H gene isolated from patients with urinary tract infections.

B MATERIALS AND METHODS

Pathogenic Bacteria Collection

At the Al-Hussein Teaching Hospital in the Thi-Qar Governorate, 74 urine samples from
patients with UTIs were taken.

Midstream Clean-Catch: After the first portion of the urine is emptied, collect a
midstream specimen into a sterile container. Bacteria culture on MacConkey [13].

Collection Plant Samples

The leaves and stems of the plant utilized in the study were obtained in the spring in
the Nasiriyah region of southern Iraq during the beginning of March 2024. After drying,
they were ground.

Separation of Polyphenols from Tamarix aphylla by Ultrasound-assisted
Extraction

Phenolic chemicals were extracted from Tamarix aphylla using ultrasound and
a 30 : 70 ml water — ethanol combination. The extraction’s outcomes at 45 °C, 250 volts,
24 hours, and 50/Hz UAE is based on the principle of acoustic cavitation ultrasound that
induced via a series of compression and rarefaction waves in the molecules of the medium
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through which it is capable of damaging the cell walls of plant matrix as well as favoring
the release of bioactive compounds [14, 15].

Each 50 g of Corymbia citriodora was crushed and added to 500 mL of 70% ethanol
in 1000 ml brown bottles. The mixture was subjected to the previously mentioned
ultrasonic therapy while in an ultrasonic bath. The extraction sample was separated using
a centrifuge, and Whatmann No. 1T was employed for treatment.

The diluted liquid was gathered and put in a separatory funnel in a rotating evaporator
under vacuum at 45 °C. To lower solvent quantities to one-third of their initial levels, the
filtered liquid was separated five times using half volume chloroform to create two layers
(aqueous and chloroform layers). After the aqueous layer was extracted four times with
half volume using athyle acetate, the ethyl acetate layer was separated and evaporated
under decreased pressure at a temperature of no more than 45 °C, resulting in a yellow/
brown residue. After that, the extract is allowed to dry for a full day at room temperature
[16].

Stock Solution Preparation

To make a 100% concentration solution, dissolve 1 g of extracted material in 10 ml
of dimethyle sulfoxide (DMSQ). Sterilize the concentrated solution for each extract using
a Millipore microfiltration filter with a diameter of 0.22 mm, and then repeat the 5%
concentration [17].

Determination of Minimum Bactericidal Concentration (MBC)

On Mueller-Hinton agar, the bacteria were punched into wells with a diameter
of 6 mm. The wells were then filled with 100 pl of plant extracts, with DMSO serving as the
negative control. After the plates were incubated at 37 °C for 18 to 24 hours, the diameter
of the inhibition zones (mm) was used to estimate the antimicrobial activity. Every test
was conducted three times, and the average of the outcomes was calculated. Negative
controls were evaluated using the extraction solvents [18].

Genomic DNA Extraction

Genomic DNA was extracted from overnight bacterial cultures using the Geneaid kit.
After centrifugation, cells were lysed with GST buffer and Proteinase K at 60 °C, followed
by GSB buffer at 70 °C. Ethanol was added, and the lysate was applied to a GD column. The
column was washed with W1 and Wash buffers, then dried. Pure DNA was eluted with pre-
heated elution buffer. The primers of gene [18, 19] were listed in Table 1.

Table 1
Gene primer16Srna, fim-H estB
- Annealing Product Size
Gene name | Primer sequences
Temperature (bp)
CGAGTGGCGGACGGGTGAGT
JOSTANA 50°C 727 bp
-coli TCGACATCGTTTACGGCGTGGA

AACAGCGATGATTTCCAGTTTGTGTG
Fim-H 63 °C 465 bp

TTGCGTACCAGCATTAGCAATGTCC
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B RESULTS

41 (56%) of the 74 urine samples that were cultivated on blood and MacConkey agar
media had no culture. Staph. aureus 3 (4%), E. coli 21 (28%), M. catarrhalis 0%, P. aeruginosa
5 (7%), Kleb. pneumoniae 1 (1%), Ent. cloacae 3 (4%). Eosin-methyl blue medium, API
20E, and 16Srna were used to diagnosis E. coli bacteria, as shown in Figure 1. All isolates
contain fim-H gene see Figure 2.

Bioactive Phenolic Compounds
Minimum Bacterial Concentration (MBC). A very strong relationship emerged
between increasing concentration and the inhibition zone, with the highest average

Urine 74 sample

Kleb. pneumoniae,
1%

Ent. cloacae,

. 4%
P. aeruginosa,

7%

No growth
Staph. aureus

E. coli

E. coli,
28% No growth,

56% m Kleb. pneumoniae

M P. aeruginosa

M Ent. cloacae

Staph. aureus,
4%

Fig. 1. Result of urine culture

Fig. 2. Result of fim-H gene in E. coli

208 "Laboratory Diagnostics Eastern Europe", 2026, volume 15, No. 2

HA NEPBYIO HA CIEQYIOLLYIO HA NPEABIAYILYIO K COAEPKAHUIO




KnuHunyeckas mukpobuonorus /
AHTUOVOTNKOPE3NCTEHTHOCTD MPY MHGEKLMAX MOUYEBBIBOAALMX MyTe:
HOBbIe HarnpaBneHNA ee NPeofoneHNs
Clinical Microbiology / Antibiotic Resistance in Urinary Tract Infections: New Directions for Overcoming It ﬁ

Table 2
Statistical analysis of the MBC areas of the extraction of Phenolic compounds of tamarix aphyla
in bacteria, E. coli (At a probability level of <0.05)

No. Concentration MeanzSD (mm) p-value
E. coli 21 100% 17.8+3.4 <0.001
E. coli 21 75% 15.0+3.7 0.002
E. coli 21 50% 11.6+3.6 <0.001
E. coli 21 5% 7.9+3.0 <0.001
E. coli 21 10% 4.7+3.0 <0.001
E. coli 21 5% 1.241.8 <0.001

inhibition zones appearing at 100% concentration (17.8+3.4). These zones then gradually
decreased with decreasing concentration, reaching their lowest value (1.2+1.8) at 5%
concentration, result as shown in Table 2.

B DISCUSSION

Seventy-four urine samples were cultured on blood agar and MacConkey agar, and
bacteria were identified using various methods. E. coli was identified using eosin-methyl
blue medium, with a detection rate of 21% (28%), which is consistent with what was
reported with [20] E. coli formed of the total sample 21 (23.3%) in urine.

According to the information given, the Tamarix aphylla extract has strong, dose-
dependent, and statistically significant (p<0.001) antibacterial activity against Escherichia
coli. The mean zone of inhibition, which dropped from 17.8 mm at the highest
concentration to 1.2 mm at the lowest, clearly showed an inverse connection with extract
concentration This agrees with what was mentioned [21-23] earlier, where they showed
that the excitability increases with increasing concentration, and as the concentration
decreases, the effect decreases and the diameter of the inhibitory zones decreases.

The difference in response is due to the ability of the extract molecules to penetrate
the cell wall and produce an effect that increases with the number of extract molecules.
Increasing the concentration means increasing the number of molecules. Additionally,
Tamarix aphylla possesses several pharmacological properties, such as antibacterial and
anti-inflammatory effects. This is consistent with what he mentioned [24]. This activity is
pharmacologically supported by the rich phytochemical makeup of Tamarix species and
is consistent with their historic therapeutic usage.

B CONCLUSION

Tamarix aphylla possesses significant antibacterial activity against Escherichia coli
isolated from urinary tract infections. The phenolic extracts showed a clear concentration-
dependent inhibitory effect, with the highest antibacterial activity observed at the
maximum concentration. The presence of the fim-H virulence gene in all isolates highlights
the pathogenic potential of the studied strains and emphasizes the importance of
identifying effective alternative antimicrobial agents. Overall, Tamarix aphylla represents
a promising natural source of antibacterial compounds that may contribute to the
development of alternative treatments for antibiotic-resistant E. coli infections.
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