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Abstract

Introduction. The study of transport systems for targeted drug delivery is considered to be one of the promising areas of
modern experimental and clinical medicine. Preclinical studies confirm the feasibility of creating a cellular system for targeted
delivery of interleukin-1p in the body, based on autologous red blood cell ghosts, to improve the outcomes of treatment of
purulent-inflammatory soft tissue diseases. The acute toxicity study is a crucial step in the preclinical safety study of
autologous erythrocyte ghosts containing interleukin-10.

Aim. To study the acute toxicity of Interleukin-1p, encapsulated in autologous rat erythrocyte ghosts.

Materials and methods. Interleukin — 1 beta was encapsulated in autologous red blood cells of rats by the method of
hypoosmotic hemolysis. A study of the acute toxicity of Interleukin-1f encapsulated in autologous erythrocyte ghosts was
conducted on white outbred rats of both sexes, weighing 250-300 g (40 animals in the main group and 50 in the control
group). In the control group, the studied drug was administered in free form as an injection solution intravenously once into
the femoral vein. In the main group, interleukin-1f encapsulated in autologous erythrocyte ghosts (pharmacocytes) was
administered into the femoral vein. The range of administered doses of interleukin-1p was from 0.07 pg/kg to 20 pg/kg.
During the 14 days, the rats of the main and control groups were under observation, at a constant (26-28°C) ambient
temperature, and were kept with constant access to water and food. The timing of intoxication onset and animal death was
recorded, with a detailed description of the observed clinical manifestations. On day 15, all animals from both groups were
euthanized under deep anesthesia, performed in compliance with the principles of humane treatment of experimental
animals, followed by pathomorphological examination.

Results. The LD50 for the free form of interleukin-1p was established at 15,030 ng/kg. Within the dose range used, it
was not possible to determine the LD50 for interleukin-13 encapsulated in autologous red blood cell ghosts, as further dose
escalation was technically challenging. Pathomorphological studies showed that administration of free interleukin-1f in the
control group animals induced a pronounced inflammatory reaction in the subcutaneous adipose tissue and a moderate
inflammatory response in the liver and kidneys. In contrast, administration of interleukin-1f3 encapsulated in autologous red
blood cell ghosts caused only minor degenerative changes in the tissues and was manifested by moderate signs of venous
congestion.

Conclusion. The results of the study of acute toxicity of interleukin-1p deposited in autologous red blood cell ghosts
prove that pharmacocytes can significantly reduce the toxicity of the drug. We assume that the decreased toxicity of
interleukin-1p upon encapsulation in autologous red blood cell ghosts is associated with altered pharmacokinetics.
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Pestome
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BeepeHne. OpHuUM W3 MEPCMEKTMBHbIX HaMpaBMEHWA COBPEMEHHOA MeAWUMHbI  SIBMSIETCA  MCMONb30BaHMe
TPaHCNOPTHBIX CUCTEM [ANs LeneHanpaBneHHoN JOCTaBkM NeKapCTBEHHbIX npenapatoB. [OKNUHWYECKME MCCrenoBaHus
NOATBEPXOAKT BO3MOXHOCTb CO3AAHNS KNETOYHON CUCTEMbI NS HAanpaBNeHHON AOCTaBKM MHTEprenkuH-1B3 B opraHuame
Ha OCHOBE TEHEM ayTOMOTMYHbIX JPUTPOLMTOB AN YNYYLEHUS PE3ynbTaToB MEYEHWs] THOMHO-BOCMANMTENbHBIX
3aboneBaHnii MSArkMX TkaHel. MccnegoBaHue OCTPOM TOKCUYHOCTM SIBMSIETCS BaXHbIM - 3TanoM  LOKMMHUYECKOrO
nccnefoBaHus 6e30nNacHOCTH ayTONMOMNYHbIX TEHEN 3PUTPOLMTOB, COAEPKALLNX UHTEPNENKUH-1P.

Llenb: usyyeHue ocTpoi TokeuuHoCTH WHTepreitkuHa-1[3, MHKancynupoBaHHOrO B ayTOMNOMYHbIE TEHW SPUTPOLIUTOB KPbIC.

Matepuan u metogbl: HTepneiikuH — 1 6eta Obin MHKANCYIMPOBaH B ayTOMNOTMYECKME SPUTPOLMTBI KPbIC MO METOANKE
TMNOOCMOTMYECKOrO reMonu3a. [ns usyyeHnst OCTpoit TOKCUYHOCTU MHKOPNOPMPOBAHHOMO Mpenaparta UCcnosnb30Bani 6enbix
BecnopogHbix kpeic 06oero nona maccon 250-300 r. B akcnepumenTanbHom rpynne 6eino 40 ronos, B KOHTPONbHOM —50
rofoB KpbIC. B KOHTPOMbHOI rpynne HTepnenkuH-13 BBogunm B cBoboagHONM dhopme B GepeHHyto BeHy. B ocHOBHOM rpynne
BBOAMNM B GEAPEHHYI0 BEHY MHTEPNENKMH-1[3, MHKANCYNMPOBaHHbIA B ayTONOMMYHbIE TEHWN SPUTPOLUTOB (hapMakounTbl).
[nanasoH BBOAMMBIX 803 MHTEpnedkuHa - 1B ot 0,07mkr/kr o 20 mkr/kr. B TeuyeHue 14 gHel KpbICbl HAXOQMIUCL MOZ
HabriogeHveM 1 cogepxanucb npy NOCTOSIHHON TemnepaType okpyxaiowen cpedbl (26-28°C) co cBoBoaHbIM JOCTYNOM K
nuiwe W Boge. PeructpupoBann CPOKM PasBATWSI MHTOKCMKALWMM W rMOEnM XMBOTHbIX C MOAPOOHBIM  OnMMCaHWEM
HabniogaemMon KIMHUYECKo! KapTuHbl. Ha 15-1 AeHb BCe XWBOTHble M3 06enx rpynn Gbiny NOABEPrHYTHI 3BTaHa3WM MoA
rnyOoKOM aHecTe3nel KOTOPYH BbIMOMHAMNW C COOMIOAEHWEM MPaBWUN TYMaHHOrO OTHOLIEHWS K SKCMEPUMEHTAMbHBLIM
XMBOTHBIM 1 3aTeM NPOBOAWAM NAaTOMOPONOrMYECKUE UCCNEA0BAHMS.

Pesynbratbl: LD50 gns ceoGogHon copmbl WHTeprenkuHa- 1B ycTaHoBneHo Ha yposHe 15030 Hr/kr. B mpegenax
MCMoNb3oBaHHbIX 803 onpenenmuts LD50 ans MHTepnenikuHa-1B, MHKANCYnuMpOBaHHOMO B ayTONMOTUYHbIE TEHU SPUTPOLMTOB, He
yOanoch, fanbHenlee MOBbILEHNE 03 TEXHUYECKM Obino 3aTpyaHeHo. PeaynbTathl MaToMopdOnori4eckix MCCrenoBaHui
rokasanu, 4To BeeaeHue VHtepnenkuHa- 18 B cBOOOAHO (POPME Y KMBOTHBIX KOHTPONBHON TPYMMbl BbI3bIBAMO BbIPAXEHHYIO
BOCMaruTerbHYl0 PeakUWio B MOOKOXHO-KMPOBOM KMeTyaTke WM YMEPEHHYI0 BOCTANMUTENbHYIO peakumio B MEYEHU W MoyKax.
Beepetue VHTepneiikiHa-1p, MHKaNCyrmMpoBaHHOTO B ayTONMOMMYHbIE TEHW 3PUTPOLMTOB, NPMBOAUNO NMLb K HE3HAUMTENbHbIE
[EreHepaTVBHLIM PEAKLMAM B TKAHSIX M MPOSIBISANOCH YMEPEHHbIMI MpKU3HaKaMy BEHO3HOTO 3aCTOs.

BouiBogbl: BknioueHne uHTepnenkuHa-1 Geta B ayTOMOTMYHbIE TEHU 3PUTPOLIMTOB MPUBENO K CHDKEHWKD OCTPOM
TOKCUYHOCTW. [peanonaraeM, 4To CHWXeHUE TOKCUYHOCTM WHTepneikiHa- 1B npu MHKancynsauuW B ayTOMOTMYHbIE TEHM
3pUTPOLMTOB 0BYCNOBNEHO M3MEHEHMEM (haPMAKOKMHETUKN.

Knrouyesbie cnosa:  uHmepnelkuH-18, ocmpasi  MOKCUYHOCMb, — MeEHU  3pUMPOuUUMO8,  hapMakoyumsl,
ueneHanpaeneHHass docmaeka nekapcme.
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Kipicne. 3amaHayn MeouumHaHblH, nepcrekTuBarsl 6arbiTTapbiHbIH, Oipi Aapinik NpenapatTapabl MakCaTTbl XKeTKi3y yLUiH
TPaHCMOPTTbIK, XyWenepai naiganady 6ombin Tabbinagbl. KnuHukara OeWiHM 3epTTeynep ymcak TiHOEPAiH, ipiHAi-KabbiHy
aypynapblH emgey HaTWUXenepiH akcapTy VLUiH ayTonorvsrblK —puUTpOLMTTepdiH, KabbiKwanapsl HerisiHoe neHede
MHTEPNENKUH-1B-Hbl MakCaTTbl JKETKi3y VyILIH Xacylla XyieciH Kypy MyMKiHZiriH pactaigbl. YKXegen ybITTblbIKTbI 3epTTey
WHTepneiiknH-1B 6ap apuTPOLMTTEPAiH, ayTONOrMAMbIK KabbIKLLIANAaPbIHBIH, KAYINCi3AinH KMHUKara AENiHM 3epTTeYAiH, MaHbI3ab
ke3eHi 6onbin Tabbinaapl.

Makcatbl: ereyKyipbiKTapablH, SPUTPOLMTTEDIHIH, ayTONOMMANbIK, KabblKWanapbiHa MHKANCYNAUnANaHFaH MHTepnenkinH-1p3
KEOEN YbITTbirbiFbIH 3epTTEY 60Nl

Marepuan xoHe apictep: WHTepneiikuh-1 6eTa MMNOOCMOTUKANbIK, FEMONM3 aaici OOMbIHILA ereykyiipbiKTapabiH,
ayTomnorvsnbIK 3PUTPOLIMTTEPIHE MHKaNCynsaUusnaHabl. XKyKTenreH npenapatTbiH, XeAen YbiTTbiMbIFbiH 3epTTey YLiH canvarbl
250-300 r GonaTblH €Ki XbIHbICTafbl K TYKbIMCbI3 EreyKympbIkTap KomndaHbIngbl. JkcnepumenTTik TonTa 40 Gac, Hakpinay
To6bIHAa -50 Bac ereykyipbik, 6ongbl. bakpinay TobbiHAa WHTepnekH-13 epiTiHaici dhemopanbabl kekTambipFa Tasa Typae
eHrisingi. Herisri TonTa  9puTpOUMTTEPdiH, ayTOMOTWANbIK,  KabbiklanapbiHa  (hapmakoLuTTep)  MHKaNcynsaUusnaHFaH
WHTepneiknH-1B chemopanbabl kekTambipra eHrisingi. MHTepneikvH - 1B gosanapbiHbiH, Ananasorbl 0,07 mkr/kr-HaH 20 MKr/kr-Fa
BENiH.14 KkyH iWiHOe ereykyipbikTap Bakpinayga 60ngbl xaHe Tamak MeH CyFa epkiH KON KeTiMAI TypaKkTbl KopluaFaH opTa
TemneparypacbiHaa (26-28°C) 6ongbl. BaikanaH KnHUKanbIk, KepiHICTi enkelt-TeNKeini cunatTaii OTbIpbIn, YbITTbINbIK, AEHTEN
MEeH XaHyapnapablH, eniMiHiv, Jamy mepaimgepi Tipkengi. 15-wwi kyHi exi TonTarbl Gaprblk aHyapriap TepeH, aHECTE3WsMEH
3BTaHMU3ALMANAHAB! XaHe SKCMEpUMEHTanbl XaHyaprapra afaMrepluinik KaTbiHac epexenepiH CakTtail OTbIpbIN XKyprisingi,
cofiaH KeriH naToMopdonormanbIk 3epTTeynep Xyprisingi.

Hatuxenep: nHtepnenkuH - 18 Tasa dopmace! yiiH LD50 15030 Hr/kr aexreniHae aHbikTangbl. MaiganaqsinsaH gosanap
LUeriHae SpUTPOLMTTEPLH, ayTONOMsNbIK KabblKLanapbiHa UHKaNCynsuvsnaHFaH uHTepneiikuk-18 yiii LD50 aHbikTay MyMKiH
Gonmagpl, f03aHbl 0faH api apTTbIpY TEXHUKAMbIK, TypFbldaH KublH Bonapl. MatomMopdonorusnbik, 3epTTeynepaiH, HaTwxenepi
Bakbinay TODbIHOaFbl XaHyaprapga WHTeprenkuH - 1B Tasa TypiHOE €eHrisy Tepi acTbiHAarbl Mall TiHiHOE aikbH KabblHy
peakUMsICbIH aHe Gaybip MeH OyipekTe opTalua KabblHy peakUMsiChIH TyObIpFaHbIH KOPCETTI. SPUTPOLMTTEPAiH, ayTONOrMSMbIK,
KabblKLanapbiHa WHKaNCynsumsnaxFaH WHTepneiikuk-18 eHrisy TiHOepae a3 faHa [ereHepaTvBTi peakunsnapra aKenai xaHe
BEHO3/bIK, TOKbIPaYAblH, OpTaLla benrinepiMeH kepiHai.

KOpbITbIHAbI: VHTEPNEKMH-1B-Hbl SpUTPOLMTTEpPiH, ayTONOrMsblk, KabblKLuanapbiHa KyKTey Xemen YbITTbUIbIKTbIH,
TemeHgeyiHe aKkenai.  OpuUTPOLMTTEPAiH, ayTonorusnblk, KabbikluanapblHa — WHKANCynsuMs  kesiHoe — WHTepneikuH-103
YbITTbINbIFbIHBIH, TOMEHAeYi (hapMaKoKUHETUKaHbIH, e3repyiHe GalinaHbICTbI fen ecentenmia.

TyliHdi ce3dep: uHmepnelikux-1B, xeden ybimmbinbik, spumpouummeplin; Kabbikwanapsl, thapmakoyummep, dapi-
Oapmexkmepdi Makcammb| XKemKizy.
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Introduction

The study of transport systems for targeted drug
delivery is considered to be one of the promising areas of
modern experimental and clinical medicine [41,24,22,12].
Targeted drug delivery not only increases the effectiveness
of therapy by creating optimal concentrations of the drug
directly at the pathological site, but also significantly
reduces the risk of systemic side effects. Among the most
promising delivery systems are cellular carriers, including
erythrocyte ghosts and their nanoderivatives, which exhibit
biocompatibility, prolonged circulation time, and the ability
to protect encapsulated drugs from rapid degradation.
These approaches open up opportunities for personalized
therapy, improved treatment outcomes, and reduced drug
burden on the patient's body, making them highly relevant
for  further  preclinical and  clinical  studies
[30,19,18,29,17,34,38]. The development of innovative
approaches in the pathogenetic therapy of pyoinflammatory
diseases  through  the  targeted  delivery  of
immunomodulators to the inflammatory site is of great
interest for practical medicine [1,24,22,12]. We have
developed a ftransport system based on autologous
erythrocyte ghosts for targeted cytokine delivery in the body
to improve the results of treatment of pyoinflammatory
diseases of soft tissues [14,15,32].

The use of blood cells to create systems for targeted
drug delivery is undoubtedly the simplest, most clinically
accessible, and logically justified option for addressing this
problem. Targeted transport of drugs deposited in
autologous erythrocytes provides a substantial increase in
treatment efficacy and a significant reduction in drug toxicity
by enhancing bioavailability and enabling drug
accumulation directly at the site of the infectious process,
bypassing excessive systemic distribution [15,37].

Drug delivery using erythrocyte ghosts is supported by
the physiological characteristics of the inflammatory
response. Purulent-inflammatory sites are known to exhibit
enhanced blood supply and a high density of macrophages.
When autologous erythrocyte-based carriers loaded with
drugs are introduced into the body, they are preferentially
taken up by cells of the mononuclear phagocyte system.
Within  the inflammatory focus, these erythrocyte
pharmacocytes undergo phagocytosis, leading to the
controlled release of the encapsulated drug and the
establishment of a sustained, locally elevated drug
concentration. This outcome unattainable with conventional
drug administration methods [15].

The introduction of erythrocyte pharmacocyte-based
targeted drug delivery technology into clinical practice
opens prospects for a significant increase in the
effectiveness of therapy in the treatment of severe surgical
infections. Targeted drug delivery not only provides a
pronounced anti-inflammatory effect at the site of purulent
inflammation but also reduces overall toxicity through
selective distribution and reduced daily dosage. The results
of conducted studies have confirmed the possibility of
substantially lowering overall toxicity and drug burden
compared with traditional treatment methods. Furthermore,
this technology promotes the rational use of drugs, reduces
their consumption, and thus yields significant economic and
social benefits. Conducted experimental and clinical trials
have demonstrated the feasibility of using erythrocyte

ghosts containing deposited antibiotics or cytokines to
enhance the treatment outcomes of surgical infections. It
has been shown that the use of erythrocyte pharmacocytes
enables the formation of consistently high concentrations of
the drug both in blood serum and in the wound site for a
prolonged period following a single dose—an effect
fundamentally different from conventional intravenous
administration or local tissue saturation with the same drug
[14].

The acute toxicity study is a crucial step in the
preclinical safety study of autologous erythrocyte ghosts
containing interleukin-13 [11,36].

Aim. To study the acute toxicity of Interleukin-1p,
encapsulated in autologous erythrocyte ghosts.

Materials and methods

Interleukin — 1 beta (Betaleukin, lyophilizate for solution
preparation 0.5 pg/mL, Federal State Unitary Enterprise
"State Scientific Research Institute of Pure Biochemistry",
Russian Federation). A total of 90 albino Wistar rats
weighing 250-350 grams were housed under standard
controlled conditions at the National Biotechnology Center's
vivarium. The environmental conditions included a
temperature of 22 + 2 °C, humidity of 55 £ 5%, and a 12-
hour light/dark cycle. The rats were fed ad libitum with
unrestricted access to food and water. The experimental
work was performed in accordance with the legislation of
the Republic of Kazakhstan, Recommendation Ne33 of the
Board of the Eurasian Economic Commission dated
November 14, 2023 «About the Guidelines for working with
laboratory (experimental) animals during preclinical (non-
clinical) studies» and the provisions of the European
Convention for the Protection of Vertebrate Animals Used
for Experimental and Scientific Purposes, as well as the
provisions of Directive 2010/63/EU of the European
Parliament and Council of the European Union of
September 22, 2010 on animal welfare used for scientific
pUrposes.

The use of experimental animals was approved by the
Local Ethical Committee of PI "National Laboratory Astana"
(Ne 05-2022/21.10.2022). All procedures were carried out
with appropriate anesthesia, under isoflurane inhalation
anesthesia.

The creation of pharmacocytes and encapsulation of
the Interleukin-1B drug in them was done according to the
previously described author’'s method [43].

A study of the acute toxicity of Interleukin-1f
encapsulated in autologous erythrocyte ghosts was
conducted on white outbred rats of both sexes, weighing
250-300 g (40 animals in the main group and 50 in the
control group).

In the control group, the studied drug was administered
in free form as an injection solution intravenously once into
the femoral vein. The range of administered doses of
interleukin-1p was from 0.07 pg/kg to 20 pg/kg.

In the main group, the drug was administered in the
form of pharmacocytes intravenously once into the femoral
vein.

In all cases, observations were made from the first
minutes of changes in the color of exposed areas of the
skin. During the entire study period, the rats of the main and
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control groups were under observation, at a constant (26-
280C) ambient temperature, and were kept with constant
access to water and food. Throughout the subsequent
period, the animals’ behavior and appearance were
observed, and any changes that could be attributed to the
toxic effect of the drug were recorded. The observation
lasted 14 days. The lethal doses were calculated using
probit analysis: y = I(a + B x), where y is the proportion of
dead animals, x is the decimal logarithm of the drug dose
expressed in nanograms per kilogram, 0 is the distribution
function of the standard normal variable, and a and  are
regression coefficients [3]. Regression coefficients were
determined using the STATISTICA program.

14 days after the administration of the studied drug, the
rats of the main and control groups were withdrawn from
the experiment. Histological studies of rat organs revealed
pathomorphological changes after administration of drugs at
a dose of 0.8 pgkg. For the pathomorphological
examination of organs and tissues, animals were removed
from the experiment under inhalation anesthesia by
dislocation of the cervical vertebrae. Samples of organs and
tissues (liver, heart, kidneys, testicles, brain, spleen,
adrenal glands) were collected from each group for
pathomorphological examination. Tissue samples were
fixed in 10% neutral formalin and alcohol-formol. 6-8 pm
thick histosections, prepared on an MPS-2 rotation
microscope, were deparaffinized and stained with Mayer's
hematoxylin and eosin, picrofuchsin according to Van
Gieson, methyl green and pyronin according to Brachet,
periodate K and Schiff's reagent according to McManus
[2,6].

Statistical processing of the results was made using the
Statistica 12 software package. The results obtained are
presented as "arithmetic mean + standard error of the
mean". Intergroup differences were assessed using the
nonparametric Mann-Whitney U-test. Differences were
considered reliable at a significance level of p < 0.05
[35,26].

Results

The results of experimental studies on the acute toxicity
of interleukin-1B (Betaleukin) in free form and in the form of
the drug deposited in autologous erythrocytes
(pharmacocytes) are presented in Tables 1 and 2.

Table 1.
Results of acute toxicity determination of interleukin-1f
preparation, standard intravenous interleukin-1f
reparation (control group)

Dose, ng/kg Mortality/survival count
70 0/10

700 0/10

3300 110

13333 37

20000 4/6

The lethal dose level for interleukin-1p in free form is:
y =((-5.21) +(1.64) x), therefore, DL50=15030 ng/kg
DL16=3690 ng/kg

Table 2.
Results of determination of acute toxicity of the
interleukin-1B drug deposited in pharmacocytes
(experimental group).

Dose, ng/kg Mortality/survival count
70 2

700 0/10

3300 0/10

13333 0/10

20000 0/10

As can be seen from the presented data, the
maximum technically possible dose under the conditions
of this experiment of 20,000 ng/kg does not cause
mortality in the experimental animals used. Further
increases in doses were technically impossible.
Hypothetically, based on the semi-logarithmic curve
shown in Figure 1, mortality rates could only be achieved
with technically unrealistic doses of the administered drug.
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Figure 1. Semi-logarithmic dose-response curve for
Interleukin-1 in the form of pharmacocytes

Thus, the results of the study of acute toxicity of the
drug interleukin-1pB in free form correspond to the data
presented in the available literature: 50% lethal doses of
interleukin-1p - DL50 = 15030 ng/kg
[4,5,7,8,9,10,13,16,20,21,23,25,27,28,31,33, 39,40].

As can be seen, the deposition of interleukin-1B in
pharmacocytes leads to a significant decrease in the
toxicity of the drug. It is pharmacocytes that provide a
decrease in the toxic potential of the cytokine under

study.
This was confirmed by the results of
pathomorphological studies. Histological studies of

animal organs after administration of drugs for acute
toxicity studies are shown in the following figures (Figure
2).

The results of the histological examination of the
organs of rat after the introduction of Betaleukin in free
form and the organs of rat after the introduction of
Betaleukin in pharmacocytes for the study of acute
toxicity are given below..
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Results of histological examination of rat organs
after administration of Betaleukin in free form.

A1 Heart tissue. Hematoxylin and eosin staining. x200.
1- cardiomyocytes; 2- hemorrhage zones.

The structure is not damaged. Preserved transverse striation is
observed. There are extensive hemorrhage fields in the form of
accumulation of erythrocytes and hemosiderin in the stroma and in
the intermuscular spaces. There are small hemorrhages and
moderate  stromal edema between the muscle fibers.
Cardiomyocytes with signs of protein hyaline-droplet dystrophy. The
vessels of the interstitial tissue are full-blooded, in single vessels
there is separation of erythrocytes from blood plasma. (Figure 2,

| i A e Mo
B1 Kidney tissue. Hematoxylin and eosin staining. x200.

1 - renal corpuscle. 2 - proximal tubule. 3 - distal tubule.

4 - lobulated glomerulus.

Interstitial edema, vascular and interstitial tissue congestion is
observed. The cortex and medulla are preserved. Vascular
glomeruli with moderate vascular loop congestion are found in the
cortex. Some vascular loops form lobule-like structures. The
epithelium of the proximal and distal tubules shows signs of protein
hyaline droplet dystrophy. The vessels of the interstitial tissue are
congested (Figure 2, B1).

:

C1 Liver tissue. Hematoxylin and eosin staining. x100.
Hepatocytes. 2 - sinusoids. 3 - portal tract.

The preserved zone of liver tissue is represented by sharply dilated
deformed portal tracts infiltrated with lymphocytes, histiocytes, and
an admixture of neutrophilic leukocytes. Portal tracts are deformed
and sclerotic. Proliferation of bile ducts. Hepatocytes in liver lobules
with signs of hyaline-droplet dystrophy. In the sinusoids, there are
clusters of erythrocytes and stellate reticuloendotheliocytes (Figure
2,C1).
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Results of histological examination of rat organs after
administration of Betaleukin included in pharmacocytes.

A2 Heart tissue. Hematoxylin and eosin staining. x200.
1- cardiomyocytes; 2- isolated minor hemorrhage areas;
3- interstitial tissue vessels.

The tissue structure is preserved. Transverse striation of
myocytes is observed. Cardiomyocytes with signs of protein
hyaline-droplet  dystrophy. Mild intermuscular edema.
Interstitial tissue vessels are moderately full-blooded. Minor
hemorrhages are observed in isolated areas in the stroma
and intermuscular spaces (Figure 2, A2).

B2 Kidney tissue. Hematoxylin and eosin staining. x200.
1 - renal corpuscle. 2 - proximal tubules. 3 - distal tubules.

The cortical and cerebral layers are preserved. Vascular
glomeruli with moderate congestion of vascular loops are found
in the cortical layer. Vascular loops of the glomeruli are
moderately full-blooded, with minor mesangial proliferation.
Epithelium of proximal and distal tubules with hyaline-droplet
dystrophy (Figure 2, B2).

C2 Liver tissue. Hematoxylin and eosin staining. x200.

1 - Hepatocytes. 2 - sinusoids. 3- portal tract.
The structure of the liver tissue is not damaged. The vessels of
the portal tracts and central veins are full-blooded. In the portal
tracts, proliferation of bile ducts is observed. Hepatocytes in the
liver lobules are with signs of protein hyaline-drop dystrophy. In
the lumen of the sinusoids, there is a slight accumulation of
erythrocytes and low-active stellate reticuloendotheliocytes are
found (Figure 2, C2).
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D1 Spleen tissue. Hematoxylin and eosin staining. x200.
1 - interstitial tissue vessels. 2 - follicles.
3 - hemosiderin accumulation.
Interstitial tissue vessels are full-blooded. Preserved follicles are
found. Moderate congestion of spleen tissue with brown

1 - bronch. 2 - alveoli.
The structure is damaged. Microscopically, exudate with a large
accumulation of lymphocytes, histiocytes and a moderate number of
neutrophilic leukocytes is determined in the respiratory part and
bronchi. Peribronchial changes predominate: thickening of the
peribronchial tissue, narrowing of the bronchial lumen. Collapses
and expansions of the alveoli are detected (Figure 2, E1).

F1 Thigh muscles. Hematoxylin and eosin staining. x100.
1 - skeletal muscle. 2 - intermuscular tissue edema.
The structure of the skeletal muscle is preserved with signs of
transverse striation with pronounced edema of the intermuscular
tissue (Figure 2, F1).

P e e A v 7 J
G1 Subcutaneous fat. Hematoxylin and eosin staining. x100.
1 - epidermis; 2 - basal layer; 3 - dermis; 4 - subcutaneous fat.
The epidermal tissue is represented by fragments of multilayered
squamous epithelium with proliferation of the basal layer of cells.
Under the squamous epithelium in the thickness of the
subcutaneous fat there is focal inflammatory infiltration of
lymphocytes, histiocytes and neutrophilic leukocytes.

D2 Spleen tissue. Hematoxylin and eosin staining. x100.
1-follicles. 2-interstitial tissue vessels.
3-hemorrhage foci.

Spleen tissue is with venous congestion, with focal
hemorrhages. Interstitial tissue vessels are congested.
Preserved ollicles are detected (Figure 2, D2).

E2 Lung tissue. Hematoxylin and eosin staining. x200.

1 - bronch. 2 - alveoli.
The structure is not damaged. Moderately thickened interalveolar
septa are determined. Focal - emphysematous swelling of the
alveoli. Pronounced lympholliicles around the bronchi. In the
arteries, blood plasma proteins are determined and there is an
accumulation of erythrocytes closer to the arterial wall (Figure 2,

F2 Muscle tissue. Hematoxylin and eosin staining. x400.
1 - skeletal muscle. 2 - intermuscular tissue.
Skeletal muscle with transverse striation with signs of
protein-hyaline droplet dystrophy of myocytes (Figure 2, F2).

G2 Subcutaneous fat tissue. Hematoxylin and eosin
staining. x200. 1 - fat vacuoles; 2 - interstitial tissue.
Subcutaneous fat tissue is represented by preserved fat
vacuoles and interstitial tissue.

Figure 2. Results of histological studies of animal organs.
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Histological examination of animal organs after
administration of the drugs at 0.8 ug/kg revealed the
following:

a) A moderate toxic effect is observed when Betaleukin is
administered in free form, which manifests itself in a
pronounced inflammatory reaction in the subcutaneous fat
tissue and a moderate one in the internal organs (Fig. A1 -
G1).

B) A lower toxic effect was determined after the
introduction of Betaleukin included in pharmacocytes (Fig.
A2 — G2), since minor dystrophic processes and moderate
signs of venous congestion were observed in the organs.

Discussion

The results of the study of acute toxicity of interleukin-
1B deposited in pharmacocytes prove that pharmacocytes
can significantly reduce the toxicity of the drug. Thus, if the
results of the study of acute toxicity of interleukin-1f in the
standard, free form correspond to the data presented in the
available literature: 50% lethal doses of interleukin-1p -
DL50 = 15030 ng / kg, then the acute toxicity of the drug in
the form of pharmacocytes is significantly lower than the
toxicity of the free drug. The level of lethal doses could not
be determined for technical reasons. The lower toxicity of
deposited interleukin-1p is also confirmed by the results of
pathomorphological examination. Thus, it was established
that according to the data of histological examination of
tissues after intravenous administration of DL50%
betaleukin in free form in surviving animals (rats) on the
15th day, toxicity is manifested in a pronounced
inflammatory reaction in the subcutaneous fat tissue and a
moderate one in the liver, kidneys, and heart. In the same
situation, when an equivalent dose of this cytokine was
administered in the form of pharmacocytes, only minor
dystrophic processes and moderate signs of venous
congestion were detected. Pharmacocytes evidently reduce
the toxic potential of cytokines.

This fact, previously established by wus for
pharmacocytes containing an antibiotic, allows us to build
upon the premise and assert that, as a drug form,
pharmacocytes reduce the toxic potential of the medicinal
substance deposited in them; this position is new and
previously unproven, although assumptions have been
made by individual researchers [14,42,32]. The study
demonstrates that encapsulation of interleukin-1f in
pharmacocytes markedly reduces its acute toxicity
compared to the free form, as confirmed by both survival
data and histological findings. These results support the
concept that pharmacocytes can serve as an effective
cellular transport system to minimize drug toxicity and justify
further preclinical research toward clinical application.

Conclusion

The data obtained in our experimental conditions on the
possibility of reducing the toxicity of interleukin-1B in the
case of deposition of this substance in pharmacocytes allow
us to confirm the general position on cellular transport
systems, and also to continue preclinical studies of
pharmacocytes with the prospect of creating a new
transport system for the clinic. Thus, erythrocyte
pharmacocyte-based targeted drug delivery technology
represents an innovative and pathogenetically justified
approach that improves the outcomes of surgical infection
treatment, reduces toxicity, increases the safety of therapy,

and broadens the opportunities of clinical pharmacology in
the field of personalized medicine.
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