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Long-persisting chronic wounds represent a significant challenge for general surgery specialists. The purpose of the
study was to determine the characteristics of cellular composition changes along the wound surface during post-traumatic
regeneration under the conditions of combined application of collagen hydrolysate in an experimental setting. Experimental studies
were performed on the model of Voltran Ekol ES55 pneumatic weapon induced gunshot wound. Collagen hydrolysate was
additionally included to complex wounds’ therapy. The efficacy of wounds’ healing was estimated morphologically and
immunohistochemically. The main group rats (13 (43.3 %)) were treated with a collagen hydrolysate, meanwhile the comparison
group rats (17 (56.7 %)) — without. On the 7" day, CD45+ infiltrate was expressed in both groups, while CD68+ cells were found
in greater amount in the main group. On the 14" day, CD68+ cells were detected in the inlet zone in both groups, but in the main
group their amount was lesser. CD163+ cells were verified in both groups as scattered single cells. Verification of CD45+ cells on
the 14 day revealed isolated positive cells scattered among fibrous tissue in both experimental groups. On the 28 day quite a few
CD68+ cells were detected in the superficial layers of the scar in the main group, that was unsimilar to the comparison one. The
authors supposed the data obtained are the experimental evidence of collagen hydrolysate clinical efficacy testing reasonability for
wound healing outcomes improving.
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I1.T. Mypasiio, M.I. becnaabko, b.C. 3anopo:xx4yenko

JTUHAMIKA 3MIH IIUTOJIOTTYHOI KAPTUHU PAHOBOI ITIOBEPXHI
B YMOBAX EKCIIEPUMEHTAJIBHOI'O PAHOBOT O ITPOLECY

TpuBani XpoHIUHI paHH € CepHO3HMM BHKIHMKOM JUIS CHEUiasiCTiB 3arajibHOI Xipyprii. Meroro xocmimkeHHS Oyio
BU3HAYCHHS 0COONMBOCTEH 3MiH KIITHHHOTO CKJaay B3IOBX IOBEPXHI PaHU IiJ Yac MOCTTPaBMATHYHOI percHepaii 3a yMOB
KOMOIHOBAaHOTO 3aCTOCYBAaHHS TiZpONi3aTy KOJAreHy B EKCIICPUMMEHTAIbHUX YMOBax. EKCIEpHMEHTaJbHI JOCHIIKEHHS
MPOBOIMIIM HAa MOJIEJIi BOTHETIAIEHOTO MOPaHEeHHs, CIIPUYNHEHOTO THeBMaTH4HOIO0 30poeto Voltran Ekol ES5S5. [lo kommexkcHoOT
Tepamii paH IOZATKOBO BKIIOYATH TiApONi3aT KojarcHy. E(EeKTHBHICTH 3aro€HHA paH OIHIOBaNacsi MOPQOJIOTIYHO Ta
iMmyHoricroximiyno. Illypam ocnoBuoi rpynu (13 (43,3 %)) BBOAWIM TiApoii3aT KoJareHy, a Iiypam Ipynu mopiBHsHHA (17
(56,7 %)) — Hi. Ha 7-my no0y B 000X rpymnax BusiBiIeHO ekcrpecito CD45+ xmiTHHHOTO iHOUIBTpaTy, TOAI SK B OCHOBHIH Ipymi
BUSBIIEHO ObIny KitbKicTe CD68+ kimituH. Ha 14 1006y CD68+ xnitiaM Oynu BHUSIBIICHI y 30HI BXiTHOTO OTBOPY B 000X Tpymax,
ajie B OCHOBHIH rpyi 1X KiJbKicTb Oyia meHmoro. Kitituaun CD163+ Gynu BusiBieHi B 000X rpymnax i Maiu BUNISLI TOOAUHOKHX Ta
poscistaux. [lepeBipka CD45+ xititun Ha 14-f 1eHp BUSBHIIA OKPEMI TIO3UTHUBHI KIITHHH, PO3KHAaHi ceper] GpiOpo3HOI TKaHWHU B
000x mocmigaux rpynax. Ha 28 no0y B moBepxHEBHUX HIapax pyOIsi B OCHOBHIN IpyTii BUSABIEHO NOcuTh Oarato CD68+ kiiTuH,
IO HE BiJMOBIZaJ0 KIITHHHIN KapTUHI B rpymi nopiBHsHHI. OTpUMaHi JaHi aBTOPH BBa)XKAIOTh €KCIIEPUMEHTAIBHUM [10Ka30M
JIOIITBHOCTI TeCTyBaHHS €()eKTUBHOCTI IiIPOITi3aTy KoJIareHy AT IOKPAIeHHs Pe3yJIbTaTiB 3arO€HHS paH B KIIHIYHIX yMOBaXx.

KurouoBi cjioBa: miyp, pana, DUTOJIOTIS, pereHepaiis, paHOBH IPOLEC, T1IpoTi3aT KolareHy, JiKyBaHHS paHH.

The study is a fragment of the research project “Development of modern methods of diagnosis and treatment of
purulentseptic complications in combat surgical trauma”, state registration No. 0120U101834.

Long-persisting chronic wounds that do not respond adequately to existing surgical treatment
methods represent a significant challenge for general surgery specialists [1, 2]. The complexity and
multidirectional nature of the available pharmacological and surgical approaches to wound treatment, along
with the controversial issues regarding the timely use of diagnostic studies and the coordinated efforts of
specialists from related fields in selecting the most optimal treatment strategy, highlight the relevance and
debate surrounding of this issue [1-3, 5, 8].

In recent years, there have been increasing reports of favorable outcomes from pharmacological
treatment involving collagen hydrolysate, demonstrating its positive effects on fibroblast proliferation, the
restoration of tissue basophil levels, and the organization and maturation of collagen fibers, leading to the
formation of dense connective tissue [11, 14]. Special attention is given to surgical interventions at various
stages of the wound-healing process to restore the wound surface to a condition that promotes faster healing [6,
10, 12]. However, existing contradictions regarding the potential “manageability” of the wound-healing process
in terms of improving and accelerating regeneration necessitate a more thorough investigation of this issue.

The purpose of the study was to determine the characteristics of cellular composition changes
along the wound surface during post-traumatic regeneration under the conditions of combined application
of collagen hydrolysate in an experimental setting.
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Materials and methods. The study of wound healing processes in an experimental setting
involved 30 one-year-old Wistar rats, weighing 250-300 grams, without signs of chronic or acute diseases.
During the experiment, the animals underwent a 10-day quarantine and were housed under standard
vivarium conditions with a complete diet and free access to water.

Animal preparation, all interventions, anesthesia were conducted in full compliance with the
requirements of the “Instructions” of the State Pharmacological Center of the Ministry of Health of Ukraine
(Kyiv, 2001), as well as the Good Laboratory Practice (GLP) regulations established by the European
Commission for overseeing laboratory and other studies, in accordance with the Code of Scientific Ethics
of Ukraine.

The injuries were inflicted in a laboratory setting using a Voltran Ekol ES55 pneumatic weapon,
simulating a gunshot wound. The animals were immobilized on a wooden board. The wound site was the
hind limbs, where the projectile damaged the skin, subcutaneous fat tissue, and muscles, causing minor
blood loss without bone damage. The entry wound diameter was 0.3 + 0.5 mm, with relatively even wound
edges in relation to the surrounding tissues. The wound channel length reached 1 cm. No animals died
during the whole experimental trial.

The main group included 13 rats (43.3 %) that received additional treatment with collagen
hydrolysate. The comparison group consisted of 17 rats (56.7 %) undergoing post-traumatic tissue
regeneration without additional intervention. Wound healing lasted for 28 days of the trial was assessed
visually and through cytological material collection (imprint smears) from the wound surface. Among the
research methods, particular attention was given to immunohistochemical analysis to determine the cellular
composition of regenerative tissue zones and to verify vascular structures.

Immunohistochemical reactions were performed using CD45, CD68, CD163, and CD34 markers.
For immunohistochemical studies, deparaffinization and antigen retrieval were conducted in a PT module
(DAKO, USA) using HIER buffer (pH = 6.0 and pH = 9.0). The immunohistochemical reaction itself was
performed in an Autostainer Link 48 ("DAKO," USA) according to the manufacturer's antibody protocol.
Visualization was based on the DAKO EnVision+System detection system (DAKO, USA). The following
monoclonal antibodies were used: Mo a-Hu CD68 Antigen, Clone 514H12 (Leica Biosystems, Germany);
Mo a-Hu CDI163 Antigen, Clone BSB 6304 (Bio SB, USA); Mo a-Hu CD34, Clone QBEnd/10
(ThermoScientific, USA); Mo a-Hu CD45, Clone 2B11 (DAKO, USA).

Result evaluation and photodocumentation of all histological stains and immunohistochemical
reactions were performed in a standardized field of view using “Leica DM2000” LED microscope with a
20 MP camera (Germany) at magnifications of x40 (eyepiece x10, objective x4), x100 (eyepiece x10,
objective x10), and %400 (eyepiece x10, objective x40).

The results were estimated using statistical variation analysis methods with Microsoft Office Excel
2016 software. Statistical analysis of the experimental study results was performed using one-way ANOVA
parametric criterion, with differences considered statistically significant at p<0.01.

Results of the study and their discussion. Up to the 7" day after injury, both groups of animals
exhibited an expressed purulent-necrotic exudate on the wound surface, containing a large number of
neutrophilic granulocytes, many of which showed signs of dystrophy, degradation, and lysis. The
inflammatory exudate contained minor fragments of hair, scattered granules of amorphous acellular masses
(foreign material), and a significant amount of fibrin mixed with rod-shaped and coccal flora.

The peripheral areas of the wound contained a considerable amount of rat hair and amorphous
acellular masses in the form of fibers and granules, surrounded by a dense mass of eosinophilic homogeneous
protein and degenerating granulocytes. In the wound center, the deeper layers of the exudate showed a tendency
toward densification, fibrin homogenization, and “sealing” of inflammatory cells within protein masses—
considered early signs of scab or plaque formation over the injury site. Notably, there were no differences in the
cellular composition or wound surface characteristics between the comparison group rats.

A study of the deep tissues of the wound channel revealed significant edema in the derma and
underlying fat tissue, with collagen fiber separation and the formation of perivascular edema zones. There
was also diffuse-focal, unevenly distributed, intense infiltration of inflammatory cells (lymphocytes,
neutrophilic granulocytes, macrophages) throughout all elements of the wound channel. The vascular
endothelium exhibited signs of “swelling”, and in some areas, endothelial changes resembling a “palisade”
pattern were observed. Collagen fibers stained intensely eosinophilic with variable intensity.

Regarding the comparison group, no significant differences were observed in the structural
changes of the wound channel or in the cellular composition of the inflammatory infiltrate.

A detailed investigation was conducted on inflammatory infiltration zones in relation to collagen
fiber formation using Van Gieson's staining. It was found that the areas of inflammatory cell accumulation
had relatively clear boundaries, involved lipocytes and blood vessels, and contained almost no collagen fibers.
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Upon closer examination, expressed edema with collagen fiber separation was observed. The
inflammatory infiltration consisted primarily of neutrophilic granulocytes with a small number of
lymphocytes, located around and between lipocytes, which themselves showed clear signs of necrobiosis and
necrosis. The cellular composition of the inflammatory infiltrate was dominated by leukocytes. Both
membranous and cytoplasmic staining of cells was considered positive, and CD45+ cells included leukocytes
such as granulocytes, lymphocytes, eosinophils, basophils, monocytes, macrophages/histiocytes, mast cells,
and plasma cells. Notably, CD45+ infiltration was prominent in both groups, not only as part of the
inflammation in the wound channel walls but also within the scab covering the entry wound.

Regarding cells of the histiocytic-macrophage lineage, identified using the CD68 monoclonal
antibody, a predominance was noted in the main group. As these cells are inherently present in the
inflammatory process, they respond to inflammatory stimulation by enhancing the monocyte-macrophage
response, which was verified using the CD163 marker. Thus, both groups exhibited a significant presence
of macrophages/monocytes within the exudate on the wound surface. When analyzing the cellular
composition of inflammation in the wound channel tissues, macrophages/monocytes were documented
near the epidermis and around blood vessels, both at the entry site and within the wound channel walls.
Their distribution was predominantly diffuse, with a tendency toward perivascular clustering.

To summarize the results of the immunohistochemical study in the experimental group, a
quantitative assessment was performed by counting the average number of antibody-positive cells in 20
fields of view at 400% magnification (Table 1).

Table 1
Summary of leukocyte and macrophage-histiocytic cell count in rat wounds
(average count in 20 fields of view)
Detected cells - 7" day - - 147 day - - 28" day -

subtypes Main group Comparison Main group Comparison Main group Comparison
(n=13) group (n=17) (n=13) group (n=17) (n=13) group (n=17)

CD45+ 28.612.1 27.242.4 17.4%+1.7 16.2+1.8 4.1+0.2* 6.0+0.3*

CD163+ 18.842.3 19.1£2.1 5.84£0.6 9.1£0.7 3.2+0.2 5.1£0.3

CD68+ 14.6+1.8* 15.142.1%* 4.1+0.3* 8.3+1.1* 2.1+0.2% 5.31£0.4*

Note. * — result of reliability check, p=0.044, t=2.01

A detailed study of the cellular composition of the inflammatory infiltrate in the wounds of rats
from both groups was performed. On the 14™ day of the experiment, the number of CD45+ cells was
slightly lower in both groups.

However, a considerable number of cells with a positive reaction to the common leukocyte antigen
were still present both at the wound entry site and within the wound channel walls. These cells were
primarily grouped within the newly formed granulation tissue, both among the newly formed
microcirculatory vessels and within the connective tissue.

Regarding the proportion of histiocytic-macrophage lineage cells, a positive reaction to CD68 was
detected in the wound entry zone of rats from both groups. However, in animals receiving collagen, fewer
of these cells were observed (Fig. 1), whereas in the comparison group, their accumulation was documented

(Fig. 2).
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Fig. 1. Localization of CD68+ cells at the wound
edges of rats in the main group on the 14" day of the
experiment. IHC reaction with CD68, magnification x200.

Fig. 2. Localization of CD68+ cells at the wound edges
of rats in the comparison group on the 14th day of the experiment.
IHC reaction with CD68, magnification x200.
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If we consider the presence of macrophage/monocyte cells at the wound edges, CD163+ cells were
verified in both groups as scattered single cells. A quantitative assessment of leukocyte, macrophage-
histiocytic, and macrophage-monocytic cells on the 14th day of the experiment is presented above.

Verification of CD45+ cells (i.e., cells expressing the common leukocyte antigen) revealed isolated
positive cells dispersed among fibrous tissue in both experimental groups. No grouping of these cells,
follicle formation, or tropism towards blood vessels was observed.

A specific reaction with the monoclonal CD68 antibody verified isolated positive cells in the
superficial layers of the scar tissue in animals from the main group. However, in the comparison group,
there was a significant accumulation of these histiocytic-macrophage cells among the inflammatory
infiltrate and fibroblasts, particularly at the border with the regenerating epidermis.

A similar morphological pattern was observed in the IHC reaction with CD163.
Macrophages/monocytes appeared as small, sparse clusters around blood vessels, at the epidermal
boundary, and perivascularly. However, in this respect, there were no significant differences between the
studied groups. The quantitative analysis of inflammatory cell subtypes (leukocytes, macrophage-
histiocytic lineage, monocytes/macrophages) was also summarized and presented above.

In discussing the obtained data, we would like to emphasize the positive impact of collagen
medicines in wound healing and tissue regeneration. This is evidenced by a statistically significant
reduction in the number of CD68+ histiocytic-macrophage cells in the main experimental group starting
from day 7, and a decrease in CD45+ cells by day 28" of the experiment. This finding aligns with data
from other researchers [9, 11, 13].

The experimental results allow us to underscore the feasibility and potential of collagen-based
treatments in clinical practice for patients with chronic, non-healing wounds. Moreover, we consider it
necessary to explore the use of collagen preparations in the comprehensive treatment of patients with
comorbid conditions, particularly those with complicated type 2 diabetes mellitus, as reflected in recent
scientific publications [4, 7, 15]. Based on the obtained results, we are confident that the integration of
collagen preparations into wound treatment strategies — aimed at improving and accelerating connective
tissue regeneration — will be highly beneficial. This is particularly relevant given the current realities of
mine-explosive and gunshot injuries, where such treatments could significantly aid both the general
population and individual patients.

Conclusion

The experimental data on the use of collagen hydrolysate highlight its positive effect on wound
regeneration processes, as confirmed by the dynamic results of cytological and immunohistochemical
analyses of wound surface samples. The observed effects of collagen hydrolysate in the experiment,
compared to the control group, open promising opportunities for improving wound healing outcomes in
clinical practice.

Prospects for further research aimed at thorough investigation of collagen hydrolysate time-
dependent efficacy in experimental wounds’ conditions with obvious its recommendation if effective to use
in clinical practice.
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EVALUATION OF THE ANTI-EXUDATIVE EFFECT OF OINTMENT WITH ONONIS
SPINOSA L. EXTRACT IN MODELS OF INFLAMMATION OF VARIOUS ORIGIN
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Experimental studies on the antiexudative activity of Ononis spinosa L. extract were conducted in models of trypsin and
zymosan-induced inflammation. To assess the activity of the plant extract, ointments of varying concentrations (1.5 %, 2.5 %,
3.5 %) in terms of polyphenolic compounds were prepared for transdermal application. According to the study's results, the 3.5 %
ointment exhibited the most pronounced anti-exudative effect, effectively suppressing the focus of inflammation and contributing
to an accelerated reduction in the morphological indicators of the affected limbs in rats. The ointment with Ononis spinosa L.
extract did not differ significantly, but was not inferior in effect to the comparison drug - Dolgit cream. The obtained data indicate
the feasibility of using Ononis spinosa L. extract in the treatment of inflammatory processes, particularly those of infectious origin.
The identified pharmacological activity justifies the need for further preclinical and clinical studies. The results obtained may serve
as the basis for the development of effective local anti-inflammatory agents of plant origin.

Key words: antiexudative effect, inflammation, Ononis spinosa L. extract.
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OLIHKA AHTUEKCYJIATUBHOI J1i MA3I 3 EKCTPAKTOM ONONIS SPINOSA L.
HA MOJEJISIX 3AITIAJIEHHS PI3BHOT'O TEHE3Y

IIpoBeneHO ekcCrIIepUMEHTAIbHI TOCTIIPKEHHS aHTHEKCYJaTHBHOI aKTUBHOCTI ekcTpakTy Ononis spinosa L. Ha Mogemsix
TPUIICHHOBOTIO Ta 3MMO3aHOBOTO 3allajIcHHsI. 3 METOIO OL[IHKK aKTUBHOCTI POCIIMHHOTO €KCTPAKTY OyJIM BUTOTOBJICHHI Ma3i Pi3HUX
koHnentpaniit (1,5 %, 2,5 %, 3,5 %) B nepepaxyHKy Ha MoOdipeHONBHI CIOMYKH JJS TPAHCACPMAILHOTO HAHECCHHS. 3TiJHO
PpEe3yJIBTaTiB AOCII/KCHHS BCTAHOBIICHO, 1110 HAHOLIBII BUpaXKeHy aHTHEKCYIaTUBHY Jito nposiisuia 3,5 % masb, ska e(heKTHBHO
NPUTHiYYBaja 0CEPEIOK 3aMajICHHs Ta CIPUsIa MPULIBUALICHOMY 3MEHILIECHHIO MOP(OJIOriYHNX TOKa3HHUKIB YPa)KEHHX KiHLIBOK
mypiB. Masb 3 ekctpakrom Ononis spinosa L. cyTTeBo He Binpi3HsIach, Ta He MOCTyNanach Aii npenapary HOpiBHAHHA — JlonriT
kpeMmy. OTpuMaHi JaHi CBiIUaTh NPO JOLUIBHICTh BUKOPHUCTAHHS eKcTpakTy Ononis spinosa L. y Tepamii 3anansHux mporecis,
30KpeMa iH(EKIIIHO-0M0CepPEeAKOBAaHOTO IeHe3y. BusBieHa ¢apmakonoriuda akTHBHICT OOIPYHTOBYE MOTpeOy B MOTAIBIIMX
JOKITIHIYHHX 1 KIHIYHUX DochikeHHsAX. OTpUMaHi pe3yabTaTH MOXKYTh CTaTH OCHOBOIO ISl CTBOPEHHS €(pEKTHBHHUX MiCIIEBUX
HPOTH3aNATIBHUX 3aC001B POCIMHHOTO ITOXOKEHHSI.

KurouoBi cjioBa: aHTHEKCynaTHBHA [Iisl, 3aNIalICHHS, eKCTpakT Ononis spinosa L.

The study is a fragment of the research project “Pharmacological correction of simulated pathological conditions
through the use of developed drugs”, state registration No. 0122U200545.

Inflammatory processes are among the most common pathological conditions that accompany both
acute and chronic diseases, affecting various organs and body systems. They arise in response to tissue
damage, exposure to toxic substances, infectious agents, or immunological disorders, performing a
primarily protective function. However, in cases of prolonged or excessive inflammation, the development
of severe complications and secondary pathologies is possible.

In Ukraine, the primary means of treating inflammation remains synthetic pharmacological drugs,
in particular non-steroidal anti-inflammatory drugs (NSAIDs), the effectiveness of which, however, is often
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