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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
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2. Size of the article, including index and resume in English, Russian and Georgian languages must
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3. Submitted material must include a coverage of a topical subject, research methods, results,
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version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Numerous studies have reported on the multi-drug resistance
of urinary tract infection (UTI)-causing bacteria, thus requiring
alternative solutions for this disease. In the past, UTIs were
often prevented and cured using medicinal plants. Thus, this
study evaluated the potential of Syzygium aromaticum or clove
extract to mitigate UTI caused by Klebsiella pneumoniae
using an animal model. In this study, 40 female rats were
randomly assigned into five groups, each comprising eight
rats: G1(negative control): Healthy, untreated rats; G2(positive
control): Rats infected by K. pneumoniae and untreated; G3(T1):
Rats infected with UTI using K. pneumoniae and subjected to
250 mg/kg/day clove extract orally thrice daily; G4(T2): Rats
infected with UTI using K. pneumoniae and subjected to 500
mg/kg/day clove extract orally twice daily, and G5(T3): Rats
infected with UTI using K. preumoniae and subjected to 750
mg/kg/day clove extract orally once daily. The experiment was
carried out for 10 days. Creatinine, urea, and complete blood
count (CBC) levels for the G2 group increased significantly (P
< 0.01) compared to G1. Meanwhile, there was a significant
decline (P <0.01) in all three parameters for the T1, T2, and T3
groups. Nonetheless, most parameters in the treatment groups
returned to normal levels after 10 days of therapy and were
comparable to G2. The scanning electron microscopy (SEM)
images demonstrated the distinctive effect of S. aromaticum on
K. pneumoniae infection, characterised by a rough or wrinkled
cell surface, deep pores, altered shape, cavitations, and cracks
with the leaking of intracellular contents. In summary, this study
demonstrated the potential of the hydroethanolic clove extract at
different doses and intervals as a promising alternative solution
to reduce bacterial resistance, which was primarily due to the
safety of active ingredients in the phytochemical extract.

Key words. Urinary Tract Infection (UTI), histopathological
changes, scanning electron microscopy, VITEK® 2 system,
Syzygium aromaticum, Klebsiella pneumoniae, plant extract.

Introduction.

Herbal medicine refers to the use of extracts from various
plant parts as prophylaxis and therapeutics for disease control.
The World Health Organisation (WHO) reported that more than
80% of healthcare needs in developing countries are met through
the utilisation of herbal medicine as an alternative therapy [1,2].
Numerous empirical studies have proven the pharmacological
properties of herbal plants, including anti-inflammatory,
antimicrobial, antioxidant, analgesic, bactericidal, fungicidal,
spasmolytic, sedative, local anaesthetic, virucidal, embalmment,
and food preservation [3] .Phytoconstituents found in plant
extracts, including terpenes, tannins, saponins, steroids,
alkaloids, glycosides, and flavonoids, are responsible for their
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beneficial properties [4]. More than 10,000 species of known
and classified terrestrial plants have medical applications [5],
including as a cure and prevention of urinary tract infections
(UTIs).

Plant extracts have demonstrated antimicrobial activities with
fewer reported side effects compared to synthetic drugs [6]. The
antifungal, antiviral, antibacterial, and anticarcinogenic abilities
of fragrant herbs such as thyme, cinnamon, mint, oregano, and
clove (Syzygium aromaticum, syn., Eugenia aromaticum or
Eugenia caryophyllata) are well-documented, particularly the
essential oils (EOs) [7]. Despite that, clove has been under the
spotlight more than other spices due to its richness in phenolic
compounds. The clove tree is native to east Indonesia and
belongs to the family Myrtaceae. Clove is known for its potent
antiparasitic, antimicrobial, anti-ulcerogenic, anti-thrombotic,
anti-inflammatory, and antioxidant properties [8,9]. Literature
has reported the use of this aromatic dried flower in Western
botanical medicine and Chinese traditional medicine [10]. In
dentistry, clove EO is used for emergency cases [11].

One of the major phenolic compounds in clove is eugenol and
its derivatives, which demonstrate antioxidant, anticancer, anti-
inflammatory, antimicrobial, antiviral, anti-nociceptive, wound
healing and insecticidal activities [12,13]. This phenylpropanoid
compound is also found in Cinnamomum spp., Origanum
vulgare, P. nigrum, S. aromaticum L., T. vulgaris, and Zingiber
officinale [14]. A phenylpropanoid derivative of eugenol
known as eugenyl acetate also exhibits antiviral, antimutagenic,
antibacterial, anticancer, and antioxidant properties [ 15]. Another
bioactive compound present in clove is f-Caryophyllene, which
is soluble in organic solvents such as ethanol but exhibits poor
solubility in water. This sesquiterpene demonstrated anticancer
properties against leukaemia, lymphatic, pancreatic, breast,
skin, cervical, and prostate cancer, besides exhibiting local
anaesthetic, antioxidant, anticarcinogenic, anxiolytic-like, anti-
inflammatory, and antimicrobial properties [16].

The UTI is caused by various microorganisms (uropathogens),
including bacteria, fungi, and viruses. Nevertheless, 95% of
UTI cases in humans are caused by bacteria [17], particularly
Klebsiella pneumoniae [18]. This bacterium also causes UTIs
in animals [19]. Numerous diseases are triggered by UTIs, such
as acute, chronic, and recurrent infections and asymptomatic/
symptomatic bacteriuria [20]. Over the years, there have been
increasing reports of antibiotic resistance against these UTI-
causing bacteria in developing and developed countries. This
situation poses a global threat, particularly for the widely used
beta-lactam antibiotics. Beta-lactamase enzymes [metallo-beta-
lactamases, AmpC beta-lactamase, extended-spectrum beta-
lactamase (ESBL) (MBLs)] have been identified as the primary
cause of antibiotic resistance [21,22], posing therapeutic
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challenges due to the limited treatments for UTIs. Thus,
researchers continue their efforts to develop novel solutions
to mitigate this illness [23]. The current study investigated
the ability of clove extract as an antimicrobial agent to inhibit
K. pneumoniae in rats with UTI. This study also observed
the effects of clove extract in minimising side effects and the
impacts on serobiochemical and blood indices of the infected
female rats.

Materials and Methods.

Plant extract preparation:

Clove buds were obtained from a local market in Ramadi
City, Iraq. Subsequently, the specimens were identified by the
personnel in charge of the herbarium in the College of Science,
University of Baghdad. Once the specimen had been confirmed,
the extraction process was carried out using an organic solvent,
70% hydroalcoholic ethanol. Firstly, the clove buds were rinsed
thoroughly and sterilised with distilled water before drying.
The dried cloves were then ground using a mechanical mortar
and put into powder form. In the next step, the homogenised
clove powder (150 g) was poured into hydroalcoholic ethanol
(500 ml). The mixture was incubated with a 25-cover magnetic
stirrer. After 48 h, the mixture was centrifuged for 10 mins at
5000 rpm, and clear filtrates were obtained after filtration using
a Whatman filter paper. The remaining biomass was discarded.
The next step involved the concentration of extracts using
the rotary evaporator (MRC -UK), which was later stored at
4°C until the subsequent experiment. The extract yield was
determined by Zaidiyah et al. [24] as follows:

Extract yield (%) = (R/S) *100

Where:
R: Weight of extract residue; S: Weight of raw sample

Bacteriological examination.

Bacterial isolates and identification:

Bacterial isolates were taken from hospitalized patients
and those with MDR characteristics were identified and
selected for the article that had been diagnosed from UTI via
routine methods and using the VITEK® 2 Compact B system
(bioM¢érieux, French) were identified from urine samples that
collected. Selective isolate was also tested for ESBL production
using NO45 cards for the VITEK®2 Compact B System. The
VITEK®2 Compact B System is an automated microbial
identification system that can be used for the metallo beta-
lacta-mases detection. The isolates were classified as MDR
based on established guidelines. The data were analyzed using
Clinical and Laboratory Standards Institute (CLSI) breakpoints
[25]. This step was carried out in the laboratory of Al-Ramadi
Teaching Hospital for Women and Children, Iraq. The
identification occurs by an overnight subculture of suspected
K. pneumoniae colonies was suspended in 2.5 ml of 0.45%
NacCl to prepare 1.5 x 10 CFU/ml (0.5 McFarland) bacterial
suspension in a 12 x 75 mm clear polystyrene test tube. The
bacterial density was adjusted with the aid of a densitometer
(Densicheck®, Biomerieux). The prepared bacterial suspension
was loaded into the VITEK® 2 system by Gram-negative rods
card (GNR) to read the kinetic fluorescence measurements. The
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results were obtained within 3 h [26]. The K. pneumoniae pure
culture was streaked on the brain heart infusion slant before
being incubated for 24 h at 37°C. The number of Gram-negative
K. pneumoniae isolates growing on the media should exceed the
weak or dead bacterial population to indicate that the bacterial
culture has entered the log phase [27].

Experimental design:

The animal study was conducted in a laboratory at the
Department of Physiology and Pharmacology, College of
Veterinary Medicine, University of Fallujah, Iraq. Firstly, 40
female rats were randomly assigned into five groups, each
comprising eight rats. The rat age ranged between 10—12 weeks,
and their weight was between 250 and 280 g. The rats were
handled with care to avoid unnecessary stress. All rats were
examined to ensure that they were healthy and disease-free.

Group 1 (Negative control): Healthy rats.

Group 2 (Positive control): Rats infected with UTI using K.
pneumoniae without treatment.

Group 3 (T1): Rats infected with UTI using K. pneumoniae
and subjected to 250 mg/kg/day clove extract orally thrice daily
for 10 days.

Group 4 (T2): Rats infected with UTI using K. pneumoniae
and subjected to 500 mg/kg/day clove extract orally twice daily
for 10 days.

Group 5 (T3): Rats infected with UTI using K. pneumoniae
and subjected to 750 mg/kg/day clove extract orally once daily
for 10 days.

Ethical Approve:

According to the proposals, recommendations and approval of
this committee, were approved by Veterinary Medicine College
\ Scientific Research Ethical Committee in Fallujah, Iraq gave
permission for the study methods involving lab animals' rats
(approval number 2, dated 23-3-2024).

Haematological methods for complete blood count (CBC):

At the end of the experiment, whole blood samples were
collected from each rat and placed in ethylenediaminetetraacetic
acid (EDTA) anticoagulant tubes (AFCO, Jordan). The blood
samples were subjected to haematological analysis using the
automated haematology analyser, and the settings were changed
to rat samples. The haematological parameters analysed include
packed cell volume (PCV), red blood cells (RBCs), white
blood cells (WBCs) and differential WBCs count, and mean
corpuscular volume (MCV).

Serobiochemical methods:

Blood samples collected from each rat before, during, and
after the treatment period were allowed to clot, which were
later centrifuged (Hettich, Germany) for 5 min to obtain the
sera. The sera samples were placed in a -20°C freezer until
use. The enzyme activity assessment was conducted following
the instructions of the Roche Diagnostic Hitachi 902 Analyser
(Germany, 2019). The data obtained from this analysis include
urea and creatinine data.

Statistical assessment:

The Statistical Analysis System- SAS (2018) program was used
to detect the effect of difference factors in study parameters, the



probability mean was measured as P < 0.01 significance; Least
significant difference-LSD was used to significant compare
between means (ANOVA/ one and two way) in this study.

Results.

Clove (S. aromaticum) extract:

Hydroalcoholic ethanol has a higher polarity (5.2) than other
organic solvents [petroleum ether (0.1), dichloromethane (3.1),
acetone (5.1) [28], thus selected as the organic solvent to extract
active phytochemicals from cloves in the present study.

The resulting clove extract had a reddish-brown appearance
with a yield of 20%, as shown in Figure (1). The yield of extract
was calculated as recommended by Zaidiyah et al. [24].

{m

Figure 1. Extraction of Syzygium aromaticum using hydroalcoholic
ethanol yielded reddish-brown powder.

Yield of extract (%) = Weight of extract (g) / Weight of S.
aromaticum (g) %< 100

=30g/150 g x 100

=20%

The yield obtained in this study was slightly higher than a
study conducted by Tanko et al. [29], which recorded a recovery
extract yield of 18.2 % (w/w).

Bacteriological examination

Induction of experimental infection:

The K. pneumoniae infection was performed following Zykov
(2020) with modifications. A volume of 0.1 ml (2.6 x 10°) CFU/
ml bacteria suspension was inoculated through the rat's extra
urethral orifice once (1.0 cm into the urethra), as shown in
Figure 2.

Figure 2. K. pneumoniae infection induced through the rat's urethral

orifice.
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Bacteria identification via VITEK"® 2 compact system:

The mechanistic, fluorescence-based VITEK® 2 compact
system is used for accurate and rapid identification of clinically
important bacteria isolates [30]. Table 1 presents the results
obtained from this analysis. The system confirmed the presence
of K. pneumoniae through the spectrophotometric reading,
particularly the bacterial-substrates biochemical reactions
(loaded to the Gram-negative card). The isolates achieved an
excellent identification level with a probability of 91% based on
the technical datasheet. Furthermore, the results were consistent
with an earlier study by Al-Baer and Hussien [31] where the
isolated K. pneumoniae was 90 % similar to the K. pneumoniae
in the standard Gram-negative card. A highly accurate detection
method is crucial in the clinical field to confirm the predominant
bacterial isolate that causes the disease and determine the course
of action or antibacterial agent to treat the UTI [32]. According
to Liu et al., [33] the decreased food consumption among UTI
patients was linked to K. pneumoniae lipopolysaccharide (LPS),
which triggers acute bacterial infection symptoms such as fever
and anorexia. Moreover, this endotoxin alters the morphology
of the digestive tract, such as the intestines, thus reducing food
intake. Therefore, anorexia during infection potentially aims
to limit nutrient availability that fuels pathogenic organism
development. ESBL generation was found in this isolate based
on their susceptibility to various antibiotics. Every strain known
to produce ESBL is multidrug resistant (MDR) [34].

Evaluation of CBC values of female rats:

Table (2) presents the CBC results after the statistical analysis.
The WBC and neutrophil levels of rats in the T1 and T2
groups returned to normal post-treatment, and the values were
comparable to the healthy rats (G1 group). Meanwhile, there
were significant increases (P < 0.01) in all infected groups 2
(positive control group). A statistically significant difference (P
<0.01) were also observed in RBC, MVC levels between the G2
and T1 groups, which did not return to normal levels at the end
of the experiment. Conversely, the RBC, MCV levels of T2 and
T3 returned to normal after the 10-day treatment, and the value
were comparable to that of healthy rats (G1 group). Meanwhile,
PCV levels between T1, T2, and T3 groups did not exhibit
significant differences (p > 0.01). There WBC, Neutrophil and
were a significant decrease (P < 0.01) for the treatment groups
T1, T2, and T3 for the cohorts compared to the G2 groups and
reach to the normal value such in G1.

Determination of serum creatinine concentration (mg/dl)

Table 3 presents the mean serum creatinine values of female
rats after 10 days. The serum creatinine concentrations of all
animals were similar (p > 0.01) and within the normal range
before the infection, indicating their good health status. Serum
creatinine levels of G2 (0.48 mg/dl), T1 (0.49 mg/dl), T2 (0.47
mg/dl) and T3 (0.48 mg/dl) groups were significantly different
(P <0.01 from G1 (0.27 mg/dl) group (negative control) after
two days of infection. The mean creatinine values in the T2 (0.35
mg/dl) and T3 (0.32 mg/dl) groups decreased after five days and
returned to normal without significant difference (p > 0.01) with
the G1 group (0.27 mg/dl). Conversely, the creatine levels were
significantly different (p > 0.01) between T2 and T3 groups from



Table 1. VITEK® 2 system results for the biochemical reactions and sensitivity test of K. pneumoniae samples.

Identification information Analysis time: 4.83 h Status: Final
. 91% probability Klebsiella pneumoniae

Selected organism Bionumber 0405610670526210
ID analysis messages
Susceptibility Analysis Time: 8.73 hours Status: Final
information

Antimicrobial MIC Interpretation Antimicrobial MIC Interpretation
Ticarcillin > 128 R Amikacin 16 *1
Tlcarcﬂhp/ . >128 R Gentamicin 8 I
Clavulanic acid
Piperacillin >128 R Tobramycin >16 R
Piperacillin/ . .

>

Tazobactam 16 S Ciprofloxacin >4 R
Ceftazidime 16 R Pefloxacin
Cefepime > 64 R Minocycline <0.5 S
Aztreonam > 64 R Colistin
Imipenem <25 S Rifampicin
Meropenem <25 S Trimethoprim/Sulfamethoxazole > 320 R

Advanced Expert System (AES); minimum inhibitory concentrations (MIC); S: sensitive; R: resistant; iR: intermediate resistant.

Table 2. The CBC values of female rats infected with K. pneumoniae.

Groups WBC Neutrophil RBC MCV PCV
Group 1 25.75+£3.23 7.62+0.076 9.72 £ 0.69 59.75+£0.85 4425 +2.05
Negative control AB B A A BC
Group 2 37.65+1.22 10.37 £ 0.33 5.10+7.59 36.75 +0.25 56.0+2.16
Positive control A A C C A
Group 3 (T1) 28.22 £8.12 7.35+0.86 8.87+£0.27 53.07 £0.04 48.0 £ 0.47
250 mg/2ml/Thrice daily orally AB B B B B
Group 4 (T2) 26.3+0.07 8.01 £0.07 9.95+0.21 58.9+0.37 40.01 £0.38
500 mg/2ml/Twice daily orally AB B A A BC
Group 5 (T3) 25.2+0.04 7.91+0.05 9.68 +£0.34 57.5+0.22 42.06 +0.17
750 mg/2ml/Once daily orally AB B A A BC

5.62 2.03 1.01 2.62 9.12

- Values represent mean + standard error (SE).

- Means with different capital letters in the same column are significantly different.

-*(P<0.01).

- White blood cells (WBC), red blood cells (RBC), mean corpuscular volume (MCV), packed cell volume (PCV), east significant difference (LSD)
least significant difference.

Table 3. Serum creatinine levels of female rats infected with UTI using K. pneumoniae and administered orally with S. aromatic (clove) extracts
at different doses for 10 days.

Creatinine (mg/dl) Mean + SE
Groups Period

Before infection After 2 days of UTTinduction After 5 days of treatment After 10 days of treatment
Group 1 0.29 +£0.05 0.27 £ 0.04 0.27 £0.03 0.28 +£0.04
Negative control A a C a C a B a
Group 2 0.28 £0.03 0.48+0.07 0.64 +0.07 0.89 +0.08
Positive control A ¢ B a A ab A a
Group 3 (T1) 0.27£0.02 0.49 +0.05 0.40 £ 0.05 0.31 +£0.04
250 mg/2ml/Thrice daily orally A ¢ B a B ab B a
Group 4 (T2) 0.28 £0.04 0.47 £ 0.04 0.35+0.03 0.29 +0.03
500 mg/2ml/Twice daily orally A b B a B ab B b
Group 5 (T3) 0.28 £0.06 0.48 +£0.03 0.32+£0.02 0.25£0.06
750 mg/2ml/Once daily orally A b B a B b B b
LSD value 0.135

- Values represent mean + SE

- Means with different capital letters in the same column and small letters in the same row are significantly different.
- *P<0.01).

- Urinary tract infection (UTI); least significant difference ((LSD)).
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Table 4. Serum urea concentration (mg/dl) of female rats infected with K. pneumoniae.

Urea (mg/dl) Mean + SE
Groups Period

Before infection After 2 days of UTI induction After 5 days of treatment After 10 days of treatment
Group 1 27.01+1.73 26.91 +1.33 25.92+1.73 26.45+1.05
Negative control A a C a C a C a
Group 2 25.33+1.08 42.45+2.27 53.10+1.08 70.27 +3.06
Positive control A d A ¢ A b A a
Group 3 (T1) 27.47 +1.07 44.06 £2.52 4045+ 1.42 3515+ 1.76
250 mg/2ml/Thrice daily orally A b A a B a B a
Group 4 (T2) 26.79 = 1.42 43.12+1.97 32.88 +1.66 29.87 +1.20
500 mg/2ml/Twice daily orally A ¢ A a C b C c
Group 5 (T3) 25.87+1.42 42.30+0.99 30.81 + 1.66 25.36 +1.20
750 mg/2ml/Once daily orally A c A a C b C c
LSD value 2.15

- Values represent mean + SE.

- Means with different capital letters in the same column and small letters in the same row are significantly different.

-*P<0.01).
- Urinary tract infection (UTI); least significant difference (LSD).

the G2 group. At the end of the experiment, the T2 (0.29 mg/
dl) and T3 (0.25 mg/dl) groups exhibited a further reduction in
creatinine concentration from the G1 (negative control) group,
but without significant difference (p > 0.01). Conversely, the
T2 and T3 groups' creatinine levels were significantly different
from the G2 (positive control) group after 10 days.

Determination of serum urea concentration (mg/dl):

Table 4 demonstrates the mean values of serum blood
urea concentration in female rats. The blood serum urea
concentration in each group was within the normal range before
the infection, without significant differences (p > 0.01) between
groups. At two days post-infection, the levels of blood serum
urea in all UTI rats increased significantly (P < 0.01) except in
the negative control group. The serum urea values of T1 (40.45
mg/dl), T2 (32.88 mg/dl), and T3 (0.33 mg/dl) groups decreased
significantly (P < 0.01) compared to G1 and did not return to
normal after five days of treatment. Nevertheless, the serum
urea levels decreased significantly (P < 0.01) after 10 days of
treatment in T2 (32.88 to 29.87 mg/dl), and T3 (30.81 to 25.36
mg/dl) groups compared with healthy rats (G1 group) (26.45
mg/dl) and returned to the normal range. In contrast, the T1
group serum urea levels did not return to normal levels after
10 days of treatment. Meanwhile, the serum urea concentration
of infected and untreated rats (G2 group) was 70.27 mg/dl and
continued to increase compared to the rest of the groups.

Clinical signs:

Before the infection was introduced, all rats were healthy, with
normal faeces and yellow urine. At two days post-infection,
the UTI rats were anorexic, dehydrated, and the colour of
their urine was dark yellow. After three days of infection,
abnormally frequent urination began to increase gradually.
The urine of infected rats was also foul-smelling and cloudy.
Behavioural changes were evident in T2 and T3 groups after
day 5 of treatment, exhibiting faster recovery and compering.
These changes were less apparent in the T1 group. The clinical
signs improved recovery and returned to normal after 10 days
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of treatment for treated groups, particularly in the T2 and T3
groups.

SEM results:

The SEM results demonstrated that the K. pneumoniae in the
positive control group (G2) were clustered and appeared normal
in size, short and rod-shaped. In contrast, bacterial cells treated
with 100 mg/kg clove extract (T1 group) were elongated with
particles observed around their surfaces. The cells appeared
rough and filamentous on their surfaces, with intracellular
contents leaking out (Figures 3 and 4). The K. pneumoniae
cells in the T2 and T3 groups appeared crumpled with grooves
and deep pores on the cell surface. The bacterial cell division
was also abnormal. Furthermore, the cell membrane was also
damaged, indicated by loosened cell walls, shrinkage, and
convoluted surfaces (Figures 5 and 6).

Figure 3. The SEM image for the positive control group (G2) showed
K. pneumoniae cells as clustered, rod-shaped, and normal in size with
smooth and intact cell surfaces.



97.08 nm

Figure 4. The SEM image demonstrates the effect of S. aromaticum on K. pneumoniae in the T1 group. The bacterial cell was elongated and
deformed with rough surfaces, and the intracellular contents leaked out.

Figure 5. The SEM image illustrates the effect of S. aromaticum on K. pneumoniae in the T2 group. The bacterial cell was deformed and altered
with extensive cellular debris, decomposition of inner organelles on cell surfaces, and the leaking out of intracellular contents.

Figure 6. The SEM image illustrates the effect of S. aromaticum on K. pneumoniae in the T3 group. The bacterial cells had rough or wrinkled cell
surfaces, deep pores, altered shape, cavitations and cracks with intracellular contents leaking out.
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Figure 7. A section of the bladder of from the untreated rat (positive control group). The image shows moderate inflammatory cell infiltration
around and in congested blood vessels (arrow)(H & E stain, 40 x magnification).

Figure 8. A section of the urinary bladder of rat (T1 group). The image demonstrates moderate inflammatory cell infiltration between the muscular
layer (arrow)(H & E stain, 40 x magnification).

Figure 9. A section of the urinary bladder of the T2 group. The image illustrates moderate inflammatory cell infiltration between muscle fibre (H
& E stain, 40 x magnification).
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Figure 10. A section of the urinary bladder of rats in the T3 group.
The image indicates no clear lesion (H & E stain, 40 X magnification)

Discussion.

Bacterial resistance to chemical antibiotics continues to rise,
posing a threat to human and veterinary health globally. Thus,
researchers continue their search for alternative solutions to
eradicate resistant microbial strains [35]. One of the most
promising avenues to mitigate bacterial resistance or to create
synergistic effects with antimicrobial drugs is phytotherapy and
herbal medicine [36]. It is common for Klebsiella pneumoniae
to show resistance to B-lactam drugs and from one of the
most important explanations I found is what the researchers
mentioned in their article, and I went to the same explanation
and the same direction regarding selected isolation. The
formation of B-lactamases, the most important of which are
cephalosporinases, including carbapenemases and extended-
spectrum B-lactamases, is the main way that this resistance is
shown [37]. The rise of multi-drug-resistant bacteria has been
correlated with four resistance mechanisms that bacteria use
to lessen the effects of antibiotics [33]. Antibiotic enzyme
modification and deactivation are the basis for the first;
restricted access to drug targets is the basis for the second;
drug target alteration or perhaps target extinction is the basis
for the third; and physical resistance is the basis for the fourth
[38]. Despite the bacteria's considerable amount of antibiotic
resistance, the isolate of the bacteria in this study was shown
to be positive for extended-spectrum beta-lactamases [34]. This
suggests that distinct resistance pathways may be present in the
remaining isolates. So, it was used, and the idea is how to get rid
of resistance using cloves because of its distinctive components
to get rid of bacterial resistance.

Earlier studies have reported the potential of clove extract
to inhibit broad-spectrum pathogen activity. The antibacterial
mechanism of this herbal plant is linked to the meta and ortho
hydroxyl (-OH) groups in the chemical structure, which possess the
ability to alter the microbial cell's cytoplasmic membrane [39-41].

Studies have shown that clove EO can inhibit Gram-positive
bacteria (L. monocytogenes, S. aureus, Streptococcus), Gram-
negative bacteria (Agrobacterium, Pseudomonas aeruginosa,
Erwinia carotovora, K. pneumoniae, Salmonella), yeast [39-
41] and fungi (Aspergillus flavus, A. parasiticus, A. ochraceus,
Penicillium, C. albicans).
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Eugenol, the main component of clove (Syzygium aromaticum),
is a powerful bioactive ingredient that makes it a popular
therapeutic plant. Eugenol, along with other components
including B-caryophyllene and eugenyl acetate, has a significant
impact on the pharmacokinetics and pharmacodynamics of
clove extract [4].By the gastrointestinal system absorbs eugenol
quickly. This supports and agrees with what we found in group
T2, which was more suitable and exactly pharmacologically in
group T3. Peak plasma levels of Eugenol are usually reaching
rapidly plasma and blood with mean half-lives of 14.0 h and
18.3 h, respectively after oral dosing so that after repeated daily
dosages, a cumulative effect has been proposed and linked to
the reduction of pain and inflammation; Eugenol's lipophilia
contributes to it being easier for biological membranes to absorb
it [42,43]. Eugenol is widely distributed throughout bodily
tissues, such as the liver, kidneys, and central nervous system,
as a result of its lipophilicity. It has analgesic and anesthetic
effects because it easily passes the blood-brain barrier and
excreted by kidney [44].

The lipophilic properties of clove EO can permeate cell
membranes and interact with phospholipids, fatty acids,
and polysaccharides. This mechanism of action results in
cell death due to the leaking out of cellular contents, proton
pump disruption, and compromised structural integrity of the
cellular membrane. Furthermore, cloves extract demonstrated
anti-inflammatory activities, inhibiting tissue remodelling
and pro-inflammatory protein expression such as cytokines,
cyclooxygenase (COX-2), nuclear factor kappa B (NF-kB),
prostaglandin synthesis and neutrophil chemotaxis, besides
suppressing inflammatory biomarkers [45-47].

This study investigated the potential of clove extract as
a substitute for conventional antibiotics against UTIs. It is
generally accepted that clove and its essential oil is safe to
take at levels below 1,500 mg/kg. However, according to the
World Health Organization (WHO), humans can consume 2.5
mg of cloves per kilogram of body weight each day [48]. The
dosages of the hydroethanolic clove extract used in this study
were chosen based on earlier findings in an in vitro experiment,
which demonstrated positive results in the current animal
study post-infection and treatment. For instance, the CBC
analysis showed that female rats infected by K. pneumoniae and
treated with clove extracts at various doses improved in most
parameters, where some values were better than the healthy
rats (G1 group) One of the most important things mentioned
and will be explained is what we have reached in our article,
especially with regard to the treatment of RBC MCV and for
the T1 group and comparing it with T2 ,T3 and G1, which is
what one of the researchers explained that the effects of acute
and chronic damage to the kidneys in rats were examined in
a study conducted by Garrido et al. [49]. When compared to
control groups (G2), the results showed that rats with renal
injury had significantly lower and red blood cell (RBC) counts
and MCV. Elevated hepcidin levels, which can prevent iron
availability for erythropoiesis, and abnormalities in iron
metabolism were linked to this anemia. Furthermore, Urea and
creatinine are essential laboratory indicators for evaluating
renal function and may offer indirect indications of urinary
tract infections (UTIs) and their possible advancement to renal



involvement [50,51]. Urea and creatinine levels in the T2
and T3 groups returned to the normal range after 10 days of
treatment, and the values were comparable with the healthy rats
(G1 group). Similarly, Haro-Gonzalez et al. [43] reported that
clove extract exhibited antimicrobial effects by destabilizing
the integrity and permeability of the cell membrane, rupturing
the phospholipid membrane, and inhibiting cell growth. These
mechanisms eventually led to cell death caused by disruption
in enzymatic activities, protein translocation, electron transport,
and phosphorylation.

The SEM observation aligns with the findings of Justice e?
al. [52], where bacterial filamentation is deemed a survival
mechanism of bacterial cells to maintain morphological plasticity
under stress. As a similar observation was reported in a study
using cinnamon bark EO against pathogenic Porphyromonas
gingivalis, with clear damage to the membrane integrity and cell
permeability [53].

Earlier studies have reported the efficacy of clove oil obtained
from different extraction methods against K. preumoniae
[54,55], yielding similar results to the current study. Clove
oil administration promoted antimicrobial activity against
organisms without depressing the lysozyme activities or the
mammalian innate immunity [56]. In the present study, clove-
treated groups experienced a surge in lysozyme activity and
nitric oxide, potentially due to enhanced innate immunity.
Activated macrophages and neutrophils contain inducible nitric
oxide synthases (iNOS) to generate nitric oxide in abundance
when the host is under immunological duress [57,58]. In
addition, phagocytes synthesise reactive oxygen and nitrogen
species to neutralise the invading organisms [59] to boost the
host's defence mechanism.

Hydroalcoholic clove extract potentially possesses bioactive
compounds that can destroy or hinder WBC production by
either inhibiting regulatory factor synthesis, impairing stem
cell sensitivity or eliminating WBC directly [10,60]. A study
reported that rats with UTI caused by K. pneumoniae developed
early clinical signs such as appetite loss, fever, foul-smelling
and cloudy urine, and the inability to rise body in less than 24—
48 h [61]. Anorexia is also a common occurrence in infection,
implying that this condition may be an integral component of the
acute phase response that influences negative nitrogen balance
and weight loss [62]. This hypothesis was proven when rats
inoculated with K. pneumoniae endotoxin exhibited reduced
food consumption and elevated body temperature [63]. In the
present study, the clove-treated groups returned to their normal
condition after 10 days. Conversely, rats in the positive control
group became dehydrated due to frequent urination, loss of skin
elasticity, weight loss, thinness, laboured breathing, and coarse
fur, which aligned with previous findings [64].

The rat's bladder tissues were examined microscopically for
morphological changes caused by pathogenic K. pneumoniae.
The histopathological examination of the G2 group (positive
control) indicated changes in the renal corpuscular components
and more dilatation in the Bowman's spaces. This lesion
appears in the highly severe and advanced stage of infection,
characterised by the severe infiltration of inflammatory cells
around and in congested blood vessels (Figure 7). Likewise,
Joshua et al. [65] revealed that K. pneumoniae and E. coli are
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major causes of hemolytic uremic syndrome that affects all ages.
This renal disease is associated with severe UTI, cystitis, and
pyelonephritis. Meanwhile, infected rats that received 250 mg/2
ml clove extract thrice daily for 10 days exhibited congested
and dilated blood vessels. The presence of oedema and mild
infiltration of inflammatory cells between muscle fibres were
also evident in this group (Figure 8). This observation is
similar to those reported by Samir and Orooba [66], which
included infiltration of inflammatory cells, tubular dilatation,
Bowman's space dilation, necrosis, and congestion. These
results may be attributable to renal injury in the kidney due to
bacterial endotoxin production and incomplete eradication of
ciprofloxacin against pathogenic bacteria [67].

The histopathological findings of rats treated with 500mg/2ml
twice daily of extract for 10 days indicated improved
inflammation and less severe histopathological changes with
mild inflammatory cell infiltration between renal tubules
(Figure 9). Meanwhile, the bladder morphology of rats treated
with 750mg/2ml cove extract once daily for 10 days had no
clear lesions and resembled that of healthy rats (negative
control) (Figure 10). The inhibition of lipopolysaccharide-
induced inflammatory response may explain the anti-
inflammatory mechanism of clove extract. Lipopolysaccharide
is a pro-inflammatory mitogen produced by bacterial pathogens
during infection. The presence of polyphenolics in clove extract
may prevent lipopolysaccharide-stimulated macrophages from
expressing COX-2 [68]. Moreover, a study has reported that a high
molecular weight of clove extract fraction inhibited macrophages
from generating interleukin (IL)-1pB, IL-6, and IL-8, which are
lipopolysaccharide-induced inflammatory cytokines [69].

Conclusion

This study highlighted the potential of clove hydroethanolic
extract as an antibacterial agent against K. pneumoniae isolated
from urine samples of with UTIs. The study findings indicated
the potency 500 mg/kg/day clove extract orally twice daily
and 750 mg/kg/day clove extract orally once daily, which
demonstrated significant antibacterial activity in female rats
with UTI caused by K. pneumoniae. Earlier studies have also
reported encouraging results in reducing bacterial resistance
when combining clove extract with existing antibiotics.
Therefore, future studies are recommended to explore the
potential use of clove extract to create new antibiotics due to the
reduced drug interaction and safety of photochemical extract.
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