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INDICATORS OF COAGULATION HEMOSTASIS AND DEGREE
OF BLOOD OXYGENATION IN RATS UNDER THE OPIOID INFLUENCE

IN THE LATE TERMS OF CORRECTION
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A long-term use of opioid analgesics is the cause of hematological changes that lead to trophicity and oxygenation
disorders of tissues and organs of various body systems. In the study 50 white, sexually mature rats (160-270 g) were used. With
the help of generally accepted methods, we investigated the dynamics of changes in hematological indicators of coagulation
hemostasis and the degree of oxygenation of the blood of rats in the chronic period of opioid exposure and during correction.
Correction was carried out with the Pentoxifylline. The results of our study significantly expand the data on the negative influence
of opioids on the body during their long-term use and testify that it leads to the development of significant changes in coagulation
hemostasis indicators (number of platelets, prothrombin time, prothrombin index, whole blood recalcification time, total
fibrinogen, hemoglobin, hematocrit), which leads to impaired vascularization and progression of the phenomenon of dyscirculatory
hypoxia.
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MOKA3HUKHU KOAT YJIANIMHOTI'O FEMOCTA3Y TA CTYIIIHb OKCHUHI' EHAII!T KPOBI
Y IYPIB IIIJI BINIMBOM OINIIOLAIB HA II3HIX TEPMIHAX KOPEKIII

TpuBaje 3aCTOCYBaHHS OIMIOIMHUX aHAIBICTHKIB € MPUYMHOK TeMATOJOTTYHUX 3MiH, IO MPU3BOSTH A0 MOPYLICHHS
Tpoiky Ta OKCUreHalii TKAaHWH i OpraHiB Pi3HUX CHCTEM OpraHi3My. MatepiajioM 1uis JociipKeHHs Oyna Mikponomysinis 50
CTaTeBO3pLINX OE3MOPOAHUX MIypiB-caMiliB BikoM 4,5-7,5 micsmiB macoro 160-270 r. 3a AOMOMOrom0 3arajbHONPHHHITHX
METO/IB JOCTIKEHO TUHAMIKY 3MiH T'€éMaTOJIOTIYHMX MMOKAa3HHUKIB KOATYIIIHHOTO0 reMOoCTasy Ta CTYNEHS OKCHUTEHAIll KpOoBi
LIypIiB Y XPOHIYHOMY MEpioAl OmoiaHol aii Ta mij yac Kopekiii. Kopekiito npoBoauin MeHTOKCU(LTiHOM. Pe3ynbraTi Hammx
JIOCIIKEHb 3HAYHO PO3LIMPIOIOTH JaHi MI0I0 HETaTHBHOTO BIUIMBY OINIOINiB Ha OPraHi3M IpH iX TOBTOTPUBAIOMY 3aCTOCYBaHHI
Ta CBiIYaTh TPO Te, MO e NPHU3BOAMUTH JO PO3BUTKY 3HAYHHX 3MIiH IMOKA3HHKIB KOAryJSIIHHOTO TreMocTady (KUIBKICTh
TPOMOOIUTIB, MPOTPOMOIHOBHI Yac, MPOTPOMOIHOBHUH iHJEKC, Yac pexanbludikarii MimbHOI KpoBi, 3araabHUM (iOpUHOTeH,
reMOTJI00iH, FeMaTOKPHT), IO IPU3BOANTH JI0 OPYLIEHHS BaCKYJISIPH3aLlil Ta IPOrpecyBaHH SIBUILA AUCIUPKYJIISITOPHOI TITOKCIT.

KurouoBi ciioBa: 3MiHa peosiorii, MOpyIIeHHs] OKCUTeHALIIT, OITiOT(HUIl aHAIBI€THK, LIyp, XPOHIYHUHA Tepio, KOPEKIis.

The work is a fragment of the research project “Morphofunctional features of organs in pre- and postnatal periods of
ontogenesis, under the influence of opioids, food supplements, reconstructive surgery and obesity”, state registration
No. 0120U002129.

According to the statistics of the European Monitoring Center for Drugs and Drug Addiction, there
are about 275 million people aged 15 to 64 in the European region who use strong drugs at least once a
year. [1, 13]. According to narcological studies, the prevalence of mental and behavioral disorders,
primarily mental and behavioral disorders due to PAS use, is 41.7 % per 100,000 population [1]. According
to the latest biobehavioral and psychiatric studies in the government-controlled territory of Ukraine, the
estimated number of people who use injection drugs was 317,000, of which 200,661 (63.3 % of the total)
were opioid users alone [3]. Opioid addiction and secondary pathological changes in addicts are not only a
psychiatric and narcological problem, but also a secondary therapeutic, general surgical, angiological and
even ophthalmological problem etc. In recent years, publications of experimental studies devoted to
structural changes in some organs under the opioid influence and some experimental studies of opioid drugs
are increasingly appearing in domestic and foreign sources. In particular, scientific publications highlight
data on the pathology of the structures of the organ of vision, in particular, visual organ relating regarding
to the iris-corneal angle [2, 4, 10, 11].

Taking into account the above, we believe that this study is relevant both from the point of view of
experimental morphology and from the point of view of practical ophthalmology. A number of questions
remain open regarding the comparison of retinal angiopathy indicators with changes in blood rheological
indicators at the late stages of correction of experimental opioid retinal angiopathy.

The purpose of the study was to establish the specificity of a changes in the dynamic indicators of
coagulation hemostasis and the dynamics of biochemical deviations in the experiment during opioid
exposure and in the its correction of some later stages.
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Materials and methods. The study material was sexually mature, outbred male rats in the amount
of 50 animals weighing 160-270 g, aged 4.5-7.5 months. Animals were injected with Nalbufine
intramuscularly, daily 1 time a day in one time interval (10-11 a.m.) for 70 days. The initial dose of
Nalbufine for the first 2 weeks was 0.212 mg/kg, with the following dynamics: [I-IV weeks — 0.225 mg/kg,
IV-VI weeks — 0.252 mg/kg, VI-VIII weeks — 0.260 mg/kg, VIII-X weeks — 0.283 mg/kg. Thus,
conditions of chronic opioid exposure were created [5].

The animals were divided into 5 groups. The 1st group of animals received Nalbufine for 70 days
with subsequent collection of study material (end of the 10th week of experimental opioid exposure); the 2nd
control group, which for 70 days received injections of saline solution intramuscularly in one time interval
(10-11 am); the 3rd group — 6 weeks of Nalbufine administration with subsequent withdrawal at the 4th week;
the 4th group — 6 weeks of Nalbufine administration with the addition of Pentoxifylline at the 4th week; the
5th group — 6 weeks of administration of opioid with withdrawal followed by 4 — week administration of
Pentoxifylline. Correction was performed at a late stage, the dose of Pentoxifylline was 2.857 mg/kg.

All animals were kept in a vivarium and work related to maintenance, care, labeling and other
manipulations was carried out in compliance with the provisions of the “European Convention for the
protection of vertebrates used for experimental and other scientific purposes” [Strasbourg, 1985], “General
ethical principles of animal experiments”, adopted by the First National Congress on Bioethics [Kyiv,
2001]. The Commission on Bioethics of the Danylo Halytsky Lviv National Medical University found that
the conducted scientific research meets ethical requirements in accordance with the order of the Ministry
of Health of Ukraine No. 231 of 01.11.2000 (Protocol No. 10 of 26.12.2011). Blood collection and
hematological examination indicators (platelet count, prothrombin time, prothrombin index, whole blood
recalcification time, total fibrinogen, hemoglobin determination, hematocrit value) were performed
according to generally accepted methods Baluda V.P. (1980).

R V 4.0.3 and R Studio v 1.2.5042 software were used to perform statistical counting and create
plots. [14, 15]. At the first stage of statistical analysis, all the results obtained from studies of animal blood
counts have been screened to meet normal blood values using the Shapiro-Wilk test. Based on the results
of this test, as well as taking into account the small volume of samples and the discrete nature of partial
data due to the peculiarities of laboratory methods used to obtain them, the median and quartiles in the
format Me [25 %; 75 %] were used for representation, where Me is the median (50th percentile), 25 % is
the first quartile (25th percentile), 75 % is the third quartile (75th percentile) Serdyuk A.M. (2010) For
graphical representation, we used boxes (box-and-whiskers), the central line of which indicated the median,
the box borders - quartiles, the whiskers — 1.5 range from the corresponding quartile and the points —
outliers (values lying outside the 1.5 range) [12]. In addition, the non-parametric Kruskal-Wallis H test was
used to determine the validity of differences between groups for three or more independent groups,
followed by post-hoc analysis using Dunn's test. In order to better interpret the data obtained and compare
different blood parameters of animals in the dynamics of the experiment, line plots of decimal logarithms
of the median values of indicators were used.

Results of the study and their discussion. As a result of the correction performed in the period of
the 7th, 8th, 9th and 10th week of opioid exposure, the indicators of the prothrombin blood index of rats of
all subgroups at the 10th week were significantly higher than the values of the control group and slightly
ranged from 97.38 [91.99; 107.93] in the “Pentoxifylline+Nalbufine” subgroup to 99.50 [99.00; 100.00] in
the “withdrawal” subgroup. Such indicators were as close as possible to the indicator of the blood prothrombin
index in animals of the general subgroup of the 10th week, which was 99.00 [94.00; 100.00], without having
a statistically significant difference in comparison with it. (Fig. 1A). Indicators of recalcification time in the
animal subgroups, “withdrawal” and “Pentoxifylline+Nalbufine” at the 10th week of the experiment were as
close as possible to the value of this indicator in animals of the general subgroup and amounted to 26.50
[24.25; 27.00] and 15.00 [14.25; 15.75], respectively. While the value of the recalcification time in the
“withdrawal+Pentoxifylline” subgroup was 45.94 [44.05; 46.70], which was significantly higher than the
value of this index both in other experimental subgroups and in the general group of animals at the 10th week.
At the same time, the studied indicator was close to the value of the recalcification time of animals of the
control group (49.50 [48.25; 50.00], p=0.46). (Fig. 1B). Dynamics in index'es subgroups of total fibrinogen
at the 10th week, it was similar to that in most biochemical parameters. In the subgroup
“withdrawal+Pentoxifylline”, the level of total fibrinogen in the blood of animals was 2.00 [1.93; 2.00], which
was as close as possible to the control group (1.75 [1.62; 1.84]) and had no statistically significant difference
(p=0.31). In the “Pentoxifylline+Nalbufine” subgroup, the level of total blood fibrinogen was 2.23 [2.08;
2.68], and in the “withdrawal” subgroup, it was the highest among all subgroups of this period and was 2.80
[2.73; 2.90]. This increase compared to the control group was confirmed statistically (p<0.01). (Fig.1C).

227



ISSN 2079-8334. Céim meouyunu ma oionocii. 2022. Ne 4 (82)

Dynamics in Indicator's subgroups of prothrombin time at the 10th week, it was also similar in most
biochemical parameters. Thus, in the subgroup “withdrawal+Pentoxifylline”, this indicator was 14.50 [14.00;
15.00], which was the highest among all subgroups at this period and statistically did not differ from the
control group (16.76 [16.12; 17.00]). At the same time, this indicator in the subgroups
“Pentoxifylline+Nalbufine” and “withdrawal” was 12.00 [12.00; 13.00] and 12.85 [11.31; 14.39],
respectively, which was significantly less than the control group. (Fig. 1D).
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Fig.1. A — Changes in prothrombin index when corrected during the 7th, 8th, 9th, and 10th weeks of opioid exposure. B — Changes
in blood recalcification time index when corrected during the 7th, 8th, 9th, and 10th weeks of opioid exposure. C — Changes in the total
fibrinogen index when corrected during the 7th, 8th, 9th, and 10th weeks of opioid exposure. D — Changes in prothrombin time index
when corrected during the 7th, 8th, 9th, and 10th weeks of opioid exposure.

Like other metrics, the blood haemoglobin contents in subgroups of the 10th week was closest to
the value of the control group in the subgroup “withdrawal+Pentoxifylline” — 130.50 [130.00; 132.00]
(control group 151.89 [150.00; 153.53], the difference is not reliable, p=0.35). In other subgroups, the
hemoglobin index was significantly lower and amounted to 119.00 [119.00; 120.00] in the
“Pentoxifylline+Nalbufine” subgroup and 124.00 [124.00; 125.00] in the “withdrawal” subgroup. Note
that the hemoglobin index in these subgroups was close to the value of the general group at Week 10, which
was 118.87 [114.94; 124.43]. (Fig. 2A). In subgroups of the 10th week, the lowest number of platelets was
in the subgroup “withdrawal+Pentoxifylline” — 177.00 [175.25; 178.00]. Like other blood parameters, this
value was close to the control group and had no significant difference compared to it (control group 153.05
[142.91; 154.64], p=0.24). In other subgroups, the platelet count was significantly higher than in the control
group and was 196.50 [195.25; 197.75] in the “Pentoxifylline+Nalbufine” subgroup and 209.50 [182.50;
210.00] in the “withdrawal” subgroup. These indicators were also close to the number of platelets in the
general group of Week 10 —213.00 [210.00; 214.00]. (fig. 2B). Indicator of blood hematocrit in rats of the
“withdrawal+Pentoxifylline” subgroup was close to the control group and amounted to 44.00 [43.00;
44.00] (control group 42.07 [40.13; 43.75], p=0.54). While the hematocrit level in other subgroups was
significantly lower than the value of this indicator in the control group — 25.00 [23.50; 26.00] in the
“Pentoxifylline+Nalbufine” subgroup and 33.50 [33.00; 34.00] in the “withdrawal” subgroup, respectively.
In these subgroups, the hematocrit level was close to the value of this indicator in animals of the general
group at Week 10 —27.00 [27.00; 28.00] (Fig. 2C).

The tendency to approach the value of the control group of most indicators at this period in the
subgroup “withdrawal+Pentoxifylline” is exponential, which is indicated by a red arrow on separate graphs.
In the remaining subgroups, the values were close to those in the animals of the general group of the 10th
weeks.
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The works of numerous authors are devoted to the study of structural changes that occur in various
organs and tissues of the body with prolonged opioid use [2, 4, 10, 11]. However, we have not found any data
on changes in rheological parameters of blood, in particular, the dynamics of components of coagulation
hemostasis and the degree of blood oxygenation against the background of prolonged opioid exposure in
available literature references. However, the results of experimental and clinical studies convincingly show
that disorders in the hemostatic system that develops against the background of various pathological
conditions are one of the main pathogenetic mechanisms that contribute to the progression of numerous
diseases, complicate their course and treatment [6—9]. That is why the results of our research significantly
complement the data on the exposure of opioid drugs to the body, convincingly certifying that their long-term
use also leads to the development of significant changes in the indicators of coagulation hemostasis — platelet
count, prothrombin time, prothrombin index, time of recalcification of whole blood, total fibrinogen,
hemoglobin and hematocrit value. In our opinion, this approach provides for study of the risks of bleeding
and thromboembolic complications in people who use opioid drugs for a long time, and the data obtained can
become a theoretical basis for correcting their treatment and developing preventive activities.

7.7

Changes in indices in the “withdrawal+Pentoxifylline” subgroup were more systemic at thelOth
week — in terms of value, the indicators of this subgroup in most cases were as close as possible to the
values of the corresponding indicators of the control group. The only exceptions were the indicators of the
prothrombin index — in all subgroups, its value fluctuated at the level of the general group of Week 10 and
was higher than the value of the control group. The remaining indicators at this time in the “withdrawal”
and “Pentoxifylline+Nalbufine” subgroups did not have a significant difference compared to the general
group at the 10th week, both in absolute values and in the results of verification using statistical criteria.
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PECULIARITIES OF THE PROJECTILE PENETRATION DEPTH WHEN FIRED WITH
“FORT 9R” AND “FORT 17R” PISTOLS WHILE USING DIFFERENT CLOTHING FABRIC

e-mail: amper2805@gmail.com

The study of the protective qualities of various types of clothing when fired from non-lethal firearms, which are mainly
used by law enforcement agencies, is one of the promising directions of the so-called humanitarian direction of forensic medicine.
The conducted experimental research with the use of human body simulators covered with different types of fabric and “Fort 9R”
and “Fort 17R” pistols made it possible to establish that at close-range shot distances of 50 cm and any type of fabric, a wound
channel is formed to a depth of at least 1 cm; at the same time, “Fort 9R” in any case does not cause the formation of a wound
channel longer than 6 cm, and “Fort 17R” deeper than 5 cm; cotton fabric has better protective qualities when fired with “Fort 9R”,
and leatherette when fired with “Fort 17R”.

Key words: gunshot wound, gunshot injury, gunshot weapon, elastic balls, different fabrics.
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OCOBJIMBOCTI INTMBUHHA ITPOHUKHEHHS CHAPSY IIPU ITIOCTPLUIAX
3 IIICTOJIETIB «®OPT 9P» TA «®OPT 17P» IIPU 3ACTOCYBAHHI PI3BHUX MATEPIAJIIB
TKAHUHMU OJAIY

BuBueHHS 3aXUCHUX BIACTHBOCTEH PI3HUX BUIIB OISATY IPH ITOCTPiTax 3 HeJIETAIBHOI 30poi, o nepedyBae Ha 030pOo€HH1
MEePEeBaKHO OPTaHiB IPABOIOPSIAKY € OJHIM 3 IIEPCIIEKTUBHIX HANPSAMKIB TaK 3BAHOT'O T'yMaHITapHOTO HANIPSIMKY CyJOBOI MEUIMHH.
ITpoBeneHe excrieprMeHTalIbHE JOCIIPKEHHS 3 3aCTOCYBAHHSM IMITATOPIB Tijla JIOJWHHM BKPUTUX Pi3HMM BHIOM TEKCTHWJIBHOTO
Marepiaiy Ta microineriB «Popt 9P» ta «Dopt 17P» n03BOIMIIO BCTAHOBHUTH, IO IIPH AUCTAHIIISAX NOCTPLTy BIpUTYI — 50 cM Ta Oy b
SIKHX BHIIB TEKCTHIIFHOTO MaTepialy YTBOPIOEThCS PAHOBHUIT KaHAI HA TTIMOMHY IIoHaiMeHIIe 1 cM; B Tol xe gac «Dopt 9P» B Oynn
SIKOMY BHIIaJIKy HE BHUKIIMKA€ YTBOPEHHS PAHOBOTO KaHATy HOBXHHOWO Outbiie 6 cM, a «®oprt 17P» rimmbunoro Oinbiue S cM;
0aBOBHSIHA TKAHMHA Ma€ Kpallli 3aXUCHI BIACTUBOCTI IpH 1ocTpinax 3 «Dopt 9Py, a mkipo3amiHHUK 1pu mocTpinax 3 «Dopt 17P».

Kuro4oBi cj10Ba: BorHenanbHa paHa, BOTHEAIbHI YIIKOIKSHHS, BOTHETIa IbHA 30p0s, €TacTHYHI Ky, pi3Hi TKAaHUHH.

The study is a fragment of the research project“Characteristics of damage to human body tissue simulators caused by
non-lethal weapons”, state registration No. 0121U107924.

Among all types of firearms, non-lethal firearms are still the least researched. Its appearance was
primarily due to the need of arm law enforcement agencies for an effective means that can stop offenders
but at the same time not cause serious physical harm. In addition, in the future, such types of weapons
became available to a wider range of people, in particular, representatives of journalistic professions,
judicial bodies, etc.
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