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Abstract

Purulent complications of wounds of various etiologies are one of the pressing problems of modern medicine. Antibiotic resistance is
currently giving impetus to the development of ever newer and more advanced drugs, or the modernization of forms and delivery methods of
existing ones.

The purpose of the study was to reproduce the purulent wound model in mice and compare immunosuppression methods using
hydrocortisone and the drug 2, 6, 10, 14-tetramethylpentadecane.

Methods. Several variants of modeling the development of a purulent-inflammatory process in skin wounds in mice and rats were
performed. When conducting an experiment on mice, three groups were divided: 1. Using hydrocortisone as immunosuppression (at the rate of
25 mg/kg for 7 days). Wounds were applied on the second day of drug administration. Based on the results of 14 individuals. 2. Using the drug
Pristane as immunosuppression (at the rate of 500 ul intraperitoneally per 1 individual, 1 time). The wounds were applied on the 7th day. Based
on the results of 14 individuals. 3. 14 mice were used in the control group - without inmunosuppression. Then two types of bacteria were tested
as wound-infecting microorganisms: Staphylococcus aureus, a representative of the normal skin microbiota, and Pseudomonas aeruginosa, as
the most common type of pseudomonas, causative agents of nosocomial infections. Wound infection was carried out using a mixed suspension
of the above 2 bacterial cultures.

Results. We determined the most optimal model of purulent wounds, namely, the variant with the use of immunosuppression with 2,
6, 10, 14-tetramethyl-pentadecane. The use of this preparation allowed to reduce the number of immunosuppress or injections and to obtain a
denser biofilm on the wound surface.

Conclusion. Modeling of purulent wound in mice is possible only on the background of immunosuppression, as which can be used
preparations 2, 6, 10, 14-tetramethyl-pentadecane and hydrocortisone.
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Introduction

Infections resulting from traumas and surgical
interventions, as well as increasing antibiotic resistance, are
among the most significant challenges in modern surgery
[1,2]. Wounds during traumatization and the postoperative
period are typically colonized by aerobic and anaerobic
bacteria and fungi. These microorganisms are mostly
from the resident microbiota of the surrounding skin, oral
cavity, and intestine, or from the external environment.
They form polymicrobial communities known as biofilms,
which are particularly common in chronic wounds [3].
Animal modelling is used to investigate different drugs and
their delivery methods, as well as modernisation in the

Materials and Methods

A randomized in vivo clinical trial was performed
at the National Center for Biotechnology. It was conducted
on 42 mice randomly distributed into two groups. Inclusion
criteria: female white mice of CD4 breed weighing 22+/-
0.5g (NCB vivarium, Kazakhstan). Exclusion criteria: males,
underweight individuals (weight less than 21.5 grams).
Animal housing conditions corresponded to the standard
conditions of the vivarium. Air temperature was maintained
at 20-24°C, humidity - 45-65%, light regime - 12h light/12h
darkness.

Mice were kept in individual cages with free access
to food and water. Experiments on animals were conducted
humanely in full compliance with the laws and regulations
of the Republic of Kazakhstan (Order of the Minister of
Health of the Republic of Kazakhstan from 21.12.2020,
KR DSM-310/220; Order of the Minister of Health of the
Republic of Kazakhstan from December 11, 2020 NeKR
DSM-248/2020) [6,7] and International Guidelines (The
European Council Directive on the observance of ethical
principles in work with laboratory animals (The European
Council Directive (86/609/EEC)) and Directive 2010/63/
EU of the European Parliament and Council of the European
Union) [8,9].

Pathology induction (surgical intervention for skin
wounds) was performed under anesthesia. Inhalation
anesthesia with isoflurane (a drug approved for use in
the territory of the Republic of Kazakhstan) was used as
anesthesia, initially in the chamber, then with a mask. The
rate of delivery was 4 liters/hour. Before applying full-skin
wounds, the animal's hair was clipped with scissors in the
area of the surgical field on the back between the shoulder
blades. The hair remnants were removed with depilation
cream, which was applied for 3 min. The operative field was
then treated sequentially with 5% alcoholic iodine solution
and 702 ethyl alcohol once. Using a sterile Derma-punch skin
biopsy stylet with a diameter of 8 mm, 2 full-thickness skin
wounds deep to the superficial fascia of the muscles were
made in mice through the pulled back skin fold between
the shoulder blades [3]. The excised skin was removed
with forceps and scissors, then a 2-mm-thick silicone ring
with an inner diameter of 10 mm was sutured (Vicryl 3-0
suture material). The presence of the wound did not cause
discomfort to the animals, did not affect their motor activity
and appetite.

For immunosuppression, hydrocortisone (125 mg)
was administered at a dose of 25 mg/kg (intramuscularly)
for 7 days (the 1st injection - 1 day before wounding) [10].
To obtain the desired concentration, hydrocortisone was
diluted with sterile physiological solution.

Hydrocortisone belongs to the group of
glucocorticosteroids (GCS), which are known to prevent

preclinical research phase for various processes, including
purulent and inflammatory processes [4]. Developing new
therapies for successful wound healing always requires a
satisfactory animal model [5]. In a number of preclinical
studies, researchers have tested several methods of inducing
multispecies infection using known bacterial species from
endogenous or exogenous sources.

The purpose of the study was to reproduce
the purulent wound model in mice and compare
immunosuppression methods using hydrocortisone and the
drug 2, 6, 10, 14-tetramethylpentadecane.

the activation of phospholipase A2 by stimulating the
formation of its inhibitor - lipocortin, disrupt the synthesis
of prostaglandins and release of macrophage chemotactic
factor, inhibit the activation of tissue kinins, reduce the
migration of macrophages and lymphocytes into the focus
of inflammation. The advantage of hydrocortisone in
modeling purulent-inflammatory process is due to the fact
that GCS suppress various stages of immunogenesis, but do
not have mitostatic effect [11]. By affecting the functions of
cells, which play an important role in wound healing, GCS
cause a significant delay in the process of tissue repair.
It is known that patients taking GCS or receiving other
immunosuppressive therapy have a significant delay in skin
wound healing [12].

After administration of hydrocortisone at the
indicated dosage, two mice, i.e. 20%, died. The remaining
8 were single infected with a mixture of Staphylococcus
aureus at varying concentrations from 10 in 6 to 10 in 12,
and one overnight culture of Pseudomonas coli. The cultures
were sequentially applied to the wounds with sterile cotton
swabs

Pristane (2, 6, 10, 14-tetramethyl-pentadecane) in a
dose of 0.5 ml (intraperitoneal) was used as the 2nd variant
of immunosuppression once; surgical intervention was
performed on the 7th day after administration. This drug
was previously used in the literature to model systemic
lupus erythematosus in animals.

After administration of Pristane preparation in the
indicated dosage intraperitoneal, there was no death of
animals during the observation period.

Two types of bacteria, S. Aureus and Pseudomonas
aeruginosa, were used to infect wounds in order to produce
a local inflammatory process. These strains was selected
as the main nosocomial and out-of-hospital pathogens,
also contributes significantly to the development of wound
infections. S. Aureus is also a major pathogen commonly
associated with diabetic foot osteomyelitis and can cause
chronic and recurrent bone infections. Virulence of the
pathogen and host immune factors may determine the
occurrence and progression of S. Aureus infection [13].

Microbial cell concentration is expressed as the
number of cells of the microorganisms to be determined
(including non-viable and damaged cells) per unit volume
of suspension. When determining the microbial cell
concentration, the percentage of viable cells is determined
by the number of live cells per unit volume of suspension
(number of colony-forming units per ml - CFU/ml).

The microbial cell concentration counting procedure
was performed manually. Visual counting was performed
by determining the number of grown colonies after sowing
microorganisms on LB nutrient media.
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For cell titer determination, a commercial strain of
Staphylococcus aureus ATCC 29213 was cultured overnight
at 370 C, 150 rpm. In 5 ml LB broth.

1 ml of overnight culture was diluted in 9 ml of saline
solution and seeded 100 pl each in a PE with LB. The colony-
forming unit in 0.1 ml of the diluted culture was determined
by the limit dilution method.

Cell titer was determined },=(x CFU /ml).

x CFU /ml - colony-forming unit count

Overnight culture of Staphylococcus aureus ATCC
29213 was grown in LB medium.

S. aureus cell titer reaches 11.63 *109 cells/0.1 ml,
(2.32*109 cells/0.05 ml) (Figure 1).

Nl T

Figure 1 - Seeding of Staphylococcus aureus cultures on Petri dishes

An overnight culture of Pseudomonas aeruginosa ATCC was grown in LB medium.
P. aeruginosa cell titer reaches 22.4*109 cells/0.1 ml, (1.12 * 109 cells/0.05 ml)
CFU/mL - Colony forming unit in 0.1 ml of diluted culture

The wounds were infected once by different
methods. A bacterial suspension of 106-10 CFU/mL (No 1,
No 2, No 3, No 4, and No 5, respectively) in an amount of
0.1 ml of S. aureus and an overnight culture of P. Aeruginosa
per wound was applied to the wound bed area. The 2nd
method - application of suspension of overnight bacterial
culture of S. aureus and P. Aeruginosa ("N.c." - overnight
culture). After introducing microorganisms, the wound
surface was isolated from the external environment with
sterile transparent film for 2 days. The film was sewn to the
surface of the silicone circle.

The wounds were photographed daily throughout
the experiment. The obtained images were transferred to
a computer, calibrated and the area of purulent plaque was
measured using Scion Image program (NIH, USA).

After that, the plaque area on the 3rd day was
calculated. The results were evaluated in the form of criteria
- 0- absence of purulent plaque, 1- scanty plaque (up to 50%

Results

After wound infection on the third and fifth day,
the wound contents were taken for bacteriological sowing,
as well as photo fixation and assessment of the presence
or absence of purulent discharge from the bottom of
the wound. The dynamics of the course of purulent-
inflammatory process in the experiment was assessed by
the appearance of plaque and the number of colony-forming
units of microorganisms in the wound (Figure 2, Table1).

Fixation of the wound edges with a silicone ring
made it possible to prevent premature tightening of the

of the total wound area), 2- abundant purulent discharge
(more than 50% of the total wound area). The number of
microorganisms in the infected wounds was determined
by sieving on the 3rd and 5th days of the experiment after
wound infection. For this purpose, wound secretions were
taken daily with a sterile swab and distributed on the
surface of a dense nutrient medium (Mueller-Hinton agar).
The cultures were placed in a thermostat and incubated
for 24 h at 37°C. The results of sowing, i.e. the number of
colony-forming units, were counted and expressed in CFU/
cm2.

Each animal was weighed before the start of the
experiment and on subsequent days.

Statistical processing of the obtained data was
performed using the program Statistic 19.

wound edges, which made it possible to "standardize" the
wound area, regardless of the individual characteristics
of the healing process in the experimental animal, as well
as to evaluate the effect of the study drug. We chose a
ring diameter of 10 mm (1 cm), which exceeds the wound
diameter by 2 mm, to allow easy visual assessment of the
appearance of purulent plaque (Figure 3-4).

Comparative graph of colony growth
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Figure 2 - Number of colony-forming units on the third day of the experiment



Traumatology and Orthopaedics of Kazakhstan, Volume 2. Number 72 (2024)

Table 1 - Colony forming unit count on the third day of the experiment

Samples Control 0 1 2 3 4 5 N.c
Hydrocortisone colony growth 0 5 180 300 585 1000 970 1400
Pristane colony growth 0 7 300 400 586 1300 1400 1800
Presence/absence of purulent plaque Hydrocortisone 0 0 0 0 1 1 2 2
Presence/absence of purulent plaque Pristane 0 0 0 1 1 2 2 2

Figure 3 - Presence of purulent plaque on the third day.

Immunosuppression with Hydrocortisone

According to the results of wound infection on the
third day, purulent plaque was found in the groups of mice in
which immunosuppression had been previously performed,

Immunosuppression with Pristane

while in the control group the wound had almost completely
healed and was completely crusted (Figure 5).

Figure 5 - Control group, without immunosuppression

As can be seen from the graph (Figure 6,7) and table
(Table 2), the presence of purulent plaque is detected from
the second titer in Pristane immunosuppression, and from
the third titer in mice after administration of hydrocortisone.
A direct correlation, i.e. dependence of the results of
bacteriologic seeding on the initial titer of canthamination,
excluding titer #5, was also found, which is probably related

2000

to the insufficient quality of this particular dilution, since
lower figures were obtained in all 4 mice (Figure 8,9).

Moreover, in mice after induction of immunity by
Pristane, the number of colony-forming units in all cultures
exceeded the results after induction by Hydrocortisone.
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Figure 6 - Number of colony-forming units on the third day of the experiment. Comparative characterization of the number
of CFU (colony-forming units) in bacteriological cultures from wounds of mice under immunosuppression
with Hydrocortisone and Pristane
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Figure 7 - Number of colony-forming units on the fifth day of the experiment

Table 2 - Number of colony forming unit on the fifth day of the experiment

Samples Control 0 1 2 3 4 5 N.c

Hydrocortisone colony growth 0 0 93 100 276 300 0 425

Pristane colony growth 0 0 120 112 230 354 300 530
Presence/absence of purulent plaque Hydrocortisone 0 0 0 0 0 1 1 2
Presence/absence of purulent plaque Pristane 0 0 0 0 1 1 2 2

Figure 8 - Presence of purulent plaque on the fifth day. Figure 9 - Presence of purulent plaque on the fifth day.
Immunosuppression with Hydrocortisone Immunosuppression with Pristane

According to the results of wound fixation on Hydrocortisone - 5 and overnight culture also, in the control
the fifth day purulent plaque was found in the groups of group the wound was completely healed. An area of necrosis
mice in which immunosuppression with the drug Prestan of the wound edge was found in the mouse from the Prestan
from the 4th titer was previously performed, while in group (Figure 10).
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Figure 10 - Number of colony-forming units on the fifth day of the experiment. Comparative characterization of the number
of colony forming unit (colony-forming units) in bacteriological cultures from wounds of mice under immunosuppression with

Hydrocortisone and Pristane
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Discussion

Modeling of the wound process, including wound
infection, is a rather difficult task [14]. Currently, there are
several ways of modeling a complicated purulent wound
process in animals, most of them using immunosuppression.
Reduction of immunity is done both locally, e.g. using
physical methods (sponges, gauze swabs in wounds)
[15], and generalized with the administration of drugs.
Hormonal drugs are often used as immunosuppression,
but modeling of the process is complicated by the need for
daily administration of the drug for several days, as well as a
certain number of lethal outcomes in experimental animals
[16].

This study evaluated the adequate reproduction of
complicated wounds in a preclinical study in mice using
hydrocortisone and the chemical compound 2, 6, 10,
14-tetramethyl-pentadecane, which up to this point has

Conclusions

Having analyzed the obtained results we can say
that the use of Pristan as immunosuppressive therapy is
possible and quite justified, along with the currently existing
methods. Thus, its use in comparison with Hydrocortisone
significantly simplifies the procedure of immune response
induction. Instead of daily injections, the use of 2, 6,
10, 14-tetramethylpentadecane requires only a single
manipulation, while the quality of immune suppression is
not lost. In our work, we were able to try to standardize the
size of the wound, which made the results more reliable.

This study may be useful in modeling the complicated
wound process using immunosuppression with drugs
during preclinical studies.
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Tyiingime
Opmypai  amuosoz2usiabl  KHapanaposly IpiHOi aAcKbIHyAapbl 3aMaHAyu MeJUYUHAHLIH 63eKmi MacesenepiHiy 6ipi 60bin

mabbliadsl. AHmubuomukmepze me3imoinik Kasipei yakbimma 6apraH catiblH JHcaHa JcaHe xeemiadipineen dapinepdiy damybiHa Hemece
K0/10aHbICMaFbLAapObIH hopManapul MeH jcemkisy adicmepiH sjcayapmyra cepni 6epyde.

3epmmeydiy makcamsl mblwKaHOapdars! IpiHOi Jcapa yaziciH Kebelimy scaHe eudpokopmusoH meH 2, 6, 10, 14-mempamemua-
neHmadekaH K0A0aHy apkblabl UMMYHOCynpeccusi adicmepiH canbicmolpy 6040bl.

9ddicmepi. TolwkaHdap MeH ezeyKylipblkmapdarbl mepi HapanapbiHOarsl ipiHOi-KabbIHy npoyeciHiy damybiH ModenbdeydiH GipHewe
Hyckaaapbl opbiHAaa0bl. TelwKaHdapra maxcipube sxcypeizzeH ke3de yw monka 6e.iHdi: 1. Fudpokopmu30HIbl UMMYHOCYnpeccusi pemiHde
Kos10aHy (25mz/ke 7 KyH 60libl) XKapaaap npenapammbul eH2i3ydiH eKiHwi KyHi Koa10aHbl10bl. 14 myaraHbiy Homudsiceaepi 6otiviHwa. 2. [Ipucmane
npenapamoelH uMMyHocynpeccusi peminde Koaday (1 adamra 500 mka iwi apKelavl, 1 pem). XKapasaap 7-wi KyHi dHcarbiadel. 14 myaraHsiy
Hamudicesepi 6olibiHwa. 3. bakslaay mobbiHda 14 mulwKaH K0A0aHbLAObI — UMMYHOCYnpeccusicbl3. Co0aH KeliH HapaHul HYKMbIpambvlH
MUKpoopzaHu3mdep peminde 6akmepusiiapdbly eKi mypi mekcepindi: Kaabinmel mepi MUKPOGUOMACHIHbIH 6K/ A/1MbIH CMAPUAOKOKK HCIHE
aypyxaHaiwinik uHgekyusaapovly K030bIpFblumapbl nceedomoHazdapdvly ey ken mapasarax mypi peminde Pseudomonas aeruginosa. Kapa
UHPEKYUSICbI HCOFapbIOa amaaraH 2 6akmepuaiobl 0aKbl10blH apaadc cycCheH3usColH K00aHY apKblabl HYyp2i3iaoi.

Hamuoiceci. IpiH0i scapanapdsl anydsly ey oymailabl modeai aHblkmaaodsl, aman aiimkaxda 2, 6, 10, 14-tetramethylpentadecane
npenapamouiMeH UMMYHOCYNpeccusiHbl K0/10aHY HYCKacbl. Bya npenapammuvl KoadaHy UMMYHocynpeccusmi UHBeKYUsaapobly CAHbIH
asatimyra jxaHe HapaHvlH, 6emiHoe mulFbl3 6UONIEHKAHbL KA1bINMACMbIPYFa MYMKIHOIK 6epOL.

KopbimbiHdel, Teliwkandapdarsl ipiHoi scapaHnbl modeavdey 2, 6, 10, 14-tetramethylpentadecane caHe 2udpoKOpMU3OH
npenapammapbsl 604ybl MYMKIH UMMYHOCYnpeccusi JoHbIHOA FAHA MYMKIH 0e2eH KOpblmblHObIFA Keaoi.

TytiiH ce3dep: ipiHdi scapa modeni, UMMYHOCYNpeccus, HaHyapaapdarsl UMMYHOCYNpeccusFa apHaAFaH npenapammap.
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Mope/impoBaHue rHOMHO-BOCIA/IMTE/IBHOTO Mpoecca y Mblleid Ha ¢poHe HMMYHOCYyNIpeccuU
C KCINI0JIb30BaHMEM I'HApOKOPTU30HA U 2,6,10,14-TeTpamMmeTH/IneHTaJeKaHa. McciesoBaHue in vivo.
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Pe3iome

THollHble Oc/0JcHeHUsl paH pasAuvyHol 3muo/o2uu 8.5emcsi 00HOU U3 aKmya/bHblX Npobsiem CoepemMeHHOU MeduyuHbl.

AHmu6uomukope3ucmeHmHocms 6 Hacmosiwee spems 0aem MoOJYOK pazgumusi ece 60/1ee HOBbIX U COBEPUEHHbIX Npenapamos, Ju6o
ModepHuzayuu @opm u memodog docmasku yxce cyuwjecmseyrouux. Ycmouuugblll UMMyHUMemM H#UB0MHbIX, A UMEHHO Mbluwell U Kpblc,
cozdaem npensimcmeust 8 nposedeHuU 0OKJAUHUYECKUX UCCAe008aHULl OaQHHbIX hpenapamos, 88udy CA0XCHOCMU MOOeAUPOB8AHUSl 2HOUHO-
socnaaumenbHo20 npoyecca. PaccmompetHole 8 pasAuyHbIX UCMOYHUKAX MOOeAU 80CNpou3800cmea paHesoll UHPeKYUU KOHCHO20 NOKPOsa
JHCUBOMHBIX 0AXHCE C NPUMEHEHUEM UMMYHOCYNPeccopHOU mepanuu K coxcaaeHuto, He 8ce20a y0aemcsi N(puMeHUms Ha npaxkmuke.

Leavlo uccaedosanus 164110c6 gocnpoudsederue Modeau 2HOUHOU paHbl y mblulell, U cpasHeHue Memodo8 UMMYHOCynpeccuu ¢

npumeHeHuem 2udpokopmu3oHa u npenapama 2,6,10,14-tetramethyl-pentadecane.

Memodbl. BvinosiHeHbl HECKObKO eapuaHmos ModeﬂupoeaHu;z passumus 2HOUHO0-80CNANUMENAbHO20 npoyecca 8 KO} HblX paHax y

Mmblwell u kpbic. [Ipu npogedeHuu skcnepumMeHma Ha Mblwax 6b110 8bldeseHo mpu epynnol: 1. C npumeHeHueM 8 Kauecmee UMMYHOCYnpeccuu
2udpokopmu3soHa (u3 paciema 25 mz/ke 8 meveHuu 7 OHell) PaHbl HaHocu/aucb Ha emopoll deHb 8gedeHust npenapama. Ha ocHosaHuu
pe3yabmamos 14 ocobetl. 2. C npumeHeHueM 8 kauecmse UMMyHocynpeccuu npenapama IIpucman (u3 pacuema 500 MKA 8HymMpubprOWUHHO
Ha 1 ocobb 1 pas). PaHbl HaHocuaucs Ha 7 deHb. Ha ocHosaHuu pesynemamos 14 ocobell. 3. 14 mbiuwiell 6blaU UCNO16308aHbl 8 2pynne
KOHmMpoAas - 6e3 umMyHocynpeccuu. 3amem 8 Kaiecmee UHPUUUPYHWUX PAHbl MUKPOOP2AHU3MO8 anpobuposanu b6akmepuu 2 8udos:
Staphylococcus aureus - npedcmasumesns HOpMAAbHOU MUKpObGUOMbL Kodxcu U Pseudomonas aeruginosa — kak Hau6os1ee pacnpocmpaHeHHbl U
suda nceadomoHad - 8o36ydume.ieli BHympuboabHU4HbIX UHPekyull. MHduyuposarue paH nposoduau, Ucnoab3ysl CMEWAHHYIO CYycneH3uio 2
YKA3aHHbBIX 8blule 6AKMePUAIbHBIX Ky/bmyp.

Pe3y/lbmamb1. Mot onpede/lu/zu Haub6osee onmuma/aibHyr Mo0enb nosy4eHus ZHOUHbIX PAaH, a UMEeHHO sapudaHm ¢ npumMeHeHuem

uMMyHocynpeccuu hpenapamonm 2, 6, 10, 14-tetramethyl-pentadecane. [IpumeneHue daHHO20 npenapama no380/1u10 COKpamums KOAU4ecmao
86edeHUli UMMyHOCynpeccopa, noay4ums 60.1ee nJA0MHyH 6UONIeHKY Hd NO8EPXHOCMU PAHbL.

Buvigodul. ModeauposaHue 2HOUHOU paHbul y Mululell 803MONCHO MOAbKO HA (hOHE UMMYHOCYNpeccuu, 8 kaiecmae Komopot mo2ym

npumeHsimesi npenapamel 2, 6, 10, 14-tetramethyl-pentadecane u 2udpokopmu3oH.

Kawuesbie cao8a: Modesb 2HOUHOU paHbl, UMMYHOCynpeccus, hpenapambl ons UMMyHOCynpeccuu y #Uu80mHblX.
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