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Abstract

Background. The research laboratory Progressive biotechnologies in aquaculture
of the Saratov State University of Genetics, Biotechnology and Engineering named
after N.I. Vavilov studied the effect of complexes of B-cyclodextrin on the healing of
skin wounds in hybrid sturgeon fish. The total microbial count of sturgeon cut wounds
was determined using the culture method and the composition of the microflora of the
fish colon using the qPCR method under the influence of the 3-cyclodextrin complex.
This complex was 8- cyclodextrin with levofloxacin included in a chitosan shell. The
complex was adsorbed on the surface of the feed that the sturgeons received daily.
Changes in the total microbial count demonstrate the nature of the inflammatory pro-
cess and the effectiveness of the use of therapeutic drugs. The study of the colon mi-
crobiota also demonstrates the result of using these complexes in fish. It was found
that the use of antibacterial complexes of 3-cyclodextrins with chitosan on sturgeons
leads to a significant decrease in the total microbial count of the wound surface. The
highest antimicrobial activity was established for the chitosan-B-cyclodextrin complex
with 20 and 15% levofloxacin content. The presence of bacteroides, eubacteria, clos-
tridia, peptostreptocci, enterobacteria, lactobacilli and staphylococci were determined
in the composition of the normal flora. At the same time, by the end of the experiment,
the microbiome of the large intestine of fish is characterized by the restoration of the
number of lactic acid bacteria. The research results can be used in aquaculture in the
process of fish cultivation in the treatment of injuries to the outer coverings received
during transportation and sorting.

Purpose. Reproduction and cultivation of fish in aquaculture is inevitably asso-
ciated with trauma to the skin of fish, infection with saprophytic, opportunistic and
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pathogenic microorganisms during transportation, sorting, dense planting, and tran-
sition to new feed. All these factors reduce the immune status of the fish organism
and lead to the occurrence of various diseases that affect all metabolic processes.
Currently, antibiotics of various groups with a wide spectrum of action are use to
combat infectious diseases, as well as for prevention purposes. Due to the specific
lifestyle of aquatic organisms, antibiotics are introduced into the fish organism in
aquaculture using medicinal baths, injections, or orally with feed.

Materials and methods. The effect of the chitosan-8-cyclodextrin complex
on the fish organism under aquarium conditions was studied. This complex was
synthesized and provided by the Department of Chemical Enzymology of the Lo-
monosov Moscow State University. The studied complex is a light yellow powder,
slowly soluble in water due to the content of chitosan and cyclodextrin and added
to fish feed. For the experiment, 5 groups of sturgeons with wounds in the form of
dorsal cuts of the skin 2 cm long and 0.5 cm deep were formed using the pair-ana-
logue method. Before the experiment, the fish were fed with compound feed with
a peroxide value of 24.68+2.22 for 10 days to form a model digestive disorder and
intestinal dysbiosis. The fish received feed with the preparation daily (3 times a day).
Individuals of the 1st and 2nd control groups did not receive the studied complex, in
addition, individuals of the 2nd control group continued to receive low-quality feed
during the experiment. The experimental groups received high-quality feed with the
complex in different dosages of levofloxacin (the first - a complex with 20%, the
second - with 15% and the third - with 10% of the antibiotic, respectively) for 7 days.

Results. The study of sturgeon wound microflora showed that the studied chi-
tosan-B-cyclodextrin complex with an antibiotic reduces the TMC of cut wounds.
In individuals of the control groups (K1 and K2), the inflammatory process in the
wounds continued until the end of the experiment (day 8). On the 8th day, the great-
est suppressive effect on the microflora of fish wounds was exerted by complexes
with 15 and 20% antibiotic content: in both groups, the decrease in TMC relative
to day 1 was 1000 times, below K1 by 1000 times, and K2 by 10000 times. The
results of assessing the diversity of sturgeon large intestine microflora indicate that
the control group of fish is characterized by normal microflora: bacteroides, eubac-
teria, clostridia, peptostreptocci, enterobacteria, lactobacilli and staphylococci. In
the experimental groups a decrease in the number of lactobacilli, enterobacteria,
fusobacteria, eubacteria and clostridia genomes was recorded. Lactate-utilizing bac-
teria were not detected. Gradual recovery of the fish organism is confirmed by the
presence of lactobacilli on the 14th day in the same quantity as before injury and
the use of the complex, as well as the absence of mycoplasmas, streptococci and
Candida fungi.
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Conclusion. A study of wound microflora using the culture method showed
that chitosan-B-cyclodextrin complexes with levofloxacin, used in the treatment of
sturgeons, have a significant antimicrobial effect on the number of microorganisms
compared to the control groups, with the best effect by the end of the experiment
being provided by complexes with 15 and 20% levofloxacin.

A study of wound microflora using the culture method showed that chi-
tosan-B-cyclodextrin complexes with levofloxacin, used in the treatment of stur-
geons, have a significant antimicrobial effect on the number of microorganisms
compared to the control groups, with the best effect by the end of the experiment
being provided by complexes with 15 and 20% levofloxacin. Molecular genetic re-
search using the PCR method in real time determined the presence of bacteroids,
eubacteria, clostridia, peptostreptocci, enterobacteria, lactobacilli and staphylococci
in the composition of the normal flora. In the 14 days the microflora of the large
intestine of fish is characterized by a confident restoration of the number of lactic
acid bacteria that regulate immune processes.

Keywords: reproduction; biotechnology; aquaculture; inflammatory process;
bacteroides; eubacteria; clostridia; peptostreptocci; enterobacteria
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Annomayus

O6ocHoBanue. B HayaHO-HCCIienoBareNbekoi taboparopuu «IIporpeccuBHbIe
OMOTEXHOJIOTHH B aKBaKyybType» CapaToBCKOrO roCcylapCTBEHHOTO YHHBEPCHTE-
Ta FeHETHKH, OMOTEXHOJIOTHUH U nHxeHepun uMeHnu H.J. BaBuiosa 6b110 n3yueHO
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BJIMSTHAE KOMIUIEKCOB MPOU3BOIHBIX (-IIMKIOAEKCTPHHA C JIEBO(IOKCAITHOM Ha
32)KUBJICHUE PaH KOKHBIX ITOKPOBOB I'MOpHIa OCETPOBBIX pbIO. KyiabTypaibHbIM
METOJIOM ONPEAEISIIN 00111ee KOTUIECTBO MUKPOOPTaHU3MOB B PE3aHBIX PaHaX oce-
TpoBbIX, a MeTofioM qPCR — cocTaB MUKPO]IOPHI TOJICTOM KUIIKKA PBIO IO/ BO3-
JeificTBHEM KOMILIeKca B-IuKiioaekcTpuH. JJaHHBI KOMILIEKC IPEACTABIISUI COOOH
[B-IUKIIOAEKCTPHUH C JIEBO(IOKCALIMHOM, 3aKJIIOUCHHBII B XUTO3aHOBYIO 000JIOUKY.
Komrieke agcopOupoBaics Ha MOBEPXHOCTH KOPMa, KOTOPBIH OCETPHI MOTydaIn
€XEeHEBHO. [3MeHeHus 0011ero MUKpOOHOTrO YKciIa IEMOHCTPUPYIOT XapaKTep
TEYEHUs] BOCIIAIIUTENBHOTO Ipouecca U 3p(EeKTUBHOCTh MPUMEHEHUS JeUeOHBIX
npenaparos. MccnenoBanne MUKpOOHOTHI TOJICTOTO KUIICYHHKA TAKKE IEMOHCTPH-
pyeT pe3ynbTar MPUMEeHEHHs JaHHBIX KOMIUIEKCOB Y pbI0. OOHApYKEeHO, UTO IPH-
MEHEHHE aHTUOAKTEPUAIbHBIX KOMIIJIEKCOB B-IIUKIOAEKCTPUHOB ¢ XUTO3aHOM Ha
IIpUMEpE OCETPOB MPHUBOAUT K CYIIECTBEHHOMY YMEHBIIEHHIO 00IET0 MUKPOOHOTO
YHCIa paHeBOH oBepXHOCTH. HanbombIryro 3 GpekTHBHOCTH MPOJEMOHCTPHPOBA-
JIM KOMITIEKChI XuTo3aH-B-1ukiionexctpus ¢ 20 u 15 % coxepkanueM J1eBOQIoK-
cauuHa. B cocraBe HOpMOGIOPHI KUILICYHNKA OIIPEACICHO HaTnuie 0aKTepOUIoB,
9y0aKTepHii, KIIOCTPUANH, IENTOCTPEIITOKKOB, SHTEPOOAKTEPUH, JTAKTOOAIMILT U
cTahUIIOKOKKOB. IIpy 3TOM K KOHILy SKCIIEPUMEHTa MUKPOOHOM TOJICTOrO KUIIIEU-
HHKa PBIO XapaKTepU3yeTcsl BOCCTAHOBJICHUEM YHCIIa MOJIOYHOKHCIIBIX OaKTepHid.

Leab. Bocmpon3BoaCTBO U BBIpaNIMBaHKHE PHIOBI B aKBAKYIBTYpE HEN30€KHO
CBSI3aHO C TPAaBMHPOBAHUEM KOXHBIX IIOKPOBOB PBIOBI, 3apayKeHHEM canpo(uTHbI-
MU, YCJIOBHO-IIATOTCHHBIMU WU NATOTCHHBIMU MUKPOOPraHU3MaMu IPU TPAaHCIIOP-
THPOBKE, COPTUPOBKE, INTIOTHOM MOCAIKE U MIPH TIepexo/ie Ha HOBbIM kKopM. Bee atn
(aKTOpBI CHIDKAIOT MMMYHHBIN CTaTyC OpraHU3Ma PHIObI U MPUBOASAT K BO3HHUK-
HOBEHHMIO Pa3IMYHBIX 3a00JIeBaHUll, 3aTparuBaouX Bce OOMEHHbBIE MIPOLIECCHI.
B nacrosiiee BpeMst it 60pbObl ¢ MHPEKITMOHHBIME 3a00JICBAHUSIMHE, & TAKIKE B
LeIsIX MPO(UIAKTHKN UCTIONB3YIOTCSI aHTHOMOTHKH Pa3IMYHBIX TPYIII C ITUPOKUM
CIIEKTPOM JIEHCTBUSI.

MarepuaJibl 1 MeTO/bI. [IeiicTBHE KOMIUIEKCA XUTO3aH-B-1IUKIOEKCTPHH Ha
OpraHu3M pbIO B YCIIOBUSIX aKBAPHYMHON YCTaHOBKHU UCCIIEN0BAIOCH B HAYIHO-HC-
clie10BaTebeKoi taboparopun «IIporpeccuBHble OMOTEXHOIOTUH B AKBAKYJIBTY-
pe» xadenps! «l'eHeTnKa, pa3BeneHHe, KOPMICHNE KUBOTHBIX U aKBaKyJIbTypay
®I'bOY BO Basunosckuii yausepcuteT (. CapatoB). Komruieke pazpaboran u
npenocrasieH Kadenpoit «Xumuueckas su3umonorus» MI'Y um. M.B. JlomoHoco-
Ba. Mccnemyemblii KOMILIEKC — IIOPOIIOK CBETIIO-KENITOTO IIBETa, MEAJIEHHO PAacTBO-
PHUMBIH B BOJIE 32 CUET COAEPIKAHMS XUTO3aHA M [IUKIIONEKCTPUHA U JOOABIIIeMbIH
B KOpM pbibam. [J1s SKCriepuMeHTa METOIOM Iap-aHajJoroB ObUIH C(OPMHUPOBAHbI
5 IpyHI OCETPOB ¢ PaHaMU, KOTOPbIE NPEACTABIUIN CO00H TOopcanbHble Halpe3bl
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KO)KHBIX TIOKPOBOB JUTMHOM 2 ¢M 1 mryOuHoit 0,5 cm. J{o Havana onbITa B TeUCHHE
10 nHelt pbI0y KOPMUIM KOMOMKOPMOM C IEPEKUCHBIM duciioM 24,68+2.22 nist
(hopMHpOBaHHS MOJICIBHOTO HAPYILICHHUS TTHIICBAPCHUS U TUCOM03a KUIICYHUKA.
Kopwm ¢ niperniapatom peIObI nosryyanu exeaHeBHo (3 pasa B jieHb). Ocobu 1-it u 2-i
KOHTPOJIbHBIX TPYIII U3y4aeMblii KOMIUIEKC HE MOJIy4alid, KpOMe TOro, 0coou 2-i
KOHTPOJILHOH I'PyIIIbl B IPOLIECCE OIBITA MPOAOIIKAIIM [10JIy4aTh B IUILy HEKaue-
CTBEHHBIN KOpM. OTIBITHBIE TPYIIITBI MOTYYaIN Ka4eCTBEHHBIH KOPM C KOMITIIEKCOM
B pa3JIMuHON 103UpOBKe JeBodiokcannHa (repsast — koMruieke ¢ 20 %, Bropas — ¢
15 % u tpethsi — ¢ 10 % aHTHOMOTHKA COOTBETCTBEHHO) B TeueHHe 7 cyTok. Onpe-
nensuii obiee MUKpoOHoe 4rciao (OMY) B cMbIBax ¢ paH pbl0 KyJIbTYPalbHBIM
METOZIOM ¥ COCTaB MHUKPO(IIOPHI TOJICTOTO KHIIeYHUKA peIO MeTogoM qPCR.

Pesyabrarsl. MccnenoBanue paHeBoi MUKpO(IOpb! 0CETPOB II0KA3a10, 4TO U3-
y4aeMblil KOMIUIEKCA XUTO3aH-B-1IMKIIOIEKCTPHH ¢ aHTHOMOTHKOM cHIbkaeT OMY
pe3anbix paH. Y ocobeit kouTponbHbIX rpynn (K1 u K2) BocranurensHbIH mporiecc
B paHax IpOoJIKaJICs JO KOHLA skcriepuMenTa (8 cytku). Ha 8 cyTku Hanbonbliee
MOJIaBIsIFOIIEE ICHCTBHE HA MUKPO(IIOpy paH phId 0Ka3anu KoMIuiekes ¢ 15 n 20%
coziep:KaHMeM aHTHOMOTHKA: B 00eux rpynmax cHmwkenne OMUY otHocuTenbHO |
cyTok — B 1000 pa3, Hixe K1 B 1000 pa3z, a K2 — 8 10000 pa3.

HccnenoBanue mpeacraButesieii MUKpOGIOPHI TOJICTOTO KMIIEYHHKA PBIO OTpe-
JEeNUI0 HaJdudne OakTepouaoB, dyOaKTepHid, KIOCTPUANH, HENTOCTPENTOKKOB,
9HTEPOOAKTEPHIA, TAKTOOAIMILT U CTA(IIIOKOKKOB. B OIBITHBIX TpyIIax Ha MPOTS-
JKEHHH BCETrO BPEMEHH HaOJoeHN T 3a)MKCHPOBAHO CHI)KCHHE KOJIMYECTBA [EHO-
MOB JIAKTOOAIMIIIT, SHTEPOOaKTepHii, Py300aKTepHid, 3yOaKTepHrii U KIOCTPUIANH,
YTO yKa3bIBaeT Ha aHTUMUKPOOHYIO 3 (HEKTUBHOCTH MPUMEHSIEMbIX JIeueOHbIX Tpe-
rapaToB M 3aKOHOMEpHBIN nucbananc (qucbakTepros). JIakrar-yTHIH3HPYIOIIHe
Oakrepuu He ObUIH OOHApYXKeHBI. [TocTeneHHOe BOCCTAaHOBICHHE OpraHu3Ma phio
MOATBEPIKAACTCS HATHMIHEM Ha 14 CyTKU JIAKTOOAMILT B TOM K€ KOJTHYIECTBE, YTO
JI0 paHEHHs] ¥ IPUMEHEHHsI KOMIUIEKCa, & TAKIKE OTCYTCTBHEM MHUKOILIA3M, CTPETl-
TOKOKKOB M TPUOOB posia KaHAUA.

3akaouenne. Vzydenre MUKpoQIopsl paH KyJIbTypaIbHBIM METOIOM MOKa3a-
JI0, YTO KOMILJIEKCHI XUTO3aH-B-IIMKIONEKCTPUH C JEBO(IOKCAIITHOM, IPUMEHEH-
HBIC B JICHCHHUN OCETPOB, OKa3bIBAIOT 3HAYHUTCIBHOC aHTI/IMI/IKpO6HOG BJIMSITHUEC Ha
KOJIMYECTBO MHUKPOOPTaHW3MOB IO CPABHEHHUIO C KOHTPOJIBHBIMHU TPYIIIAMH, IPU
9TOM K KOHILY 9KCIIEPUMEHTa Hauayqlnil 3G et oka3biBaan KOMIUIEKCH ¢ 15 u
20% coneprkaHueM JIEBO(IIOKCALIMHA.

MonexymnsipHo-reneTndeckoe uccienoBanne metonom [P B pexxnme peasns-
HOTO BPEMEHH ONPENIENIUIO B COCTaBe HOPMO(IOpHI HaIH4YHe OAKTEPOUIOB, JY-
OakTepHii, KIOCTPUANIL, MENTOCTPENTOKKOB, PHTEPOOAKTEPHId, TAKTOOALMILT 1
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cramtokokkoB. K KOHIly HaOiromeHH MUKPOQIOpa TOJICTOrO KHUIIEYHHKA PHIO
XapaKTepU3yeTcsl yBEPEHHBIM BOCCTAHOBJICHUEM YHCIIA MOJIOYHOKUCIIBIX OAKTEPHiA,
PETYJIMPYIOIIUX UMMYHHbIE ITPOIECCHI.

KaioueBble ci10Ba: pa3MHOKEHHE; OMOTEXHOIOTHH; aKBaKyJIbTYpPa; BOCIIAIH-
TEJBHBIN Mpolece; OaKTepou Ibl; 3yOaKTepHH; KIOCTPUIUH; IENTOCTPEITOKOKKH;
9HTEPOOAKTEPUH

Jas uurupoBanusi. [Tonnyonas, U. B., Ypsnosa, I. T., 3umenc, 0. H., 3not-
nukos, U. /1., & Kyznpsmosa, E. B. (2025). MukpoGuonornieckoe UcciieloBaHue
PaH U TOJICTOTO KUIIEYHHKA OCETPOBBIX MPU HCIIOIB30BAHMH KOMILIEKCA [3-ITHKIIO-
JeKcTpuHa ¢ JieBodiiokcauuHoMm. Siberian Journal of Life Sciences and Agriculture,
17(6-2), 296-312. https://doi.org/10.12731/2658-6649-2025-17-6-2-1555

Introduction

The research laboratory Progressive biotechnologies in aquaculture of the
Saratov State University of Genetics, Biotechnology and Engineering named
after N.I. Vavilov studied the effect of complexes of B-cyclodextrin derivatives
with levofloxacin on the healing of skin wounds in hybrid sturgeon fish. The
total microbial count of sturgeon cut wounds was determined using the culture
method and the composition of the microflora of the fish colon using the gPCR
method under the influence of the B-cyclodextrin complex. This complex was
B-cyclodextrin with levofloxacin included in a chitosan shell. The complex was
adsorbed on the surface of the feed that the sturgeons received daily. Changes
in the total microbial count demonstrate the nature of the inflammatory process
and the effectiveness of the use of therapeutic drugs. The study of the microbi-
ota of the colon also demonstrates the result of using these complexes in fish.
It was found that the use of antibacterial complexes of B-cyclodextrins with
chitosan on the example of sturgeons leads to a significant decrease in the total
microbial count of the wound surface. The greatest efficiency was demonstrated
by chitosan-B-cyclodextrin complexes with 20 and 15% levofloxacin content.
The presence of bacteroids, eubacteria, clostridia, peptostreptocci, enterobac-
teria, lactobacilli and staphylococci were determined in the composition of the
normal intestinal flora. At the same time, by the end of the experiment, the mi-
crobiome of the large intestine of fish is characterized by the restoration of the
number of lactic acid bacteria.

Reproduction and cultivation of fish in aquaculture is inevitably associat-
ed with trauma to the skin of fish, infection with saprophytic, opportunistic and
pathogenic microorganisms during transportation, sorting, dense planting, and
transition to new feed. All these factors reduce the immune status of the fish or-
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ganism and lead to the occurrence of various diseases that affect all metabolic
processes. Currently, antibiotics of various groups with a wide spectrum of action
are used to combat infectious diseases, as well as for prevention purposes. Due to
the specific lifestyle of aquatic organisms, antibiotics are introduced into the fish
organism in aquaculture using medicinal baths, injections, or orally with feed [1].

Recently, with the development of nanotechnology, various nanoparticles
have been used to deliver drugs to animals. One of these developments is com-
plexes of B-cyclodextrin (CD) derivatives for the delivery of drugs and prophy-
lactic drugs to fish. Due to their tiny size and porous nature, - cyclodextrin
derivatives can bind poorly soluble drugs within their matrix and improve their
bioavailability [2; 3].

Cyclodextrins and their derivatives have found application in pharmaceu-
ticals as complexing agents that mask unpleasant odors and tastes, increasing
the solubility, stability, and bioavailability of included molecules [4; 5]. They
can be used to deliver drugs to specific sites, which prevents the degradation
of drugs and proteins and prolongs the elimination of drugs [6-11]. The com-
bination of cyclodextrin carriers with various polymers with a large number of
covalent intramolecular bonds can cause a change in the properties of the drug
compared to a simple drug-CD complex [8; 12].

A possible component of such a complex is a heteropolysaccharide. chi-
tosan, which is characterized by good water solubility, biocompatibility and
biodegradability, mucoadhesion, antimicrobial activity [13-16]. All these prop-
erties of chitosan make it attractive for use in agriculture and veterinary medi-
cine. In this regard, scientific research on the creation and improvement of the
effectiveness of such cyclodextrin drug complexes with antibiotics in the ther-
apy of commercial fish is relevant.

One of the groups of antibiotics that fit into the porous structure of p-cy-
clodextrin derivative complexes are fluoroquinolones II generation, aimed at
suppressing and destroying infections of various etiologies [8; 17], including
pathogens of infectious lesions of cuts, burns and other types of wounds and
damage to the outer skin.

Currently, ciprofloxacin is widely used in Russian aquaculture, while levo-
floxacin, also a fluoroquinolone, is a new agent for treating fish that has not
been sufficiently studied, but is promising, since resistance to antibiotics used
in aquaculture in fish is a fairly common phenomenon [18-20].

Purpose. The aim of the work was to study the effect of chitosan-B-cyclo-
dextrin complexes containing 10, 15 or 20% levofloxacin on the microflora of
cut wounds and the composition of the microflora of the large intestine of fish
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using the qPCR method of juvenile hybrid Russian and Siberian sturgeon (Aci-
penser queldenstadtii, Brandt et Ratzeburg, 1833, and Acipenser baeri stenor-
rhea Nikolsky ). In accordance with the principles of rational antibiotic therapy
and to find the lowest effective concentration, complexes with different antibi-
otic contents were used in the work.

Materials and methods

The experiment was conducted in the research laboratory Advanced bio-
technologies in aquacultureof the department “Genetics, breeding, feeding of
animals and aquaculture” of the Federal State Budgetary Educational Institu-
tion of Higher Education Vavilov University in Saratov in the conditions of an
aquarium installation. During the study, the effect of the chitosan-B-cyclodex-
trin complex was studied. The studied chitosan-8-cyclodextrin complex was
synthesized and provided by the department “Chemical Enzymology” of the
Lomonosov Moscow State University and and was a light yellow powder con-
sisting of amphiphilic polymer particles have been developed that dissolve ex-
tremely slowly in water, since they contain chitosan and cyclodextrin, and they
can be added to fish feed. Encapsulated fluoroquinolone will be released in a
prolonged manner in the intestines of fish.

Chitosan and cyclodextrin are biocompatible, safe, and have mucoadhesive
effects in the gastrointestinal tract. Cyclodectrin forms inclusion complexes
with antibiotics and is used as a molecular container. The particles release the
drug into the water extremely slowly (namely, 85% of levofloxacin is stored
on the carrier in an hour), and therefore the entire antibiotic can be eaten by
fish in the form of particles with food. At the same time, the bioavailability and
effectiveness of antibacterial and healing effects increased.

The complex was created in the following way: A solution of carbonyldiim-
idazole (CDI) in DMSO of 50 mg/ml in a five-fold molar excess was added to
a solution of hydroxypropyl cyclodextrin (HPC) in water of 5 mg/ml slowly
dropwise with intensive stirring. The mixture is heated to 60 ° C for 2 hours.
Then, activated HPCD was added to a 5 kDa chitosan solution in a sodium ac-
etate buffer (0.02 M, pH 5) with intensive stirring. The solution was incubated
for 12 hours at 50 °C. Purification from unreacted impurities was carried out
using dialysis against water (3.5 kDa cut-off weight) for 24 hours. Then LF in
0.01 M HCl (30% by weight of polymer) was added to the solution. The system
was incubated for 12 hours at 40°C. Purification from unreacted impurities was
carried out using dialysis against water (3.5 kDa cut-off weight) for 24 hours.
The samples were freeze-dried.
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The degree of modification was calculated according to spectrophotometric ti-
tration of amino groups (before and after modification) with 2,4,6-trinitrobenzene-
sulfonic acid (TNBS) using 1 M TNBS solution in 1 M sodium borate buffer (pH
9.2). The content of amino groups in modified chitosan is assumed to be 100%.

Fourier infrared spectroscopy (FTIR). The IR spectra of the sample sus-
pension were recorded using a Bruker Tensor 27 spectrometer equipped with a
liquid nitrogencooled MCT (mercury-cadmium telluride) detector. The samples
were placed in a BioATRII thermostatic cell with a ZnSe ATR element (Bruker,
Bremen, Germany).

The FTIR spectra were obtained in the range from 850 to 4000 cm—1 with
a spectral resolution of 1 cm—1. 50 scans were accumulated and averaged for
each spectrum. Spectral data was processed using the Bruker Opus 8.2.28 soft-
ware system (Bruker, Bremen, Germany).

The synthesis of nanospanges particles with LF includes: 1) obtaining chi-
tosan particles grafted with CD 2) loading of LF. Chitosan-CD conjugates were
obtained by the modification reaction of 5 kDa chitosan amino groups with
activated OH CD groups to form the chitosan product:CD = 1:4 (according to
the analysis of IR spectra).

The average particle size is 120430 nm according to the analysis of the tra-
jectory of nanoparticles.

In the process of conducting the research, before the experiment, 5 groups
of sturgeons (n=10) were formed using the pair-analogue method and placed in
aquariums. The experimental scheme is presented in Table 1.

Table 1.
Scheme experience

Group Fish condition Feeding type

1 control (K1) | Damaged Basic diet of quality feed (BD _.)

2 control (K2) | Damaged Basic diet of low-quality feed (BD | .)

1 experienced | Damaged and receiving BD .+ complex with 20% levofloxacin
treatment

2 experienced | Damaged and receiving BD .+ complex with 15% levofloxacin
treatment

3 experienced | Damaged and receiving BD.+ complex with 10% levofloxacin
treatment

To obtain a pronounced effect from the introduction of the chitosan-B-cyclo-
dextrin complex, the fish were fed with expired compound feed with a peroxide
value of 24.684+2.22 (ORN) for 10 days before the experiment, which suggest-
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ed a model digestive disorder and intestinal dysbiosis. The fish received feed
with the preparation daily (3 times a day). Individuals of the 1st and 2nd con-
trol groups did not receive the studied complex; in addition, individuals of the
2nd control group continued to receive low-quality feed during the experiment.
The experimental groups received high-quality feed with the chitosan -3- cyclo-
dextrin complex in different dosages of levofloxacin (the first - a complex with
20% levofloxacin, the second - with 15% levofloxacin and the third - with 10%
levofloxacin) for 7 days. The composition of the combined feed for sturgeons
(OR) is balanced in terms of nutrients.

The simulated wounds were dorsal skin incisions 2 cm long and 0.5 cm deep.

The total microbial count (TMC) was determined in fish wound swabs us-
ing the culture method (the method of serial dilutions followed by sowing on
meat-peptone agar (MPA)) and the composition of the microflora of the large
intestine of fish by the method qPCR (real-time PCR).

Results

The study of sturgeon wound microflora revealed a significant effect of the
chitosan-B-cyclodextrin complex with levofloxacin on the MFC of cut wounds.
As can be seen from the results presented in Table 2, in the control groups (K1
and K2), the inflammatory process in the wounds continued until the end of
the experiment (day 8).

In group K1, the MFC significantly decreased by day 8. At the same time,
in group K2, the MFC value increased by day 8 and was 10 times higher com-
pared to group K1, which indicates the effect of feed quality on the growth and
development of fish wound microflora.

Table 2.
Cyclodextrin complexes with antibiotic and chitosan on the microflora
of sturgeon cut wounds

Day
Groups 1 | 8
OMCH, CFU/ml
K1 5.0:10°5+0.2 1.0-10°+0.4 "
K2 5.0-10°+0.2 1.0-10 £0.4%* *
1 experimental - 20% levofloxacin 5.0-10°+0.2 1.0-102+0.2 "
2 experimental - 15% levofloxacin 1.0-10 °+0.1 1.0-102+0.2 "
3 experimental - 10% levofloxacin 5.0-10°+0.4 2.0-103+0.8 "~

Note: p < 0.05 relative to *the value of 1 day in its group; ° relative to the value in
group K1; ° relative to the value in group K2.
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In the 1st group of fish, which received a 20% dose of antibiotic, a significant
decrease in the TMC relative to the 1st day was established by the 8th day - by
1000 times. In the fish of the 2nd experimental group, which received 15% levo-
floxacin, the results of the TMC count on the 8th day were comparable with the
results in the 1st experimental group and also lower than K1 by 1000 times, and
K2 - by 10,000 times. In the 3rd experimental group, which received a therapeutic
complex with a minimum dose of 10% levofloxacin with food, the wound con-
tamination decreased by the end of the observations by 100 times compared to the
1st day, by 100 and 1000 times compared to K1 and K2, respectively.

As can be seen from Table 2, on the 8th day, the greatest suppressive effect
on the microflora of fish wounds was exerted by complexes with 15 and 20%
antibiotic content.

The results of the assessment of the diversity of representatives of the micro-
flora of the large intestine of sturgeons under the influence of the chitosan -8- cy-
clodextrin complex with 20% levofloxacin content, presented in Table 3, indicate
a greater diversity of representatives of the bacterial community in the control
group compared to the experimental ones.

Table 3.
Microflora of the large intestine of sturgeon fish under the influence of a complex
of cyclodextrin with chitosan and levofloxacin

Microorganism content, genomes/g

Groups of fish participating in the experiment

Identifiable groups of

. - K1 1 experimental - 20% levofloxacin
microorganisms

Day
1 1 8 14

Bacteroides (p. Prevotella And

2.4x103+0.7 | 2.1x10°+0.7 | 1.2x10°+0.4 | 2.0x10°+0.4
Porphyromonas)

Eubacteria (genus

; 5.0x10°+0.9 | 1.8x10°+0.7 |4.9x10 #£0.9% [2.7x103+£0.4* *
Eubacterium)

Clostridia (p. Lachnobacterium
And Clostridium)

Lactobacilli (genus
Lactobacillus)

7.0x105+0.9 | 1.8x10°£0.9* | 8.0x10 “+0.9* |4.8x10 3+0.9* *

8.4x10240.9 | <p.d.o. <pdo. |53x102%0.7

Lactate - utilizing bacteria (p.
Megasphaera spp., Veillonella <p.d.o. <p.d.o. <p.d.o. <p.d.o.
spp., Dialister spp.)

Peptostreptococci (genus

7.5%x10°40.9 | 4.3x102+0.5 | 4.2x102+40.5 |7.3x103+0.4* *
Peptostreptococcus)

Enterobacteriaceae (family

; 3.4x1044£0.8 | 5.4x104+0.9 | 4.2x103+0.9* | 1.4x10°40.9* *
Enterobacteriaceae)
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Actinomycetes (Mobiluncus, N
Corynebacterium, Atopobium) <p.do. <p.do. <pdo. 43107205
Fusobacteria (genus Fusobac- 4 5 %
terium, Sneathia, Leptotrichia) 2.6x107x0.9 <pdo. <pdo. 4.3x107+0.8
Mycoplasmas (genus

Mycoplasma, Ureaplasma) <p.do. <p.do. <p.do. <p.do.
Streptococci (p. Streptococcus) <p.d.o. <p.d.o. <p.d.o. <p.d.o.
Staphylococci (genus 84x102+0.9 | <pdo. | 54x102£0.7 |1.7x103£09%*
Staphylococcus)

Fungi of the genus Candida <p.d.o. <p.d.o. 8.7x10240.5 <p.d.o.

Note: p < 0.05 relative to *value in group K1; ®relative to the value on day 8 in the
experimental group.

The data obtained in the control group describe the normal microflora of
sturgeons grown in aquarium installations. Thus, in the control group of fish
fed with quality food, the following genera were found: bacteroides, eubacte-
ria, clostridia, peptostreptocci, enterobacteria , lactobacilli and staphylococci.
At the same time, in the experimental group, where cyclodextrin preparations
with an antibiotic were used after modeling a cut wound, on the 1st day differ-
ences in the diversity of microflora were observed in relation to lactobacilli,
enterobacteria and fusobacteria , the number of genomes of which was below
the limit of reliable detection.

Throughout the entire observation period, these representatives of the mi-
croflora were present in low quantities, which may indicate a natural imbalance
(dysbacteriosis) caused by taking the antibiotic. Lactate -utilizing bacteria were
not detected.

During the experiment, a decrease in the number of eubacteria and clostridia
was observed, which is explained by the antimicrobial effect of levofloxacin
and chitosan. At the same time, an increase in peptostreptococci , enterobac-
teria , fusobacteria and staphylococci was detected compared to normal mi-
croflora. This can be explained by the restoration of microflora after the use
of the complex, including the detection of representatives of those genera, the
number of genomes of which did not allow us to confirm their presence, at the
same time, this may indicate a weakening of the immune system of fish after a
long inflammatory process, which is injury, which requires additional attention
during further sturgeon cultivation. Gradual recovery of the fish organism is
confirmed by the presence of lactobacilli on the 14th day in the same amount
as before injury and the use of the complex, as well as the absence of myco-
plasmas, streptococci and Candida fungi.
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Conclusions

A study of the wound microflora using the culture method showed that com-
plexes with levofloxacin, used in the treatment of sturgeons, have a significant
antimicrobial effect on the number of microorganisms compared to the control
groups, with the best effect by the end of the experiment being provided by
complexes with 15 and 20% levofloxacin content.

Molecular genetic research using the PCR method in real time determined
the presence of bacteroids, eubacteria, clostridia, peptostreptocci, enterobacte-
ria, lactobacilli and staphylococci in the composition of the normal flora. In 14
days the microflora of the large intestine of fish is characterized by a confident
restoration of the number of lactic acid bacteria that regulate immune processes.

Sponsorship information. The study was supported by the grant of the Rus-
sian Science Foundation No. 24-26-00061, https://rscf.ru/progect/24-26-00061/
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