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Abstract

Background and objectives: Nepeta binaludensis Jamzad is a rare, aromatic, and endemic
species known for its antibacterial activity, attributed to its phenolic and flavonoid content. Given
the rising issue of antibiotic resistance, exploring innovative therapeutic approaches, such as
utilizing plant-derived components in conjunction with nanoparticles, is essential. These methods
enhance plants' antibacterial properties while reducing the quantity of these valuable resources
needed, thereby contributing to their conservation. The current study investigated the
antimicrobial properties of a silver nanoemulsion derived from Nepeta binaludensis extract. It
also investigated its effect on the expression of the toxA gene, which is involved in Toxin A
secretion, and the algD gene, which plays a role in biofilm formation, in Pseudomonas

aeruginosa.
Methodology: The Nepeta binaludensis flowering aerial parts were collected from Binaloud Mts
in the northeast of Razavi Khorasan Province at an altitude of 2517 m. The ethanolic extract of
the species was obtained from 40 g of the plant-dried powder using the maceration method. The
extract's flavonoid and phenolic content were measured using an HPLC apparatus. This study
used a silver nanoemulsion-loaded plant extract that was previously prepared by the high-energy
method. The synthesis accuracy of the nanoemulsion was evaluated using FTIR, SEM, DLS, Zeta
potential, and XRD techniques. The antibacterial effects of varying concentrations of silver
nanoparticles, crude extract, and silver nanoemulsion were assessed against the standard bacterial
strain Pseudomonas aeruginosa using the Kirby-Bauer disk diffusion test and the microdilution
plate technique. RNA extraction from the bacteria was performed utilizing treatments that
included the minimum inhibitory concentration (MIC) and sub-minimum inhibitory concentration
(subMIC) of silver nanoparticles, the crude extract, and the silver nanoemulsion containing the
extract. Following cDNA synthesis, the expression changes of the toxA and algD genes were
analyzed using Real-time PCR. The outcomes of the Real-time PCR were assessed with REST
software. The results were analyzed using one-way ANOVA with Microsoft Excel 2016 and
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GraphPad Prism 9.5.1, with a P value of less than 0.05.

Results: The HPLC analysis of the extract composition indicated that the plant extract did not
contain gallic acid, catechin, rutin, or quercetin. Among the phenolic constituents, including
chlorogenic acid, caffeic acid, salicylic acid, and rosmarinic acid, rosmarinic acid exhibited the
highest abundance, measuring 20.82 mg/g. The evaluation of the synthesized nanoemulsion
confirmed that the particles are spherical with a diameter of 270 nm. The surface charge is
negative, and the particles are non-crystalline, and the presence of water and ester bonds has been
detected. The Kirby-Bauer disk diffusion test results indicated that the smallest inhibition zone
(12 mm) was associated with silver nanoparticle treatment. Conversely, the largest inhibition zone
(21 mm) was observed with the treatment involving silver nanoemulsion of the extract, which
was approximately equivalent to the inhibition zone induced by the antibiotic ceftazidime (CAZ,
30pg). The minimum values for MBC, MIC, and Sub MIC were 80, 40, and 20 pg/ml,
respectively, corresponding to the silver nanoemulsion containing the extract. The algD gene
expression level decreased by a factor of 0.87 when treated with silver nanoemulsion of the extract
(40ug/ml), compared to the control group (P < 0.01). The toxA gene expression level was reduced
by a factor of 0.78 following treatment with the silver nanoemulsion of the extract (P < 0.05). The
changes in gene expression induced by varying concentrations of plant crude extract and silver
nanoparticles did not show a significant difference when compared to the control group.
Conclusion: The nanoemulsion of the plant extract exhibits a greater growth inhibitory effect and
enhanced bactericidal activity. Given that the algD gene plays a crucial role in biofilm formation
and the toxA gene is responsible for the secretion of the endotoxin A, it appears that the silver
nanoemulsion may effectively inhibit growth by influencing the expression of genes in
Pseudomonas aeruginosa. The reduction in droplet size within the nanoemulsion enhances the
concentration of bioactive compounds and antibacterial properties compared to the crude extract.
Consequently, this makes it suitable for applications in the pharmaceutical and food industries.

Keywords: Pseudomonas aeruginosa, antimicrobial, silver nanoemulsion, Nepeta binaludensis
Jamzad, toxA algD.
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Figure 1. HPLC chromatograph from hydroalcoholic extract of Nepeta binaludensis flowering shoots; a)
Standard compounds diagram and b) extract diagram for measuring the content of A: catechin and gallic acid,
B: quercetin and rutin, C: rosmarinic acid, caffeic acid, and chlorogenic acid, and D: salicylic acid

tr: retention time
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Table 2. Some phenolics content in Nepeta binaludensis hydroalcoholic extract

Composition Gallic Catechin
(mg.gt) acid

Rutin

Quercetin  Chlorogenic ~ Caffeic ~ Rosmarinic  Salicylic
acid acid acid acid

N. binaludensis - -
extract

- 4.60 0.75 20.83 0.08

pis Al ks o ziy aS el ol &}uw.{ s

33 Sl et s 5051 zb

Y? Q\J’...A A WLMS}.G)JWN &yw"ﬂ LY ‘Lﬁj‘ .\.w) 4.)\3 QL-J r\;ﬁw“‘ O)A)T ‘}‘ O.MT Cwd 4 c:u

TmAYe 7 Saisessl Al 0 s del Cey i s o3 5 155355 51 snss s a2 Slge olme o it
s Az (SXT) Jp3lasley 555 b Joslas sl e Vo /A=Y ol 4 oslas ol 08 G and sal 5L
s Al ol (Y o 5 BY JS) oS JSs g, Ls333T Usnsssm iy 5lge ol oS 5 e oo
olas ol o Gamd el b bw s as JSas as, saalice o Lo \Y=NY/Y Gl 4 08 05350 ) g o
w3l Lo g ons Wl as, pae Al ol alie Ly s Ab s s pae Al (Y Jpan 5 AY JS0) 4o S
24 (CAZ) =\#/A Q\ﬂ@,ﬁ;)\.y;yhﬂ,»&\.@.ﬁqu

B U S e e W SR VS W



ord Yool Y e ol e 5 sl oS i anldas

20.8875 mm S=—— 26.4297 mm

w0350 b by cov (A il pas Ao LS aylis 5 Pseudomonas aeruginosa s zSG ) » rl,f,ﬁdﬂ o) =¥ IS

sl oS IS5 00 o las ssl> 0,8 & s 50l SU 5 (Nepeta binaludensis) 5 )l sloss s oS IS5 08 o las

3 (GM) omalitzr (CAZ) ity 3l (CP) (S LS i o Jalts S (5T Ses 15 Jlaz U sl €5 (B 5 5 i
(SXT) J s 5S 520l s/ s 5 5500 5

Figure 2. Antibiogram test for Pseudomonas aeruginosa and comparison of inhibition zone diameter; A) treated

by silver nanoparticle, Nepeta binaludensis hydroalcoholic extract, and silver nanoemulsion containing .
binaludensis hydroalcoholic extract, and B) treated by four types of antibiotic disks, including ciprofloxacin
(CP), ceftazidime (CAZ), gentamicin (GM), and trimethoprim/sulfamethoxazole (SXT)
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Table 3. Antibiogram test results for Pseudomonas aeruginosa treated by silver nanoparticle, Nepeta binaludensis
hydroalcoholic extract, and silver nanoemulsion containing N. binaludensis hydroalcoholic extract, accompanied
by four types of antibiotic disks

Treatment (ug) Inhibition zone (mm)
AgNPs 30 12-12.2
NB Ex 30 16.8-17
NBAgNPs 30 20.9-21.2

Ciprofloxacin (CP 5) 26 (S)
Ceftazidime (CAZ 30) 22 (S)
Gentamicin (GM 10) 19 (S)
Trimethoprim/Sulfamethoxazole (SXT 25) 0(R)

AgNPs: Silver nanoparticles, NB Ex: N. binaludensis extract, and NBAgNPs: Silver nanoemulsion contained N. binaludensis extract.
R: resistant and S: susceptible
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Table 4. MIC, MBC, and SubMIC tests results for Pseudomonas aeruginosa treated by silver nanopatrticle,
Nepeta binaludensis hydroalcoholic extract, and silver nanoemulsion containing N. binaludensis hydroalcoholic

extract
Treatment (ug.ml?) MBC MIC SubMIC
AgNPs 120 60 30
NB Ex 320 160 80
NBAgNPs 80 40 20

AgNPs: Silver nanoparticles, NB Ex: N. binaludensis extract, and NBAgNPs: Silver nanoemulsion contained N. binaludensis extract.

Real-Time PCR _z8ly a8 sls olas by ©od sois an algD ;toxA sy oly Ol ess
ngu\a j““j PR r\:u\ cou& 9 Lf'a\'w‘ )jl?tb wa}b}w 6‘,»5\4 BEl algD thXA Q) g\.u g_)‘J».w
skl as Ll ABC Y JKa) cul sazs s 4w 53 SUBMIC s MIC lacdale b sus Jlas 155555 51
YUK s eSSl e 3l sl cdy CT | 4 o sy oS o lac (AGNPS) o & 0,350 Sl o5 3
Ol Ol e was r\a—?\ Sl 4L 5 (0 Jsa> 5D 58 oylas sl o B oo 5al 5L 5 (NB EX) (ool
Ll oaz ooy sl ¥ SKe s gy 16s e 05 b awslis 55 (NBAGNPS) (oo by slusi s

C) D)

bo5 55 o (D 5 toxA (C algD (B (g2 03) 165 IRNA (A o5 o5 o =Y I

Figure 3. Melting curve of genes A) 76s rRNA (Housekeeping gene), B) algD, C) foxA, and D) gene amplification
curve
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Table 5. Cycle threshold (CT) values in the amplification diagrams of 16s rRNA (housekeeping gene), algD, and

toxA (target genes)
Treatment CT 16s rRNA CT toxA CT algbh
MIC- AgNPs (60 pg.ml9) 19.45 18.125 1875
subMIC- AgNPs (30 pg.mlt) 19.31 18.42 18.12
MIC-NB Ex (160 pg.ml-%) 19.57 185 18.3
subMIC-NB Ex (80 pg.mlt) 19.25 18.39 18.81
MIC- AgNPs (40 pg.mlY) 19.42 18.69 185
subMIC- AgNPs (20 pg.mlt) 19.82 18.33 18.07

AgNPs: Silver nanoparticles, NB Ex: N. binaludensis extract, and NBAgNPs: Silver nanoemulsion contained N. binaludensis extract.
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Figure 4. Diagram of genes expression change in Pseudomonas aeruginosa with MIC and SubMIC
concentrations treated by silver nanoparticle, Nepeta binaludensis hydroalcoholic extract, and silver
nanoemulsion contained N. binaludensis hydroalcoholic extract
Control: without treatment, AgNPs: Silver nanoparticles, NB Ex: N. binaludensis extract, and NBAgNPs: Silver nanoemulsion contained .
binaludensis extract.

s * ™ and ": non-significant, significant at 5, 1, and 0.1% probability levels, respectively.
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