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INTRODUCTION

Problem statement. Modern antimicrobial and antiviral therapies have low efficacy and are
limited due to the spread of microorganism strains resistant to antibiotics. The emergence of
viable resistant microbes has been proven even against antimicrobial agents, such as vancomycin
and cationic antimicrobial proteins, to which resistance has previously been considered
impossible. Therefore, the development and application of new, highly effective, antimicrobial,
antiviral, and immunomodulatory drugs for applied medicine capable of suppressing the
expression of pathogenic factors and co-morbidity and drug-resistance coefficients is necessary.
Related to this, the antibacterial, antiviral, and immunomodulatory properties of herbal combined
volatile essential oils (EOs) with potential antimicrobial effects on the in vitro and in vitro
antibiotic activity of viruses and polyresistant bacterial strains is of significant interest. The
animal livestock industry cannot be separated from antibiotic growth promoters (AGPs),
increasing productivity and preventing diseases caused by farm environments. However, AGPs
are product residues that are dangerous when consumed excessively; AGPs cause pathogenic
microbial resistance. Moreover, the excessive utilization of AGPs in animal farming stimulates
bacterial resistance and appears as residue in animal products (meat, milk, etc.), harmful to
human health. The EU has banned the use of AGPs in animal farming since 2006, and consumers
have become increasingly aware of their food quality and safety issues. Research on the
alternative use of AGP ‘feed quality for food safety’ has garnered much interest, including the
alternative the use of growth promoters such organic acids, immunomodulators, probiotics,
prebiotics, enzymes, phytogenics, EOs, etc. White spot syndrome (WSS) is a viral infection of
penaeid shrimp and one of the most important shrimp diseases worldwide, affecting most
commercially-cultured shrimp species (Jha et al., 2006, 2007, 2010; Sudheer et al., 2014). The
disease is highly lethal and contagious, killing shrimp quickly; outbreaks have wiped out entire
populations of many shrimp farms within a few days throughout the world. The disease is caused
by a family of related viruses, subsumed as the WSS baculovirus complex.

Acute hepatopancreatic necrosis disease (AHPND) or early mortality syndrome (EMS) have
been reported in several shrimp-producing countries, such as Vietnam, Malaysia, Thailand,
Mexico, and the Philippines (Flegal, 2012; Nunan et al., 2014), with a significant impact on
world shrimp production (Leafio, Mohan 2012; Tran et al., 2013); however, the causative agent
in AHPND, Vibrio parahaemolyticus, has been successfully identified and isolated. The unique
symptoms and characteristics of this disease include severe atrophy of the shrimp
hepatopancreas, consisting of massive sloughing of hepatopancreas epithelial cells (Lightner et
al., 2012). External symptoms in infected shrimp, such as an empty stomach, bluish body color,
and shrunken hepatopancreas, can be observed in outbreak ponds, appearing in the culture ponds
after 8-45 days of stocking. AHPND can be transmitted experimentally by horizontal
transmission, co-hab precipitation, immersion, and reverse gavage. Furthermore, shrimp cultured
in earthen bottom ponds were more susceptible to AHPND than the HDPE-lined ponds.
Infectious myonecrosis virus (IMNV) is known to cause significant outbreaks and mortality in
penaeid shrimp (Lightner, 2004). In Indonesia, the first outbreak occurred in Situbondo in 2006,
spreading to East Java, Bali, Lampung, Central Java, West Kalimantan, and West Nusa Tenggara
(Sukenda et al., 2011). In Brazil, IMNV causes up to 70% mortality (Melo, 2014). IMNV has
been demonstrated to be horizontally transmitted by ingesting infected moribund shrimp and live
feed (Taukhid & Nuraini, 2009). Aquaculture experts have continuously attempted to control the
spread of the virus by proper husbandry practices, specific pathogen-free (SPF) broodstock, and
rapid and sensitive detection kits (Poulos, 2006). IMNYV is associated with the characteristics of
the WSS virus (WSSV) and causes chronic mortality in ponds; this results in larger losses due to
the high feed conversion ratio (FCR), lower survival rate, and higher production costs. IMNV-
infected shrimp in stressed conditions show typical white or red muscle in the fifth to sixth
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segments, and it is difficult for shrimp with white muscle to recover in the cultured ponds. Herbs
have significant potential in clinically useful drugs to effectively prevent and control many
viruses of aquaculture origin. Various plant- and plant-derived products have shown significant
effects against pathogens, especially in reducing the mortality of viral diseases in shrimp, such as
Phyllanthus niruri, increasing the survival rate against IMNV from 66.67% to 86.67%
(Sivasankar, 2015).

Several types of volatile EOs such as lavender (Lavandul latifolia), pine (Pinus sylvestrisa),
jasmine (Jasminum officinale), lemon (Citrus limon), cherry (Prunus avium), violet (violet),
gardeniat (Gardenia jasminoides), palm (Cocos nucifera), rose (Rosa damascene), and nettle
(Eucalyptus globules) are well known and have been studied for their antiseptic, antimicrobial,
and anti-inflammatory effects separately, including their antiviral and immunomodulatory
properties. Lavender EO consists of monoterpenoids and sesquiterpenoids, whose components
are linalol, moderate amounts of lavender-acetate, terpine-4-ol, and lavandulol and minor
amounts of 1,8-cineol (eucalyptol) and camphor (Gostner et al., 2014). Pine oil consists of a-
terpineol or cyclic terpene spirits and is considered a phenolic disinfectant and mild antiseptic,
with antifungal, antibacterial, and antiviral properties (Patra et al., 2015; Koutsaviti et al., 2021).
Jasmine oil, known as the "King of Oils” and whose main component is benzylacetate, is used in
aromatherapy, phytotherapy, and dermatology as an antibacterial agent (Rath et al., 2008).
Lemon contains polyphenols and terpenes, low in lemon juice pH, making it a powerful
antibacterial agent (Baser, Buchbauer 2015). The high content of antioxidants in palm oil, such
as palmitic acid, stearic acid, oleinic acid, linoleic acid, linolenic acid, and eleostearic acid, is
positive for inflammatory bowel function (Gesteiro et al., 2019). The effective antifungal,
antibacterial, and antioxidant properties of violet EO are particularly effective in many
alternative therapies (Hammami et al., 2011); geniposide and genipine suppress the production of
lipid peroxides and oxidative stress in neurons in this EO and can be used as anti-inflammatory
antioxidants (Friedman et al., 2002; Kalim et al., 2010). Additionally, coconut oil has powerful
antifungal, antibacterial, and antiviral effects (Hilmarsson et al., 2007; Huang et al., 2014).

Aim and objectives. This study aimed to investigate the antibacterial, antiviral, and

immunomodulatory properties of blended volatile EO (consisting of Lavandula latifolia, Pinus

sylvestris, Jasminum officinale, Citrus limon, Prunus avium, Viola odorata, Gardenia

Jasminoides, Cocos nucifera, Rosa damascene, and Eucalyptus globules) in vivo and in vitro.

Research objectives are:

e To study the antifungal and antimicrobial effects of natural oil formulations (NOFs) of EO
blends on the pro- and anti-inflammatory activation of human peripheral blood mononuclear
cells (PBMCs) and production of cytokines in vitro.

e To evaluate the efficacy of NOFs in improving the clinical performance of white leg shrimp
(Penaeus vannamei) in AHPND or EMS bacterial challenge models.

e To determine the effectiveness of NOFs against IMNV in white leg shrimp, Penaeus
vannamei.

e To investigate the efficacy of NOF in improving the clinical performance of white leg shrimp
(Penaeus vannamei) in a WSSV challenge model.

e To evaluate the impact of NOF on the productivity and blood parameters of calves during
growth and transportation periods.

e To study the efficacy of NOFs and NOF liquids on the productivity of broiler chickens as an
antibiotic replacement strategy.

Scientific and practical significance of the results. In this study, we demonstrated that a NOF,
prepared from a mixture of Lavandula latifolia, Pinus sylvestris, Jasminum officinale, Citrus
limon, Prunus avium, Viola odorata, Gardenia jasminoides, Cocos nucifera, Rosa damascene,
and Eucalyptus globules showed antiviral, anti-inflammatory, and antimicrobial activities against
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bacteria and fungi. The NOF indicated moderate antimicrobial effects against six bacterial strains
(Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Salmonella enterica
serovar Typhimurium, Pseudomonas aeruginosa, and Micrococcus luteus) and two fungal
Candida albicans strains in vitro. We observed a prominent suppression of proinflammatory
cytokine production by LPS-primed PBMC:s in the presence of the NOF. Therefore, our results
suggest that NOFs may serve as a promising pharmaceutical agent with combined anti-
inflammatory, antimicrobial, and fungal action.

A bioassay trial was conducted to determine the efficacy of the developed NOF product as an
anti-AHPND, with results demonstrating that the cumulative mortality reached 56.7% in the
positive control, 23.3% in the 80-ppm NOF group, and 13.3% in the 40-ppm NOF group at day
post infection (dpi) 8, whereas no mortality was recorded in the negative control. The relative
percent survivals of the 80-ppm and 40-ppm groups were 64.7% and 76.5%, respectively. The
trial results showed that the developed NOF had a significant effect against AHPND-Vibrio
parahaemolyticus under controlled conditions. The IMNV trial results of the Penaeus vannamei
shrimp showed that the developed blended oil extract formulation had a significant effect against
IMNV under controlled conditions. The developed product is user-friendly as it is mixed and
incorporated into the shrimp feed in specific amounts to have antiviral properties. The NOF
efficacy study results to improve the clinical performance of Penaeus vannamei white leg shrimp
in the WSSV challenge model showed that the developed blended oil extract formulation has a
significant effect against WSSV in controlled conditions. The developed product was
incorporated into shrimp feed in a specific amount to have antiviral properties.

The study results evaluating the impact of NOF in productivity and blood parameters on calves
during their growth and transportation period demonstrated that the addition of NOF (2 kg/ton
feed) increased their health status and tended to reduce bodyweight loss during transportation.
The NOF improved the economic value after the 122-day feedlot program. Providing 2-kg/ton
NOF feed and NOF liquid (0.5 mL) drinking water to broiler chickens was effective in increasing
the productivity and health of broiler chickens, characterized by a higher increase in final weight
and lower mortality compared to control group chickens. The 2-kg/ton NOF feed and 0.5-ml/L
NOF drinking water were proven safe (not toxic to chickens) based on liver function, kidney
function, and description of the pathology (PA) and histopathology (HP) of the liver and kidney.

Approbation. Proceedings of the dissertation have been presented at “Third International
Conference on Aquaculture & Fisheries,” Sep 29 - Oct 1, 2016, London, UK; “BIT’s 5" Annual
World Congress of Aquaculture and Fisheries-2016,” Nov 4-6, 2016, Qingdao, China; «pnd
International Conference on Aquaculture and Fisheries,” Aug 28-29, 2020, Kuala Lumpur;
“ClimFishCon,” Feb 11-14, 2020, Le Meridien Kochi, Kochi, India; speaker at “1ot
International Conference of Aquaculture Indonesia,” Oct 28-30, 2021, Semarang, Indonesia;
“15" International Conference on Molecular Epidemiology and Evolutionary Genetics of
Infectious Diseases,” Nov 2-5, 2021, New Orleans, USA, Live and On-demand for and by
Elsevier; “3™ online International Conference in Aquaculture and Fisheries”, July 5-6, 2021; at
the meetings of the scientific councils of the Research Institute of Epidemiology, Virology and
Medical Parasitology named after A.B. Alexanian Ministry of Health of RA (2020) and the
Institute of Molecular Biology of NAS RA (2021-2022).

Publications. The main results of the dissertation are published in 12 papers and 9 presentation
abstracts at international scientific conferences.

Structure. This dissertation comprises 116 pages of computer-formatted English text, including
29 tables and 24 figures, consisting of the following sections: Introduction, Literature Review,
Materials and Methods, Results and Discussion, Conclusion, References (including 198 sources),
and Appendix (pp. 117-161).



MATERIALS AND METHODS

In Silico Modeling. Multiple sequence alignment and the protein sequence similarity between V.
parahaemolyticus PirA*/PirB'® and bacterial toxins, protein homology modeling and protein-
protein docking, structural analysis of the cytotoxic mechanism of V. parahaemolyticus PirA™
toxin, structure-based ligand-binding site and druggability prediction for V. parahaemolyticus
PirA'?/PirB'® and B. thuringiensis Cry toxins as well as identification of V. parahaemolyticus
PirA"/PirB" and B. thuringiensis Cry toxin potential inhibitors by structure-based virtual
screening and molecular docking were used.

NOF preparation and composition. Individual oils in EO mixture were obtained from Demeter
Agro Research and Improvements Pty Ltd, New Directions Australia Pty Ltd, and Australian
Botanical Products Pty Ltd. Each EO is obtained through the steam distillation process and was
thoroughly checked for quality and chemical compositions based on European Pharmacopeia.
EOs were declared to pass the quality check, the EO mixture was conducted at a specific
concentration and sequence. The mixing process takes 45-60 min at a temperature of 40 °C.

il composition analysis by GC-MS. GC-MS oil analysis was performed on a DANI Master GC
gas chromatograph, coupled with a time-of-flight mass spectrometer (TOF MS). Compound
identification was based on the comparison of retention indices and mass spectra of most of the
compounds with data generated under identical experimental conditions.

Antibacterial assay. The following microorganisms were purchased from the American Type
Culture Collection and used as test strains: Staphylococcus aureus ATCC-6538, Staphylococcus
epidermidis ATCC-12228, Escherichia coli ATCC-8739, Salmonella enterica serovar
Typhimurium ATCC-14028, Pseudomonas aeruginosa ATCC-9027, Micrococcus luteus ATCC-
10240, yeast Candida albicans ATCC-10231, and Candida albicans NCTC-885-653. NOF
screening for antibacterial activity was performed using the disk diffusion method. Broth
microdilution susceptibility assay was performed to determine the MIC and MBC in 96 well
micro-titer plate. The inhibition of bacterial growth was revealed by the addition of a resazurin
and reincubation for 3 h. MIC was determined by the permanence of blue coloration in the wells.

In vitro stimulation of PBMCs with plant extracts, and LPS. PBMCs were cultured in a 24-well
flat-bottom plate at 1x10°cells/ml in RPMI-1640 medium, supplemented with 10% fetal bovine
serum and 2-mM L-glutamine in duplicates for each sample in a humidified 5% CO, incubator
for 24 h at 37 °C. The culture supernatants were harvested after the incubation period,
centrifuged to remove cell debris, and stored at —80 °C for cytokine assays. Cytokine content was
determined using human IL-1p, IL-6, IL-10, IL-2, TNF-a, and IFNg ELISA MAX Deluxe kits.

White Leg Shrimp (Penaeus vannamei) in an AHPND Bacterial Challenge Model. White leg
shrimp larvae (PL10) were spawned and nursed to 0.5 to 1 g/individual (the size most affected by
AHPND) in a recirculation system at the shrimp hatchery and nursery of the College of
Aquaculture and Fisheries, Cantho University. The weight and length of 30 shrimp were
measured prior to applying the NOF and challenge. Each aquarium contained 25 L of seawater
(15%0) with a continuous aeration system, and the temperature was maintained at 26-30°C.
Experimental shrimp were stocked with a density of 40 individuals/aquaria (before challenge)
and 15-20 individuals/aquaria (during challenge). Different concentrations of NOF (40 ppm and
80 ppm) were applied to obtain the best dose to act against AHPND. V36 bacterial strain cultures
were grown for 24 h in TSB supplemented with 1.5% NaCl at 28°C. The OD corresponding to
10® cells ml™" was diluted in seawater. Shrimp were immersed for 15 min in this bacterial culture
with continuous aeration. The bacterial solution and shrimp were transferred to aquaria
containing seawater to reduce the bacterial concentration to 10° cells ml™”. No water was
exchanged for the 48-h after the challenge. Then, 30% of the water was renewed every 2 days.
Cumulative mortality, relative percent survival, severity and time of clinical sign onset, PCR
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(IHHNV, WSSV, MBV, TSV, Vibrio parahaemolyticus causing AHPND) after and before the
challenge were determined.

Infectious Myonecrosis Virus (IMNV) in White leg Shrimp Penaeus vannamei. A bioassay
trial was set up using 10 aquaria for each group. The seawater utilized during the experiment was
prepared by sedimentation, filtration, and disinfection using 30-ppm active chlorine; finally, it
was treated with ultraviolet radiation. The trial duration was 30 days that is, 5 days of
acclimatization, 14 days of anti-IMNV feed feeding and NOF application and observation, viral
challenge on day 15, and then feeding and observation for 10 days. The shrimp in the treatment
group were fed experimental feed, whereas regular feed was fed to the control. There was no
change in the feed type, quality, or feeding rate throughout the experiment. The liquid
supplement, NOF, was applied daily in experimental tanks throughout the experiment. Shrimp
were challenged with a lethal IMNV dose (log 5) by injection. The collected tissue containing
viable IMNV was stored at -80 C by adding sterile glycerol until further use. IMNV was
confirmed by nested PCR analysis and HP.

White Leg Shrimp (Penaeus vannamei) in White Spot syndrome Virus (WSSV) Challenge
Model. The WSSV was extracted using ultracentrifugation following the standard method. The
pure virus was injected into the SPF shrimp. The virus quantification in shrimp tissue was
performed using the gPCR method. Treatment group: 1.6 g (12 slices of muscle for 12% of
shrimp per tank (5% of biomass per tank) of WSSV infected tissue (log 9) are dipped into a 20-
ml of stock solution of NOF for 2 h in the refrigerator. Positive Control: 1.6 g of sub-lethal
WSSV infected tissue are dipped into 20 ml of TS-Buffer for 2 h in the refrigerator. Negative
Control: 1.6 g of normal tissue and dipped into 20 ml of TS-Buffer for 2 h in the refrigerator. The
remaining shrimp from all the groups were tested by PCR and HP for the presence of WSSV.

Impact of NOF in Productivity and Blood Parameter on Calves during the Growth and
Transportation Period. The experiment was conducted at the Faculty of Animal Science for 10
weeks; 2 weeks of calf adaptation, followed by 8 weeks of the growth period. A total of 24
Brahman Cross calves were assigned to the treatment groups; each treatment consisted of two
replicates with six calves each. The treatments were as follows: control with no dietary NOF
treatment and a group with dietary NOF (2 kg/ton). Feed intake was recorded daily throughout
the experimental period, and the average daily feed was calculated. Calves were weighed
individually before treatment and at weeks 4 and 8. Body weight gains calculated as weight gain
(final bodyweight-initial bodyweight) and the average daily gain (ADG) were calculated for the
growth period, and the FCR was calculated by dividing the total feed intake per group by the
total body weight gain per animal for the growth period. Plasma concentrations of glucose, urea-
N, total protein, albumin, globulin, and hematology parameters were determined by autoanalyzer.

Efficacy of NOF and NOF Liquid on Productivity of Broiler Chicken as an Antibiotic
Replacement Strategy. A total of 480 experimental animals used in this study were day-old
chicks (DOC). The experimental design was a completely randomized design with control and 2
treatment groups and 160 replications. Parameter measurements were performed on broiler
productivity, including feed consumption, drinking consumption, body weight gain, final
bodyweight, mortality, and FCR. Meanwhile, parameter measurements were also conducted on
the health of broiler chickens, including red blood count, hematocrit, and hemoglobin, white
blood count, blood biochemistry (triglycerides, total cholesterol, HDL, LDL, total protein, and
albumin), and testing for antibody titers. Antibody titer testing was conducted by taking blood
serum twice, 7 days after the application of the ND vaccine I and 7 days after the application of
the ND II vaccine (booster). In addition, parameters were measured to assess the safety of NOF
and NOF liquid preparations, including liver function and kidney function. The safety data of the



preparations were collected by observing the anatomical PA and HP of the liver and kidneys on
the 35™ day after treatment.

Statistical and data analyses were performed using the statistical software Graph Pad Prism 5.01
(Graph Pad Software, USA). Data were compared using one-way repeated measures ANOVA.
Normal distribution was checked visually from distributions using the Shapiro-Wilk's W test.
Statistical significance was set at P < 0.05. The results were expressed as the mean and standard
error of the mean. Data were also analyzed using SPSS software, version 16 (IBM, 2011). The
Kaplan-Meier estimator, also known as the product limit estimator, is a non-parametric statistic
used to estimate the survival function from lifetime data.

RESULTS AND DISCUSSION

Designing Natural Antimicrobials to Block the Cytotoxic Effects of Vibrio parahaemolyticus
PirAvp/PirBvp Toxins. Natural antimicrobials could be effective in reducing bacterial
pathogenicity via direct or indirect anti-virulence activities. Compounds exerted direct anti-
virulence activity by suppressing four major potential pathogenic mechanisms of V.
parahaemolyticus-induced AHPND in Penaeus vannamei shrimp, including PirBvp/PirAvp toxin
interaction with P. vannamei shrimp APN- and ALP-receptors, PirBvp/PirAvp toxin homodimer,
and PirAvp/PirBvp heterotetramer formation. Other mechanisms by which natural antimicrobials
can reduce virulence based on their involvement in bacterial physiology may include disruption
of membrane integrity and composition, increased membrane fluidity, alteration of efflux pumps,
ion channels, adherence to epithelial cells, and increases in host defense mechanisms, such as
antioxidant, anti-inflammatory, and innate immune responses against bacterial cells. The
phytochemical constituents of NOF were analyzed using GC-MS with stationary phase nonpolar
columns, leading to the identification of a total of 97 different compounds from n-hexane
extracted oil samples (Figure 1). Eighty volatile constituents were identified, and their
corresponding biological activities, targets, and molecular functions are described. Alfa-terpineol
(6,98%), anozol (6,89%), polypropylene glycol (4,91%), anisylacetone (4.55%), 1,1'-oxybis-2-
propanol (4,19%), eucalyptol (3,91%), and linalool (2.45%) were the main components. The
minor constituents included phenylethyl alcohol, oleic acid, benzyl acetate, anethole, 2-
bornanone, camphor, isoamyl acetate, camphene, borneol acetate, methyl anthranilate, limonene,
linalyl acetate (bergamiol), eugenol, borneol, citronellol, coumarin a-phellandrene, and other
compounds. Most constituents with highly biologically active compounds and well-known
antibacterial, antifungal, and antimicrobial agents, with potent anti-inflammatory molecules,
including NF-xB and MAPK pathway inhibitors, LPS-induced COX-2 expression inhibitors, and

STAT3/TLR4 signaling pathway inhibition. .
Figure 1. GC-MS analysis of NOF
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NOF Compounds,

including

anethole,

anisylacetone,

borneol,

phenylethyl alcohol,

polypropylene glycol, and tripropylene glycol could be potent suppressors of four major potential
pathogenic mechanisms of V. parahaemolyticus-induced AHPND in P. vannamei shrimp,
including PirAvp toxin interaction with P. vannamei shrimp APN- and ALP-receptors, PirAvp
toxin homodimer, and PirAvp/PirBvp heterotetramer formation.
Selected NOF molecules listed in Table 1 form polar interactions with hotspot Lys67, Val68,
GlIn54, and GIn56; Arg39 and His111; and common Ser28 and adjacent amino acid residues,
responsible for the PirA'™ toxin-APN/ALP-receptor binding (in Table 1, these residues are
highlighted in blue and yellow, respectively).

Table 1. Docking of the 15 selected NOF molecules at the binding sites of the V.
parahaemolyticus PirA'P toxin.

Ligand name |docking |protein- Amino acid residues Toxin biological activity
score ligand affinity | interaction modulation
(kcal/mol) | (pKd)
alpha-terpineol| -6.5 4.94 Top 1 scoring vdW:Tyr90, APN-receptor Yes
Asn87; Pi-sigma:Trp57; Pi- | binding
AlKkyl:Trp57, Phe89; ALP-receptor Yes
UAA:Asn87, Ala88 binding
Top 9 scoring H-bond: PirA"® homodimer Yes
Asn87, Ser28 formation
PirA"?/PirB"? Yes
heterotetramer 15-42
formation 52-79
anisaldehyde | -6.7 6.19 Top 1 scoring H- APN-receptor Yes
bond:Asn87; vdW: Phe&9, binding
Asn87, Ala88, Lys67, Asp86:| ALP-receptor Yes
Pi-Alkyl: Phe89; binding
Alkyl:Ala69; Pi-Pi: Trp57 PirA'® homodimer Yes
Top 9 scoring H-bond: formation
Asn87, Asp27, Glu25, Lys67, PirA"/PirB" Yes
Asp86 heterotetramer 15-42
formation 52-79
anisylacetone | -6.1 4.97 Top 1 scoring H- APN-receptor Yes
bond:Asn87, Trp57; binding
vdW:Tyr90, Phe89, Asn87, ALP-receptor Yes
Ala88, Ala69, Trp57 binding
Top 9 scoring H-bond:TtpS7,| PirA* homodimer | Yes
Asn87, Ser28 formation
PirA"/PirB"™ Yes
heterotetramer 15-42
formation 52-79
anozol -7.0 5.35 Top 1 scoring H- APN-receptor Yes
bond:Asn87; vdW: Val68 binding
Ala69, Ala88, Pro60, Tyr90, | ALP-receptor No
Gly58; Pi-Alkyl:Phe89, binding
Ala59; Pi-Sigma:Trp57 PirA'® homodimer | Yes
Top 9 scoring H-bond:Asn87| formation
PirA""/PirB"™ Yes
heterotetramer 52-79
formation




Table 1 continued

benzyl acetate | -5.5 4.47 Top 1 scoring H-bond: APN-receptor Yes
Asn87; vdW: Phe89, Ala88, | binding
Asn87; Pi-Pi: TrpS57 ALP-receptor No
Top 9 scoring H- binding
bond:Asn87, Lys70, Asp86, | PirA™ homodimer | Yes
GIn56, GIn54 formation
PirA"/PirB"™ Yes
heterotetramer 52-79
formation
phenylethyl -5.4 4.12 Top 1 scoring H-bond: APN-receptor Yes
alcohol Trp57, Val68; vdW: Ala88, binding
Ala59, Pro60, Tyr90, Lys67, | ALP-receptor No
Ala69, Asn87; Pi-Pi: Trp57 binding
Top 9 scoring H-bond: PirA*® homodimer | Yes
Asn87, Trp57 formation
PirA"/PirB"? Yes
heterotetramer 52-79
formation
tripropylene -4.7 4.97 Top 1 scoring vdW: Alag8, APN-receptor No
glycol Tyr90, His111,Arg39, Asn87;| binding
Pi-Alkyl: Trp57, Tyr90, ALP-receptor Yes
Phe89 binding
Top 9 scoring H-bond: PirA"” homodimer | Yes
Asn87, Ph€89, Glul 13, formation
Arg84, GIn83, Asp86, Ser40 | PirA*?/PirB'? Yes
heterotetramer 15-42
formation 52-79

These results suggested that seven NOF compounds could bind Po-1 PirA*™ ligand-binding
pocket amino acid residues and subsequently prevent the interaction of V. parahaemolyticus
PirA'® toxin with the APN and ALP receptor active sites and attenuate the loss of enzymatic
activity and cytotoxicity of target cells. In addition, all of these NOF molecules interacted with
different key amino acid residues responsible for PirA**/PirA"” homodimer formation (in Table
1, these residues are red underlighted), possibly resulting in homodimer formation or disturbed
existing PirB**/PirB'? homodimers in infected cells. Moreover, all the NOF compounds were
able to disturb and prevent the PirB**/PirA*P heterotetramer structure, interacting with 15-
WTVEPNGGVTEVDSKHTPIIPEVGRSVD-42 and 52-
TIQYQWGAPFMAGGWKVAKSHVVQRDET-79 sequences of PirA'P.

Alteration of cytokine production by NOF in PBMC culture. We examined the dose-dependent
effect of an essential volatile oil blend on the activation state of PBMCs, particularly cytokine
production. The production of IFN (p < 0.05) significantly increased in cells treated with NOF at
6107 pg/uL. In contrast, the secretion of IL-6 (p < 0.01) by PBMCs decreased following
induction with NOF (6x10% ug/ul). We observed a prominent anti-inflammatory effect of NOF
on PBMCs primed with LPS. In particular, the ability of NOF to inhibit the secretion of several
pro-inflammatory cytokines was demonstrated (Figure 2). Namely, IFNg (p < 0.01) was
downregulated by the highest concentration of NOF (6x107 pg/ul). Similarly, production of IL-
1B was significantly decreased by all concentrations of NOF (6x1072 pg/ul, 6x10° pg/ul, and
6x10™*pg/ul). Supplementing the medium with the two highest concentrations of NOF (6x107
pg/ul, 6x107 pg/ul) reduced the levels of IL-6 (p < 0.05) and TNFa (p<0.01) compared with the
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cells incubated only with LPS. The production of anti-inflammatory IL-10 (p < 0.01) was also
significantly decreased in this group by NOF (6x10 pug/ul, 6x107 ug/ul, and 6x10* pg/ul).
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Figure 2. Cytokines production by PBMCs, isolated from 6 healthy donors, stimulated with LPS
(100 ng/ml) and LPS + NOF (concentrations: NOF/1 (6x107 pg/pl), NOF/2 (6x107 pg/ul), and
NOF/3 (6x107* pg/ul) for 24 h. *p<0.05, **p<0.01, ***p<0.001.

Screening for antimicrobial activity. The degree of inhibition was determined by the values of
the NOF 1Z diameter ). The NOF showed moderate (+) inhibitory activity against four of the six
tested bacterial strains. The inhibition has been recorded against gram-positive Micrococcus
luteus (1Z, 10.13 + 0.8762 mm), Staphylococcus aureus (1Z, 10.50 + 1.756 mm), and
Staphylococcus epidermidis (1Z, 8.3 + 0.7 mm) and gram-negative Pseudomonas aeruginosa (1Z,
12.59 + 0.4185 mm). Even at a 1:10 dilution, the oil continued to show an antibacterial effect
against Pseudomonas aeruginosa (1Z, 8.37 + 0.29 mm). The antibacterial potency of the NOF
blend against a panel of pathogenic microorganisms was evaluated by measuring the MIC. The
results are presented in Table 2. Natural herbal formulations exhibit antibacterial and antifungal
activities. In particular, Candida albicans strains exhibited a higher sensitivity to the tested
formulation (from 0.625 mg/ml to 1.25 mg/ml in terms of MIC).

Table 2: Antibacterial activity of NOF Formulation against bacterial and yeast strains expressed

by MIC
. . NOF Tetraciclyn Fluconazole
Bacterial and yeasts strains (mg/ml) (ug/ml) (ug/ml)

Staphylococcus aureus ATCC-6538 2.5 0.006 ND
Staphylococcus epidermidis ATCC-12228 2.5 6.25 ND
Escherichia coli ATCC-8739 2.5 24.8 ND
Salmonella entericaserovar Typhimurium

ATCC-14028 25 233 ND
Pseudomonas aeruginosa ATCC-9027 2.5 133 ND
Micrococcus luteus ATCC-10240 2.5 29.4 ND
Candida albicans ATCC-10231 1.25 ND 250
Candida albicans NCTC-885-653 0.625 ND 500
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Efficacy of NOF in Improving Clinical Performance of Penaeus vannamei White Leg Shrimp
AHPND or Early Mortality Syndrome (EMS) Bacterial Challenge Model. Challenged shrimp
displayed clinical signs (such as anorexia, lethargic swimming, pale coloration of the body, and
HP) at 9 h post-challenge. Typical gross signs of AHPND (gut with discontinuous content, an
empty gut, or pale colored HP) were seen 21 h post-challenge. The gross signs started recovering
after day 4-5 of challenge in the groups. Mortalities were started at 9 h post-challenge and seen
clearly at 21-24 h post-challenge. The average cumulative mortality rate is presented in Figure 3.

The highest survival rate was 86.7% in treatment group 1 (regular feed + 40 ppm NOF+EMS).
Relative percent survival (RPS) is based on cumulative mortality (CM) and the best RPS
recorded value was 86.7% for group 4 (regular feed + 40 ppm NOF +EMS)), followed by group 2
(regular Feed + 80 ppm NOF +EMS) (76.7%). A comparison of the total Vibrio counts from
samples were taken before the challenge, 3 h post-challenge, 6 h post-challenge, and 24 h post-
challenge. All the challenged tanks showed the presence of Vibrio bacteria in the water after the
challenge. The pick count was recorded at 6 h, decreasing at 24 h interval. HP and stomach
samples were collected from moribund shrimp for PCR (Vibrio parahaemolyticus causing
AHPND) were taken on day 2 after the challenge (48 h after the challenge). All treatment groups
samples were PCR positive for EMS. The 40 ppm dose demonstrated a better relative percent
survival value than the other doses. There was a 100% reduction in green Vibrio within 24 h of
the challenge with NOF. The developed NOF shows potential as an anti-AHPND/EMS product
based on a lab-scale trial, with laboratory results indicating that in a controlled environment,
NOF containing natural oil extracts can prevent AHPND.
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ANOVA (40 ppm compared to positive control)
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|‘ Sum of Squares df Mean Square F Sig
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Sum of Squares df Mean Square F Sig.
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Figure 3. Survival rate of shrimp fed with regular Feed+NOF. Formula = 1- (% mortality in
Treatment Group/% mortality in Positive Control) x100.
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Effectiveness of NOF against Infectious Myonecrosis Virus in White Leg Shrimp (IMNV)
Penaeus vannamei. The NOF, which was directly poured into the tank water, supplemented the
protection level; this was done to reduce the gross sign during the stressed condition, especially
when the feed consumption dropped. NOF was applied daily to maintain optimum protection
levels. The NOF was applied to the experimental shrimp in the form of feed and as a liquid
supplement for the first 14 days to develop a sufficient level of protection The gross sign started
to appear on dpi 4 in the positive control group and reached 83.3% on dpi 14. In the treatment
group, the gross sign occurred on dpi 12, and the highest gross sign recorded was 16.7%. The HP
analysis and PCR test results showed that the positive control shrimp grade ranged from severe to
light positive to IMNV, whereas the surviving shrimp in the experimental group were light
positive, while negative control groups were negative for IMNV. This indicates that the blend oil
mixed feed could reduce IMNV multiplication and thus the viral load in the shrimp body. A
higher rate of cumulative mortality was recorded in the positive control group than in the
experimental group. The first mortality was recorded on day 11 of the challenge in the
experimental feed groups, showing the antiviral activities of the product compared to the positive
control group, where mortality started on day 4 of the challenge. This shows that viral
multiplication slowed down in the presence of NOF (Figure 4) and the survival rate in the
treatment group was 91.7% compared to 41.7% in the control. It took a longer time for the
IMNV to reach virulence levels in the treatment group compared to the control. The appearance
of white muscles in IMNV-infected shrimp is a typical sign. White muscle appearance occurs
due to the death of tissue in that region. Tissue regeneration occurs in non-stressed conditions,
generally requiring 3-4 weeks. The chances of recovery are lower in stressed shrimp conditions.
Moreover, there was a significant difference between the experimental and control groups.
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e Positive control =~=@-=Negative Control Treatment
ANOVA
Cum
Sum of
Squares df Mean Square F Sig.
Between 15114.286 1 15114.286 2743.539 000
Groups
Within Groups 66.109 12 5.509
Total 15180.394 13

Figure 4. Survival rate percentage of experimental and control shrimp.
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The histopathological analysis of surviving shrimp from the treatment and positive control
groups showed noticeable differences. The slides of the positive control group showed abnormal
muscle in the positive control group, showing signs of necrosis and hemocyte infiltration, typical
signs of IMNV infection. Likewise, the PCR analysis report showed that the positive control
shrimp were positive for IMNV, whereas the treatment and negative control shrimp were
negative for IMNV.

Study on Efficacy of NOF in Improving Clinical Performance of Penaeus vannamei White
Leg Shrimp in White Spot Syndrome Virus (WSSV) Challenge Model. Cumulative mortality,
gut content, shrimp activity, and mortality rate were recorded daily. The Survival rate on day 10
of the challenge is as follows Negative control - Initial population: 48; Cumulative Mortality: 1;
Gut content full: 46; Gut content empty: 1; Molting: 1; Non active shrimps: 0. Positive control -
Initial population: 48; Cumulative Mortality: 40; Gut content full: 0; Gut content empty: &;
Molting: 1; Non active shrimps: 8. Treatment group (NOF)- Initial population: 48; Cumulative
Mortality: 0; Gut content full: 47; Gut content empty: 0; Molting: 1 and Non active shrimps: 0
(Figure 5).

SHRIMPS SURVIVAL RATE (%) .
10
80
20%
0.4%
0%
oAl om2  om3 o4 oM om DM7  DMA  DM9 DAI0 DRIl DMz DP13 DA14 DRI1S
Day Post Infection
—e—rasitive control  —8—Negative Contro Treatment
ANOVA
Cum
Sum of T
Between Groups 37083.429 2 18541.714 4180.396 9.75E-25
Within Groups 79.837 18 4.435
Total 37163.266 20

Figure 5. Survival rate percentage of experimental and control shrimp.

The remaining shrimp from all groups were tested for the presence of WSSV by PCR. WSSV
was positive in the positive control, whereas the negative control and NOF groups were negative
for WSSV (Figure 6).

Impact of NOF in Productivity and Blood Parameter on Calves During Growth and
Transportation Period. The effect of NOF on calves during the growth period, and the
productivity of calves fed with NOF supplementation did not differ from that of the control (P >
0.05). However, at the end of the experiment, the final weight of calves supplemented with NOF
had a bodyweight 6.85% (8.8 kg) higher than that of the control (Table.3).
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Note
Marker
Marker Negative
Marker Positive

Lane

M

K-

K+

1 Negative Control - 1
2 Negative Control - 2
3 MNegative Control - 3
4 Positive Control -1
5 Positive Control - 2
6 Positive Control - 3
7 NOF 9D-1

8 NOF 9D -2

9 NOF9D-3

Figure 6. PCR results of the WSSV-
infected control, negative control, and
NOF group shrimp.

Table 3. Effect of NOF on calves bodyweight (kg) during transportation and recovery period.

Period
Treatment Before After Average
. . Recovery
transportation transportation
Control 70.08+10.07 65.52+10.31 79.62+11.23 71.74+11.85"
NOF 73.58+9.07 69.90+ 9.40 83.25+10.47 75.59+10.98"
Average 71.83+9.54° 67.71+ 9.90" 81.44+10.77° -

a,b,c - mean value with different superscript letters within a row differ significantly (P < 0.05)
x, y: mean value with different superscript letters within a column differ significantly (P < 0.05)

Dietary NOF yielded a higher bodyweight (P < 0.05) than the control group. The NOF-fed calves
had increased bodyweights up to 5.6% (4 kg) compared to the control. Bodyweight after
transportation was lower than before the transportation condition and after the recovery period.
There was no interaction between the period and treatment (P > 0.05). Dietary intake of NOF did
not affect bodyweight loss during transportation and gain of the recovery period (P > 0.05);
however, the treatment reduced bodyweight loss by 1.39 kg compared to the control. This study
showed that supplementation with NOF had a significant effect on uric acid and albumin content
(P < 0.05); however, no difference was observed in calcium, phosphor, and total protein between
the NOF supplementation and control. The levels of uric acid and albumin increased during NOF
supplementation before transportation. Hematology evaluation indicated no effect of dietary
NOF; however, the level of leucocytes increased (P < 0.05). After transportation, the NOF
supplement decreased uric acid (P<0.05); however, it did not influence calcium, phosphor, total
protein, and albumin levels. NOF significantly increased hematocrit, MCV, and MCH and
decreased MCH. Hemoglobin, leucocytes, erythrocytes, neutrophils, and lymphocytes were not
influenced by NOF supplementation (P > 0.05). Dietary NOF significantly affected final
bodyweight (P < 0.05) on day 122; however, it did not affect daily gain (P > 0.05). Dietary NOF
increased bodyweight by 7.78% (12 kg) during the feedlot period. The addition of NOF, which
contains EO, optimizes the digestion process by increasing the fermentation activity in the
rumen, especially with the reduction of methanogenesis and energy waste; increases the
production of microbial protein; and reduces ammonia concentration. Selecting EOs in ruminant
feed additives should be able to boost rumen microflora proliferation, increase the amount of
propionate, and reduce the production of acetate and methane without changing the total amount
of VFA. In conclusion, the addition of NOF (2 kg/ton feed) increased the health status and
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reduced bodyweight loss during transportation. Thus, NOF improved the economic value after
the 122-day feedlot program.

Efficacy of NOF and NOF Liquid on Productivity of Broiler Chicken as Antibiotic
Replacement Strategy. The effect of NOF and NOF liquid addition on chicken productivity can
be seen through several indicators, such as body weight gain, final bodyweight, mortality, and
FCR. Data from the results of testing the efficacy of NOF and NOF liquid on broiler chicken
productivity are presented in Table 4.

Chicken feed consumption showed no significant difference between the chicken groups
administered NOF or NOF liquid and the control group. Chicken feed consumption given by
NOF had a value of 70.55 g/bird, given NOF liquid with a value of 71.84 g/bird, while the
control chicken group had a feed consumption value of 68.80 g/bird. Feed consumption in the
two treatment groups tended to be higher than that in the control group. This is indicated by a
higher final weight compared to that of the control group. Data on broiler chicken water
consumption showed that broilers with NOF in the feed had higher drinking water consumption
than control chickens and chickens fed NOF liquid.

Table 4. Effects of NOF and NOF liquid on the productivity of broiler chickens.

Group
Control NOF NOF Liquid

Feed consumption 68.80 + 6.00° 70.55 +3.33° 71.84 £3.23°
(g/chicken/day)

Water consumption 190.01 + 16.72° 224.27 + 10.80° 186.32 + 8.26"
(mL/chicken/day)

Body weight gain (g) 1457.00 + 8.15° 1555.50 +3.25* 1570.00 + 3.15%
Final weigh gain (g) 1496.20 + 7.95" 1594.70 +3.17* 1609.10 + 3.07*
Mortality (%) 10.00 5.63 8.75
FCR 1.65+0.14" 1.59 £0.07* 1.60 +0.07°

Note: different superscripts on the same line show significantly different results (p < 0.05)
Note: Different superscripts on the same line show significantly different results (p < 0.05)

The water consumption of the NOF group chicken was 224.27 mL/bird, 186.32 mL/bird for the
NOF liquid group, and 190.01 mL/bird for the control group. These results indicate a
phenomenon in which chickens that receive the liquid NOF treatment have a lower drinking
water consumption; moreover, the feed consumption tends to be higher than the control.
Conversely, chickens given NOF treatment in feed consumed more drinking, and feed
consumption tended to be higher than the control. The final weight of broilers harvested after 4-5
weeks is in the range of 1.2-1.9 kg/bird; the body weight gain of broiler chickens reached 48.65
g/bird/day. These results indicate that the final bodyweight of chickens administered NOF and
NOF liquid preparations significantly differed (p < 0.05) from that of the control group, where
the results of the two treatment groups were better than those of the control group. The average
final bodyweight in the NOF group was 1594.70 g/bird and 1609.10 g/bird for the NOF liquid
group, while the average final bodyweight in the control group was 1496.20 g/bird. NOF liquid
through drinking water increased body weight gain by 6.76% and 7.75% compared to control
chickens. In addition, the administration of NOF in feed and NOF liquid through drinking water
also increased the final weight of chickens by 6.58% and 7.54%, respectively, compared to
control chickens. Measurement results showed that adding NOF in feed and NOF liquid through
drinking water can increase the bodyweight growth and final bodyweight of broiler chickens. In
addition to body weight gain and final bodyweight, efficiency in this study is indicated by the
FCR. The FCR value is a comparison between feed consumption and body weight gain over a
certain period. The high value of feed conversion indicates that more feed is needed to increase
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the bodyweight per unit weight. The administration of NOF and NOF liquid in the chickens
showed lower FCR values of 3.63% and 3.03% compared to controls. The FCR values of the
NOF and NOF liquid treatment groups were 1.59 and 1.60, respectively, while the FCR value in
the control group was 1.65. The administration of NOF and NOF liquid in broiler chickens
resulted in mortality rates of 5.63% and 8.75%, respectively, while mortality in the control group
was 10.00%. Chicken mortality also decreased in the chicken groups given NOF and NOF liquid
by 43.70% and 12.50%, respectively, compared to the controls (Table 4). Meanwhile, at weeks 3
and 4, chickens with NOF in feed and NOF liquid administration through drinking water had
higher body weight gains than the control group. At week 5, the growth of the experimental
chickens in all treatment groups had the same value. The average body weight gains in the
treatment group given NOF preparations every week were 124.19, 286.71, 404.01, 369.99, and
370.65 g/bird. The average body weight gains in the treatment group given NOF liquid
preparations each week were 126.80, 292.94, 387.96, 393.55, and 368.66 g/bird. The control
group only experienced successive body weight gains every week; 132.53, 272.23, 363.53,
353.97, and 334.74 g/bird.

Through the consumption of feed and water when associated with the phenomenon of final
chicken weight, the NOF and NOF liquid group chickens had a greater final bodyweight
compared to the control group chickens. Feed and water consumption that is not significantly
different can produce a better final weight values than the control group. This shows that the
adding NOF and NOF liquid can improve the efficiency of nutrient absorption of feed, resulting
in a better final bodyweights. Proximate analyses were conducted to determine the water content,
crude protein, crude fat, BETN, and ash in broiler chicken meat on the chest, thighs, and wings.
Water content in meat has a pattern that is inversely proportional to the fat content in meat. This
means that meat with high water content has a low fat content. For water content, the crude
protein, crude fat, and BETN in meat (chest, thigh, and wings) for all treatments had relatively
similar values. Breast meat ash in the chicken group given liquid NOF was lower than that in the
control group. Likewise, the ash content of experimental chicken thighs given NOF and NOF
liquids was lower than that of the controls. In contrast, the ash content of the experimental
chicken wings in all treatments was the same. Ash contents in the breast for the control, NOF,
and NOF liquid were 1.57%, 1.37%, and 1.29%, respectively, while the thighs had ash contents
of 1.23%, 1.10%, and 1.12%, respectively. The NOF and NOF liquid preparations resulted in
decreased ash content in broiler chicken meat. A decrease in ash content in meat resulted in an
increase in the organic matter content.

CONCLUSIONS

1. NOF compounds, including anethole, anisylacetone, borneol, phenylethyl alcohol,
polypropylene glycol, and tripropylene glycol could be potent suppressors of four major
potential pathogenic mechanisms of V. parahaemolyticus-induced AHPND in Penaeus
vannamei shrimp, including PirA" toxin interaction with Penaeus vannamei shrimp APN-
and ALP-receptors, PirA'? toxin homodimer, and PirA*?/PirB*? heterotetramer formation.

2. The NOF mixture showed moderate antimicrobial effects against six bacterial strains
(Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Salmonella enterica
serovar Typhimurium, Pseudomonas aeruginosa, and Micrococcus luteus) and two fungal
Candida albicans strains in vitro. We observed a prominent suppression of proinflammatory
cytokine production by LPS-primed PBMCs in the presence of NOF. Therefore, our results
suggest that NOF may serve as a promising pharmaceutical agent with combined anti-
inflammatory, antimicrobial, and antifungal action.

3. A bioassay trial was conducted to determine the efficacy of the developed product, NOF, as
an anti-AHPND. The obtained results demonstrated that the survival rate was 43.3% in the
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positive control group, 76.7% in the 80-ppm NOF group, and 86.7% in the 40-ppm
NOFgroup at dpi 8; no mortality was recorded in the negative control. The trial results
showed that the developed NOF had a significant effect against AHPND-Vibrio
parahaemolyticus under controlled conditions.

Provision of NOF 2-kg/ton feed and NOF liquid 0.5-mL/L drinking water in broiler chickens
was effective in increasing the productivity and health of broiler chickens, characterized by a
higher increase in final weight and lower mortality compared to control group chickens. NOF
2-kg/ton feed and NOF liquid 0.5-mL/L drinking water were proven safe (non-toxic to
chickens) based on liver function (SGPT and SGOT), kidney function (urea and creatinine),
and PA and HP descriptions from the liver and kidney.

The trial results on the IMNV of Penaeus vannamei shrimp showed that the developed
blended oil extract formulation had a significant effect against IMNV under controlled
conditions. The developed product is user-friendly as it is mixed and incorporated into the
shrimp feed in specific amounts to have antiviral properties.

The study aimed to evaluate the impact of NOF in productivity and blood parameters on
calves during their growth and transportation period, demonstrating that the addition of NOF
(2-kg/ton feed) increased the health status and tended to reduce bodyweight loss during
transportation. The NOF improved the economic value after the 122-day feedlot program.

The NOF efficacy results of the clinical performance of white leg shrimp (Penaeus
vannamei) in the WSSV challenge model showed that the developed blended oil extract
formulation had a significant effect against WSSV in controlled conditions. The developed
product was incorporated into shrimp feed in specific amounts to obtain antiviral properties.
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PUPPL3UL <U34 <NYUPh

PNRUUYUL <UUU48YUD LN BetNru3nheNh <U4URU4SENU3PL,
<uvudh,NrUUBhL BY4 hUNRLAUNNRL3USNN <USUNRa3NRLLEN
NrUNRULUURPNRGESNRLLE IN VIVO BY IN VITRO

uveneughr

Cwugniguwht pwnbp' pnuwlwtu dwadwu gunnn Gebipwinintn, Penaeus vannamei
onjwfubiggbinup unip hbwwuwnubypngh Ywd Jwn dwhwgnipjwt  hwdwluwnwuhy,
IMNV L WSSV yhpnwubip:

Ubpyuwjwgywd wnbuwfunuwlwt wofuwwnmwupp wunpwnwnd b wjuwhup wpnhwywu
pdoywybuuwpwuwlywu fuunpp, puswhuhtu £ pnuwlwi dwgdwu YEuwpwuwlwu
wywhy unebph, wnjw; nbwpnud' gunnn  Gpbpwinintph  hwlywpwywnbipwhu,
hwwyppnwwihtu b pdniundnnniywnnp - hwnynyeniuutph nwinwduwuppnee)niup:
dwdwuwlywyhg hwlhwphnnpyupebpwwhwtu niuh gwdp ESGYnpYnignit W 2wwn
uwhdwuwhwyJwsd £ uwdwds  hwlwphnnplubph  tquwwdwdp  Yuyniu
dhypnopqwuphquutiph  pwwdbph  wwpwdJwdnipjwdp:  Uhypnpubph  Ynndhg
Ywyniunipjwu  dGfuwuhqdubpp hGounnygudp Gu &bnp pbpynid, huswbu de novo
dnunwghwubph  wnwowgdwl, wjuwbu b opowlw dhowywiph wy dhypnpubinhg
gbubph  hnphgnuwywu  wnbnwihnfudwu  wpryniupnud:  Yhpwnwlwu  pdoyniejwu
hwdwp  unp, pwpép EPbYunhynipjudp, hwwdwupbwihtu, hwwdhpnuwhhtu b
hdntundnnniywwnnp  hwnynieyniuutpny  odndwd  nbnwdhongubiph  dowynwp nt
Yhpwnnuip, npnup punniiwly Bu Guglk] wwengbunyejwu gnpdnuutiph tpuwpbuhwih
wpngbtiutbipp, huswbu bwlb nbnwdhongubiph Ujwwdwdp Ywjniunipjwt wnwewgndp
hwunpuwund  Gu  dwdwuwlwlhg Jdwupbtwpwunigywu U dnGYnywpoowipu
YEluwpwunyejwu  wpnhwywu  fuunppubp: Ywwyws  Jepnhhywih  hbn' UGS
hGwwppppnigintu £ ubipyujwgunud wynnbughw| hwywdhypnpwiht wgnbigniejwdp
odnywd pnwwywu hwdwlygyws gunnn Gpbpwinintpp fuwnunipnph (NOF, Lavisul,
Pinus, Jasminum, Cytrus, Prunus, Viola, Gardenia, Cocos - Rosa, Eucalyptus)
hwlwpwywbpwiptu, hwlwdphpnwwiht b hdnwundnnnyywwnnp hwnyngyniuutiph
nwnwuwuppnipiniup yhpnwubph, wnihnbghunbun pwynbphw) swnwdbph Jpw in
vivo W in vitro: Upfuwwwupnd Yppwnytp U nwuwlwu U dwdwuwlwyhg
hintbwpwuwlwu, poowlbluwpwuwlwu, dwuptwpwuwlwu, yYhpnuwpwuwlwu,
YGuuwphdhwywu, wwendnpbninghwlwu, hjnujwdpwpwuwywu,
dniEynywytuuwpwuwlwu, yhdwwgpwwu b YEuuwhudnpdwnplwh deennubin:

Lbpywjugywsé wotuwwmwupnd wnwoht wugqwd nwnwuwuphpyb) b NOF fuwnunipnh
hwlwdwupbwihu W hwwpnppnpwiht wgnbtignyeniup dwpnnt dwjpwdwuwiht wpjw
dnununwytwpubph hwp- W hwlwpnppnpwiht ghwnnyhuubph wpnwnpnigjwu ypw in
vitro Wwjdwuubpnwi: Suwhwwnyb £ NOF-h hwwpwwnbphw| wpryniuwybunnge)niup
Penaeus vannamei dnjwlutiggbintuh unip hbwwwnubypngh Ywd Jun dwhwgnipjuu
hwdwfunmwuhgh dnnbnd in vivo: Npnayb £ pnwwwwt jnintph hwywdhpnwiwihu
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wpryntuwybwnentup - IMNV - Jhpnwny  hwpnigywd  Penaeus  vannamei
onjwfutiggbinup dphnubypngh, huswbu uwlb WSSV dhpnund  wwjdwuwynpywd
uwyhwnwy pdtiph hwdwfunwuhoh dnnbubpnd: Suwhwnyt B NOF-h wgnbgnipeniup
hnpebph wbnwihnudwt dwdwtwwhwwnwdnd wéh, YyGpwpumwnpnnulwuniyejwu
L wpuwu wwpwdbnpbph ypw U hwybph  dnn npwbu  hwlwphnunhlubph
ognwgnpddwu wj|punpwupwihu thnfuwphudwu nwquiwywpniejwu
wpryntuwybwnneniup: Ywwnwnpgwsd hGunwgnunniegniuubph wpnynupubpp gnyg Gu
wyti|, np NOF fuwnunipnp odinjwd b hwywdwupbwihu wgnbgnipjwdp 6 pwlunbphw
(Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Salmonella enteric
serovar Typhimurium, Pseudomonas aeruginosa, Micrococcus luteus) U 2 uulwjhu'
Candida albicans unwunwpw jwpnpwwnnp 2nwdbph Uuwndwdp: Pwugwhwjnyb t
npw  hwlwpnppnpwih Jun  wpunwhwjndwsd  wlywnpynyeyniup'  LPS-fupwuywd
Swjpwdwuwiht wpjwu  dnununtyGwpubph Ynndhg hwppnppnpwihtt ghnnyhuubiph
wpunwnpnipjwt - wyuhwn  Gupnudnyg: Uwwgnigytip £ NOF-h  hwwubwunhy
wywhynipiniup  Penaeus  vannamei  dnqwlubiggbimup  Vibrio  parahaemolyticus
pwywbphpwubpny  wwjdwuwynpywd  hbwywwmnwwuypbwwnpy  hwdwfunwuhoh
qupgugdwt ntwpnwd, npuntin Ytunwuhubph wwpbhnieniup hnpduwywu fudpnid
Ywqub) £ 64,7-76.5%: Onjwfjubiggbwnpuubph  IMNV  Jhpnwwihtu - dhnubypngh
nwnuwuppnijwt wpryntupubipp gnyg Gu wndb, np wypbwwpwunp gnigwpbipnud |
hwyjwuwnh in vivo hwwyhpnwwjhu wynmhynieyniu: Ybpbph dby ubpwnywé NOF-h
pwnép wpnwhwjnywsd hwwyhpnwwiht wpryniuwybwnieniut wwwgnigyb) £ uwl
onjuwfutiggbiinup WSSV dhpnwiny  hwpnigywd uwhwnwly pdtph  hwdwfuwnwuhoh
Yihupywlwu pupwgph, Yhunwuhutiph wwptipnyegw L ghpnwh ntyihlughwh
gnigwuhoubiph hwjwuwh pwpbwydwdp: Awihwquug d6s hGunwppppnieniu Bu
wnwowgunui NOF-h' npwbu  hwlwphnuphlubp  oguwgnpddwt  wypuunpwupwihu
thnfuwphudwu nwqgdwywpnipjwu wpryntuwybwnnipjwu dbidwdwywy
nwunwuwuppnijwu wpryntupubipp, npntn hunwy gnyg £ wipdb) hnpebph U hwybph
wwpbpnigywu,  wbdh, Jbpwpunwnpnnuywungejwu W owy  gnigwupubph Jpw
wwwnpwuwnntyh fupwunn wgnbgnieniup:

BABUKSH AK OBCEIIOBUY

N3YYEHNE AHTUBAKTEPHMAJIBHBIX, ITPOTMBOBHPYCHBIX
NMMMVYHOAYJIATOPHBIX CBOUCTB PACTUTEJIBHBIX JIETYUHUX DOUPHBIX MACEJI
IN VIVOW IN VITRO

PE3IOME:

KiroueBble croBa: Jieryune Od(QuUpHbIE Macia pPacTHTENPHOTO HPOMCXOXKICHUS, OCTPbIH
relaTOHEKPO3 WM CHHAPOM IPEXJEBPEMEHHON CMEPTU KPEBETOK Penaeus vannamei, BUPYCh
IMNV u WSSV.

IIpencraBnennas guccepramusi SBISIETCST OOpalieHHeM K TakKoi aKTyaJlbHOM —MEJUKO-
Ouonoruueckoi mpobieMe, Kak HM3yUeHHE aHTHOAKTEPUANbHBIX, IPOTHBOBUPYCHBIX H
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MMMYHOMOZIYJIUPYIOIIUX  CBOMCTB  OHOJNOTHYECKH aKTHBHBIX BEHIECTB  PACTUTEIHHOTO
NMPOMCXOXKJCHUS, B  JAaHHOM  ciydae JieTydunx d¢upHbeIx  Macen.  CoBpeMeHHas
aHTHOaKTepHagbHas Tepanus HMMeeT HHU3KYyI0 3(QQEeKTHBHOCTP M BechbMa OTpaHHYEHa H3-3a
PacIpOCTPaHEHHOCTH YCTOMYMBBIX K aHTHOMOTHKAM INTAMMOB MHKPOOPTaHU3MOB. MeXaHU3MBI
PE3UCTEHTHOCTH MHUKPOOOB BKIIOUAIOT Kak TeHepaluuio de novo MyTaluid, Tak H
TOPU3OHTANBHBIA IMEPEHOC TEHOB OT JPYTMX MHKpPoOOB. Pa3paboTka M mpHMEHeHHE s
MPaKTUIECKOit MEULUHBI HOBBIX BBICOKO3((EKTUBHBIX MPOTHBOMUKPOOHBIX,
MIPOTUBOBUPYCHBIX ¥ NMMYHOMOYJIHPYIOIIUX IIPENapaToB, CIIOCOOHBIX ITOABISTE IKCIIPECCHIO
(akTOpOB MATOT€HHOCTH, a TAaKKe pa3BUTHE JIEKAPCTBEHHOHW YCTOWYHMBOCTH, SBIISIFOTCS
aKTyaJbHOH IpOoOJIeMOil COBpeMEHHOH OHMOJIOTMM M MUKPOOHOJIOTHH. B CBS3M ¢ M3M0XKEHHBIM
OONBIION MHTEpEC MPEJCTaBIsET W3YUCHHE aHTHOAKTEPUAIbHBIX, IPOTHBOBUPYCHBIX H
HMMYHOMOJYJIUPYIOLUIMX CBOWCTB cMecH 3¢upHbIXx Macen pacrenuit (NOF - Lavisul, Pinus,
Jasminum, Cytrus, Prunus, Viola, Gardenia, Cocos - Rosa, Eucalyptus) ¢ moTeHIManbHbIM
AQHTMMUKPOOHBIM JISHCTBMEM Ha BUPYCBI, NOJUPE3UCTCHTHBIE LITAMMBI OAKTEPUH in vivo W in
vitro. B paboTe HCMOIB30BaHbl KIACCHYECKHE MMMYHOJIOTHYECKHE, KIETOUHO-OHOIOTHYECcKHE,
0aKTEepHOJIOTUIECKHE, BUPYCOJIOTHYECKHE, OnoxuMH4ecKue, aTOMOP(OJIOTHIECKHE,
THCTOJIOTHYECKHE, MOJIEKYIIPHO-ONOIOTHYECKUE, CTaTUCTHYECKHEe M OHOMH(OpMaTHYECKUE
METOJIBL.

B mHacrosmielt pabGoTe BHEpBEIE H3YYEHO AaHTHOAKTEPHAIBFHOE U IIPOTUBOBOCIIANUTEIHHOE
neiicteue  NOF Ha mpoBocmanuTeNbHble IMTOKHHBI, HPOAYLUpPYEMble MOHOHYKJIEAPHBIMH
KIeTKaMi  repudepudeckod  KpoBHM  yenoBeka.  OuenHuBamach — aHTHOAaKTepuaibHAas
a¢pdexruBHocTs NOF Ha MOjeNd OCTPOro remnaToHEKpO3a WIIM CHHIPOMAa paHHEH cMepTu y
KpeBeToK Penaeus vannamei in vivo. OnpeneneHa NpOTUBOBUPYCHas 3(GQEKTUBHOCTH
pacTHTENBbHBIX Macesl HpH HHAynupoBaHHOM BHpycoM IMNV wmko3ze kpeBerok Penaeus
vannamei, a TakXxe IpH CHHApoMe OenbIx msateH Bupyca WSSV. Onenusanocs Biussaue NOF Ha
POCT, PEeNpOXyKIMIO M IIOKA3aTelIH KPOBU Y IBIUIAT B Ka4eCTBE aJbTEPHATHBHOI CTpaTerdu
3aMEHBl aHTHOWOTHKOB y TeysiT. Pe3ymbraThl mcciemoBaHuii mokaszamu, uro NOF obmamaer
AQHTUMUKPOOHOW aKTHBHOCTBIO B OTHOUICHMH 6 OakrepuaibHbiX (Staphylococcus aureus,
Staphylococcus epidermidis, Escherichia coli, Salmonella enteric serovar Typhimurium,
Pseudomonas aeruginosa, Micrococcus luteanus) n 2 rtpubkoBbix — Candida albicans
CTaHJapTHBIX Ja00PaTOPHBIX ITaMMOB. Ero BhIpaXkeHHas: IPOTHBOBOCHAIMTEIbHAS AKTHBHOCTD
MpOSIBISIETCST B IOJAABICHHM  NPOAYKIWH  IPOBOCIANUTENBHBIX — murokuHoB  JITIC-
CTUMYJIIPOBAaHHBIMH MOHOHYKJICAPHBIMHU KJIETKaMH ITepru(peprIecKoil KpOBH. AHTHCENITHIECKAs
aktuBHOCTs NOF ObUIa IPOJEMOHCTPUpPOBAaHA IIPH Pa3BHTHM Te€HNAaTONAHKPEAaTHIECKOTO
CHHZIpOMa, BBI3BaHHOTO Oakrepueil Vibrio parahaemolyticus xpeBetok Penaeus vannamei, Tae
BBDKUBAEMOCTD JKUBOTHBIX OIBITHON IpymIbl cocraBuia 64,7-76,5%. Pe3ynbpraTsl ncciaejoBaHU
BUpycHOro MuoHekpo3a IMNV y kpeBeTok mokasaiu, 4To IpernapaTr MoKa3al JAOCTOBEPHYIO
HPOTHBOBUPYCHYIO aKTHBHOCTb in Vivo. Bbicokas nporuBoBupycHas sddexruBHocts NOF B
KopMax OblTa TPOAEMOHCTPHPOBAHA JOCTOBEPHBIM YIyUIICHHEM KIMHHYECKOTO TEUCHUS
CHHZIpOMa OENbIX IMATEH, BhI3BAaHHOTO WSSV KpeBeTOK, BBKUBAEMOCTH KUBOTHBIX U CKOPOCTH
pelumKanuy BHUpyca. bBoibmoIod HMHTEpec MpPEeACTABIIOT pEe3ybTaThl MIMPOKOMACIITAOHBIX
uccienoBanuit 3¢ pexrusHocty NOF Kak anbTepHATHBHON CTpaTEruyl 3aMEIICHUS TPUMEHECHHS
aHTHOMOTHKOB, KOTOpHIE HATJIIAHO ITOKA3hIBAIOT CTHMYJMpYIOIIee IeHCTBHE Ipenapara Ha
BEDKHBAEMOCTb, POCT, BOCIIPOU3BOJICTBO M APYTHE MOKA3aTeIN Y TEJAT U Kyp.
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