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Abstract

Introduction. In recent years, there has been a growing inclination in using Algae extracts
to treat various illnesses. This is predominantly due to the rise in resistance of pathogenic
bacteria, which affectedness a significant health anxiety for individuals in both developed
and developing countries, to overcome this, must searching for new antimicrobial agents,
especially of natural origin.

Purpose. To highlight the ability of Cladophora extracts to provide advanced solutions
for combating harmful microorganisms such as E. coli and Staphylococcus aureus isolated
from urinary tract infections.

Materials and methods. Cladophora extracts were prepared by successive maceration
in two solvents; namely, ethanol, and hexane by using Ultrasonic Bath. The extracts were
filtered, intense, and stored in sterile conditions. Antimicrobial activity was evaluated
using varying concentrations (25, 50, 75, and 100 mg/mL) against bacterial strains
Staphylococcus aureus and E. coli by the Kirby-Bauer disk diffusion method. The bioactive
compounds in each extract were also identified using a GC-MS device.

Results. All extracts showed a high inhibitory ability on the growth of E. coliand S. aureus
the highest inhibition zone was recorded in Ethanol extract at a concentration of 100% on
E. coli with a mean of 161 mm, while S. aureus 11.8+0.44 mm, and recorded in Hexane
extract at a concentration of 100% on S. aureus 13.4+1.14 mm, while E. coli 14.6+0.89 mm,
then the activity decreased for both extracts with decrease concentration. The ethanol
extract showed activity against E. coli and Staph. aureus at all concentrations. On the
other hand, the hexane extract showed activity against E. coli and Staph. aureus at all
concentrations. Several active chemical compounds in each extract were also identified
using GC-MS.

Conclusion. These findings present new insights into the ability of the green algae
Cladophora spp. as a valuable source of antibacterial.
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Pesiome

BBepeHue. B nocnegHvie rogbl HabnoOaeTCs TEHAEHUUSA K YBENIMYEHWNIO NCMONb30BaHNA
3KCTPAKTOB BOZOPOCSIEN /s IeUeHUs PA3NINYHbIX 3a6051eBaHU. ITO 0OYC/IOBAEHO INaB-
HbIM 00PA30M POCTOM PE3NCTEHTHOCTU NATOTEHHbIX OAKTEPWIA, UTO BbI3bIBAET CEPbE3HYIO
06eCNOKOEHHOCTb MO NMOBOAY 340POBbA NIOAEN KaK B Pa3BUTbLIX, TaK 1 B Pa3BUBAOLLMXCSA
CTpaHax. [1na npeononeHns 3Tol NpobsiemMmbl HEO6XOANM MOVCK HOBbIX aHTUMUKPOOHbIX
npenapaToB, 0COGEHHO NMPUPOLAHOTO MPOUNCXOXKAEHUS.

Lenb. MoguepkHyTb CMNOCOOHOCTb 3KCTPAKTOB Kiagodopbl obecrneurBatb nepenoBble
pelweHus B 6opbbe ¢ BpeaHbIMM MUKPOOPraHN3MaMu, TakMMM Kak KULIEeYHas nanovka u
30/10TUCTbIV CTaPUIOKOKK, BbiAENEHHbIMU NPY UHGEKLMAX MOYEBBIBOAALLMUX NYyTEN.
Matepuanbl 1 meToAbl. JKCTPaKTbl Knagodopbl 6biM NOyYeHbl NyTeM MOCIefoBa-
TeNbHOW Mauepauun B ABYX PacTBOPUTENAX: 3TaHOME W rekcaHe, C UCNOJSib30BaHMEM
YNbTPa3BYKOBOW BaHHbI. DKCTPAKTbl ObUI OTGUIBTPOBaHbI, MOABEPTHYTbl MHTEHCUBHOW
06paboTKe M XPaHWINCh B CTEPUIIbHBIX YCNIOBUAX. AHTUMUKPOOHYIO aKTMBHOCTb OLie-
HUBaNM, UCNONb3yA pasfinyHble KOHUeHTpauun (25, 50, 75 n 100 mr/mn) B OTHOLUIEHWN
wrammoB bakTepuin Staphylococcus aureus u E. coli gucko-gudpdysmoHHbIM meTogom
Knpbu-bayspa. brioakTBHbIE COEAMHEHUSs B KaXKAOM IKCTPAKTE TaKkKe naeHTudunumpo-
Basiv C nomoulbto npubopa MNX-MC.

Pe3ynbraTbl. Bce 3KCTpaKTbl NPOAEMOHCTPMPOBANIN BbICOKYIO UHIMOMPYIOLLYIO CMOCO6-
HOCTb B OTHowWeHuK pocTa E. coli u S. aureus. Hanbonbluas 30Ha MHrMbrpoBaHuA Obina
3aperncTpupoBaHa B 3TaHOJIbHOM 3KCTpaKTe npu KoHueHTpauun 100% ana E. coli co
cpegHum pasmepom 161 mm u S. aureus 11,8+0,44 Mmm, a TakKe B reKCAHOBOM 3KCTPaKTe
npu KoHueHTpaumn 100% ana S. aureus 13,4+1,14 mm 1 E. coli 14,6+0,89 mm. 3aTem akTUB-
HOCTb CHUXKanach A 060UX IKCTPAKTOB C YMEHbLUEHUEM KOHLEHTPALMMN. DTaHOMbHbIN
SKCTPAKT NPOABUI aKTUBHOCTb NpoTuB E. coli u S. aureus Bo Bcex KOHLEHTPaLUSIX, Kak
M TEKCAHOBbIN 3KCTPaKT. HECKONBbKO aKTUBHbBIX XMMUYECKNX COEAUHEHNIN B KaXKOOM SKC-
TpaKTe ObINM TakXKe naeHTUGULMPOBaHbI ¢ moMollbio MX-MC.

3aknioveHue. [NonyyeHHble pe3ynbraTbl NPOAEMOHCTPUPOBANN, YTO 3efieHble BO4OopOC-
nu Cladophora spp. ABNAIOTCA LeHHbIM MCTOYHUKOM aHTUOAKTepUabHbIX BELWECTB.
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B INTRODUCTION

Urinary tract infection (UTI) is a common bacterial and fungal infection that affects
individuals of all ages and both of sex in the worldwide [1]. It is one of the most common
infections in local primary care [2]. UTl is a common contagion among men and women
but the incidence is quite high among women due to their physiology [3-5]. The
examination of the clinical symptoms of UTIl in a patient depends on the anatomical
region, microorganisms, severity of infection and the patient’s immune system [6].

The emergence of drug-resistant strains of bacteria and fungi has further complicated
the management of UTIs [7]. The extensive, frequent and inappropriate use of antimicrobial
agents have invariably resulted in the development of antibiotic resistance which, in
recent years, has become a major problem international [8]. In recent years, there has
been a growing trend in using Algae extracts to treat various ailments, this is particularly
due to the rise in resistance of pathogenic bacteria [9]. Algae-derived chemicals possess
distinctive pharmacological characteristics, including cost-effectiveness, reduced toxicity,
diminished side effects, and a lower likelihood of resistance development [10].

Cladophora Algae is capable of producing different kinds of antioxidant, carotenoid,
enzyme polymer, lipid, natural dye, polyunsaturated fatty acid, peptide, toxin and
sterols [11]. Some of the high-value bioactive compounds produced by Algae are
acetylic acids, B-carotene agars, agarose, alginates, carrageenan’s, polyunsaturated fatty
acids, vitamin B, keto-carotenoid astaxanthin, and lutein that can using in synthesis
of antimicrobial, antiviral, antibacterial and anticancer drugs [12]. The chemical
composition of Algae includes lipid at 20-30%, protein around 50%, carbohydrate
20-30% and other compounds account for approximately 5%, the market value depends
on the concentration and amount of the essential amino acids, poly saccharides,
polyunsaturated fatty acid and number of essential vitamins, also, the value depends
upon the application, or what is the purpose of the use of algae and compared to similar
alternative sources of this product [13].

Cladophora spp.

Cladophorais a group of macroscopic green algae that includes more than 183 species
and widely distributed in both marine and freshwater ecosystems [14]. Also called blanket
weed (Kelly and King, 2007). The common name of this species is Mekong weed [15]. The
genus Cladophora includes filamentous green algae sparsely, or densely branched, and
often taking a bushy cushion-like or globular form [16]. This alga contains a high amount
of carbohydrates, minerals, and proteins and is characterized by high moisture - typically
around 90% [17]. Also, this moss contains abundant flavonoids, alkaloids phenols,
tannins, fatty acids, sterols, and terpenoids. [18]. Polysaccharides, polyphenols, terpenes,
carotenoids, and phycobiliproteins are some of the anticancer bio-constituents present in
algae [19] They contain photosynthetic pigments common chlorophyll a, chlorophyll b,
carotene, xanthophyll. Quantitative and qualitative analysis of basic protein amino
acids in Cladophora cells showed the presence of 18 amino acids [20]. Cladophora are
rich in phytochemical compounds that can be exploited for sustaining both human and
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animal health [18]. Cladophora possesses numerous biologically active properties and is
regarded as one of the most essential medicinal algae as an antibacterial, antifungal, and
anti-inflammatory agent, anti-diabetic, anti-oxidation, anticancer, anti-hypertensive, and
cytotoxicity activities [19]. The use of Cladophora in medicine and pharmacology is one
of the most profitable promising ways to utilize the biomass. Cladophora biomass is an
unlimited, low cost and valuable resource for medicine and pharmacology [21].

B MATERIALS AND METHODS

Algae samples collection and processing

The study involved the collection and preparation of Cladophora Algae from the
marshes of Suq Al-Shuyukh, Nasiriyah city, Dhi Qar Governorate, Irag. The Algae were
cleaned dried, and ground into powder. Twenty grams of the dried powder were
mixed with 200 mL of ethanol and hexan solvents, respectively, and subjected to
ultrasonic extraction. The extracts were filtered, concentrated, and stored in sterile
conditions. Antimicrobial activity was assessed using varying concentrations (25, 50, 75,
and 100 mg/mL) against bacterial strains Staphylococcus aureus and E. coli using the
Kirby-Bauer disk diffusion method.

Collection and classification of study stations

The Algal specimens used in this study were obtained from the marshes of Suq
Al-Shuyukh, located in the Thi-Qar Province in southern Iraq, province for the period from
15 October to 15 February, 2023-2024. Specifically, Cladophora Algae were collected.
Dr. Roaa Jafar khudhayer, a professor at the University of Thi-Qar, College of Science,
identified the Algae. The impurities were completely removed from them, and they were
transformed into a fine powder using an electric mill. After that, they were kept in sterile
glass bottles until they were ready to be used [22].

Preparation of algal extract

Preparation of Hexan and ethanol extract

The chemical components were qualitatively screened by subjecting a mixture of 20
grams of Algal powder and 200 milliliters of Hexan (Hexan Extract), as well as 200 milliliters
of ethanol (Ethanol Extract), to an ultrasonic bath. The resulting solution was filtered using
multiple layers of Whatman 0.22 filter paper and then concentrated at 50 °C under reduced
pressure using a rotary evaporator. Afterwards, it was subjected to a drying procedure
at a temperature of 25 °C. The extract was ultimately gathered in sterilized glass tubes
that are now prepared for utilization [23]. Preparation Concentration to obtain different
concentrations, we dilute the stock solution (100%) with DMSO dissolving solution.

GC-MS analysis of extracts

Gas chromatography-mass spectrometry (GC-MS) conditions the GC-MS analysis was
performed using the GCMS-QP2010 plus instrument (Shimadzu, Kyoto, Japan), equipped
with an autoinjector and a 5 ms capillary column of 30x0.25 mm with a film thickness of
0.25 pm. The carrier gas used is helium, with a flow rate of 1.15 ml/min. The 70eV ionized
charge system was used to do mass spectroscopic scanning. The temperature was initially
set at 80 °C for 2 minutes, and then increased steadily at a pace of 10 °C per minute until
it reached 280 °C for 5 minutes. The samples that were injected were exposed to splitting
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mode at a temperature of 250 °C. Two databases contain mass spectral data. The National
Institute of Standards and Technology (NIST14) and Wiley 10th/NIST 2014 mass spectral
library (W10N14) was utilized to characterize the isolated components based on them.

Culturing of samples and antibiotic susceptibility

Bacterial cultures of E. cloi and S. aureus were maintained at 4° C in Brain Heart
Infusion agar with glycerol and subculture on MacConkey and blood and then on Muller
Hinton agar were used Disc diffusion methods to determine the sensitivity of isolates to
antibiotics [24].

Antimicrobial activity of algal extracts against bacteria

The researchers employed the Kirby-Bauer disk diffusion susceptibility test to assess
the sensitivity and resistance of Algal extracts to bacteria recovered from UTI patients
[25]. To accomplish this, they evenly distributed 100 pL of the bacterial inoculum obtained
from an 18-24-hour broth culture onto the surface of Muller Hinton agar media plates.
Subsequently, the researchers placed antibiotic discs on the inoculated plates, followed
by the Algal extract at concentrations of 25, 50, 75, and 100 mg/ml. Furthermore, several
antibiotics were examined in this investigation. The plates were placed in an incubator at
a temperature of 37 °C for a period of 18-24 hours, following a chilling period of 2 hours
at 4 °C.The inhibitory zones on each plate were then measured in terms of their diameter.

Statistical analysis
The data was analyzed by using SPSS (Statistical Package of Socio Science) by using
one-way ANOVA for variation, LSD and independent sample t test at p. value <0.05 [26].

B RESULT

GC-MS

The GC-MS analysis of Hexan and Ethanol extracts showed the presence of bioactive
chemicals. GC-MS analysis of chemical compounds in Hexan extract of Cladophora
Algae, shows 9 compounds. The 6-Octadecenoic acid compound is the most abundant
with 95.1% of the total area, while the Trifluoroacetic acid, 2-tetrahydrofurylmethyl ester
compound is the least area with 0.01% (Table 2). Whereas the GC-MS analysis of chemical
compounds in the Ethanolic Extract of Cladophora Algae, showed 8 compounds. The
Dichloroacetic acid, undec-2-enyl ester compound is the most abundant with 88.57% of
the total area, while the 1,5-Heptadiene, 2,6-dimethyl-compound is the least area with
0.15 % (Table1).

Activity of Cladophora ethanol extract with different concentrations against
E. coliand S. aureus

The present study was showed a significant difference at p. value <0.05, in the activity
of Cladophora ethanol extract according to extract concentration, was showed the high
activity of Cladophora ethanol against both E. coli and S. aureus in 100% concentrations,
then the activity decreased with decrease concentration. In the other hand, the study
showed a non-significant difference between E. coli and S. aureus in all concentration
with except 100%, furthermore the study noted a non-significant difference between
concentration of 75% and 50% S. aureus as in Table 3.
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Table 1

Chemical compounds in the Hexane extract of Cladophora
Seq |R.Time Area% Common Name Formula
1 2.040 0.37 Hexane, 2,2,3-trimethyl- CH,,
2 16.34 0.01 1H-Pyrazole, 3-methyl-5-(trifluoromethyl)- CH,FN,
3 18.62 0.10 d-Glucohexodialdose CH, 0,
4 19.13 0.01 (+)-3,4-Dehydroproline amide CHN,0
5 20.94 431 n-Hexadecanoic acid C,H,,0,
6 22.15 0.01 Trifluoroacetic acid, 2-tetrahydrofurylmethyl ester CHF.O,
7 2293 95.1 6-Octadecenoic acid CH..0,
8 23.48 0.09 Cyclohexaneethanol, acetate C,H1.0,
9 25.62 0.00 Oxygen difluoride F.0
Total 100

Table 2

Chemical compounds in the ethanol extract of Cladophora
Seq |R.Time Area% Common Name Formula
1 16.341 0.15 2,2-Dimethylpropanoic anhydride C,H.s0,
2 17.472 0.27 Bicyclo[4.1.0]heptane, 3-methyl- CH.,
3 19.136 0.40 Tridecanoic acid C,H,O,
4 20.802 783 zgg;lt:gteecrenoic acid (2)-, 2-hydroxy-1-(hydroxymethyl) C,H,0,
5 22.701 88.57 Dichloroacetic acid, undec-2-enyl ester C,H,CL0,
6 22.833 2.44 1,3-Dioxolane, 2-phenyl- CH, 0,
7 23.034 0.19 2-Butene, 1-bromo-3-methyl- C,H,Br
8 23.386 0.15 1,5-Heptadiene, 2,6-dimethyl- CH.,.
Total 100

Table 3

Activity of Cladophora ethanol extract with different concentrations against E. coli and S. aureus

) E. coli S. aureus
Concentration p. value
Meanz+S.D.

25% 8.80+0.83¢ 8.40+1.14¢ 0.546
50% 11.4+1.14¢ 10.6+0.89° 0.252
75% 13.0+0.70° 11.6+0.89* 0.025
100% 16.0+£1.00° 11.8+0.442 <0.01
p. value <0.01 <0.01
LSD 1.24 1.16

Activity of Cladophora hexane extract with different concentrations against

E. coliand S. aureus

The present study was showed a significant difference at p. value <0.05, in the activity
of Cladophora hexane extract according to extract concentration, was showed the high
activity of Cladophora hexane against both E. coli and S. aureus in 100% concentrations,
then the activity decreased with decrease concentration. In the other hand, the study

showed a non-significant difference between E. coli and S. aureus in both 50% and 75%,

furthermore the study noted a non-significant difference between concentration of 50%
and 25% in E. coli as in Table 5.

«KnuHnyeckas nHoektonorua n napasutonorns», 2025, tom 14, N2 4

479



Evaluation Antimicrobial Activity of Cladophora Algae Ethanolic
and Hexane Extracts Against Uropathogenic Bacteria

Table 5
Activity of Cladophora hexan extract with different concentrations against E. coli and S. aureus
A E. coli S. aureus
Concentration p. value
MeanzS.D.

25% 9.20+0.83° 8.80+0.84¢ 0.471
50% 11.8+0.83° 10.0+0.70¢ <0.01
75% 13.6+0.89° 12.2+0.83° 0.034
100% 14.6+0.89° 13.4£1.14° 0.101
p. value <0.01 <0.01
LSD 1.15 1.18

B DISCUSSION

he importance of freshwater algae has increased significantly in recent times due to
their antimicrobial activity. There is a great concern of the World Health Organization
about bacterial resistance to many antibiotics and antibiotics, which has led to increased
mortality rates, especially in immune compromised individuals. There are many studies
that prove the importance of algae-derived bio active compounds as antimicrobial
agents and can serve as an alternative to traditional antibiotics. The diversity of secondary
receptors present in algae makes them attractive candidates, as many of these receptors
exhibit antibacterial effects by preventing metabolic activity or damage to the cell walls
of microbes [27]. Accordingly, in this research, Cladophora algae was selected and the
antimicrobial activities were evaluated and the bio active compounds were extracted
from this alga using (GC-MS). According to the results, both ethanol and hexan extracts
of Cladophora algae exhibit antibacterial activity, with the ethanol extract being more
effective against both E. coli and S. aureus. Both extracts demonstrated antibacterial
properties, but their efficacy varied depending on the concentration and the type of
bacteria tested. The ethanol extract showed a significant increase in antibacterial activity
for E. coli with increasing concentration, from 8.80 +£ 0.83 mm at 25% to 161 mm at 100%.

The p-value for this increase (<0.01) indicates a statistically significant effect. The
Least Significant Difference (LSD) of 1.24 suggests that differences in means between
concentrations are meaningful. Similar to E. coli, the extract exhibited increased activity
with higher concentrations for S. aureus, starting at 8.40+1.14 mm at 25% and reaching
11.840.44 mm at 100%. The p-value for S. aureus is also significant (<0.01). However,
the differences in means are less pronounced than for E. coli. The hexan extract showed
antibacterial activity for E. coli as well, with values increasing from 9.20+0.83 mm at 25%
to 14.6+0.89 mm at 100%. The p-value for the 50% concentration is significant (<0.01),
indicating effective inhibition. The LSD of 1.15 reinforces the significance of differences
between concentrations.

The activity was slightly lower on S. aureus compared to E. coli, showing a maximum
inhibition of 13.4+1.14 mm at the highest concentration. The p-value of 0.101 for the 100%
concentration indicates no significant difference from lower concentrations, suggesting
that hexan extract may not be as effective against S. aureus as the ethanol extract. Both
extracts demonstrated increased antibacterial activity with higher concentrations, but
the ethanol extract showed overall greater efficacy, especially against E. coli.

The differences in susceptibility between the two bacterial strains indicate that E. coli
is more sensitive to Cladophora extracts than S. aureus. This could be due to differences
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in cell wall structure and resistance mechanisms. The p-values indicate that both extracts
have significant antibacterial properties, particularly at higher concentrations. The LSD
values provide confidence that the observed differences are not due to random variation.
The effectiveness of the Cladophora Algae can be attributed to its content of active
compounds such as Hexadecanoic acid methyl ester has Antioxidant, Antimicrobial,
Hypocholesterolemia, Hemolytic, Alpha reductase inhibitor [28]. In addition,
9-Octadecenoic acid (Z)-, 2,3-dihydroxypropyl ester has (Antibacterial, anti-candidal, anti-
inflammatory, hypocholesterolemia, cancer preventive, hepatic protective, nematicide,
insect Fuge anti histaminic, anti-arthritic, ant coronary, antieczemic, anti-acne, 5-Alpha
reductase inhibitor and anti-androgenic activities [29].

Furthermore, this current study’s identification of octadecenoic acid (Oleic acid)
in Cladophora extract is corroborated by the prior work of Al-Khafaji and Saeed [30],
where they found that octadecenoic acid is one of the active compounds present in
Cladophora extract. Stabili also noted in their study that since Oleic acid is the most
abundant among the fatty acids of Cladophora extract, it is likely responsible for the
antibacterial activity [31].

B CONCLUSION

Given the numerous side effects associated with most antibiotics employed in
the medical profession, our current study aimed to investigate the effects of ethanol
and hexane extracts of Cladophora Algae on pathogenic bacteria that cause (UTI),
demonstrating superior inhibition compared to some medicines. The Ethanol and Hexane
extracts exhibit antimicrobial properties due to their chemical composition, which
includes compounds such as Hexadecanoic acid, ethyl ester, 9,12-Octadecadienoic acid
(Z,2),9-Octadecenoic acid (Z)-, 2,3-dihydroxypropyl ester, Heptadecane Pentadecanoic
acid, 14-bromo, positioning them as potential alternative medicinal treatments.
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