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based on BCG antigens with betulonic acid in guinea pigs
infected with Mycobacterium scrofulaceum
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ABSTRACT

The paper reports on the research into the immunotherapeutic properties of a conjugate based on BCG antigens with betulonic acid after experimental infection of
quinea pigs with Mycobacterium scrofulaceum culture, belonging to nontuberculosis mycobacteria type Il according to the Runyon classification. Fifteen guinea pigs
were used for the experimental purposes, divided into 3 groups. Mycobacterium scrofulaceum was subcutaneously injected into animals of groups 1and 2 (n=10)
atadose of 5 mg. Fourteen days later, a conjugate based on BCG antigens with betulonic acid was subcutaneously injected into animals of group 2 (n =5) at a dose
of 500 pg/mL of protein. Five intact animals were used as controls. During the experiment, neutrophil bactericidal activity was assessed, and histopathological
examination of inguinal lymph nodes was done. The experiment showed that the inoculation of Mycobacterium scrofulaceum into guinea pigs activates cationic
proteins and neutrophil myeloperoxidase, and on experiment day 42 (preceded by mycobacteria withdrawal from the body) their concentration reduced to the level
of the control group. The vaccine administration induced a more active intracellular phagocyte metabolism during the entire observation period, which resulted in
the elimination of nontuberculosis mycobacteria in animals as early as day 7 after treatment with the conjugate. The elimination was confirmed by the absence of
mycobacterial antigen in blood smears tested in indirect immunofluorescence, as well as by histopathological changes in inguinal lymph nodes demonstrated as
areduction of germinal centers within lymphoid follicles.
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N3yueHne UMMyHOTEpaneBTUYECKUX CBOWCTB KOHbIOraTa

aHTureHoB bLK ¢ 6eTynoHOBON KCNOTON HA MOPCKIX CBUHKAX,

MHQUUMpPOBaHHbIX Mycobacterium scrofulaceum

. H. Kowkun, B. C. Bnacenko, H. A. leHruc
OTBHY «Omckuii arpapHbiit HayyHbli LeHTp» (OTBHY «Omckuit AHLL), np. Koponesa, 26, 1. Omck, 644012, Poccua

PE3IOME

B HacToALLeit paboTe NpeACTaBNEeHbI pe3yNbTaTbl U3yyeHIna IMMYHOTEpaneBTUYECKIX CBOICTB Npenapata U3 aHTureHHoro komnnekca bLIK, koHblorupoBaHHoro
¢ 6eTYNOHOBOIA KNCIOTOIA, NOCNE IKCNEPUMEHTaNIBHOTO 3apaeHna MOPCKIX CBIIHOK KynbTypoil Mycobacterium scrofulaceum, oTHocALLeiCA K HeTy6epKyse3HbIM
mukobaktepuam |l Tuna no knaccudukauum Panboa. C 3Toii Lienbio NpoBeSeH OMbIT Ha 15 MOPCKMX CBUHKAX, U3 KOTOPbIX b0 ChOpMIUpOBaHO 3 rpynnbl.
MusotHbim 1-it v 2-ii rpynn (n = 10) nogkoxHo uHokynuposanu Mycobacterium scrofulaceum B fo3e 5 mr, nocne yero ocobam 2-i rpynnbl (n = 5) uepe3 14 ¢yt
MOAKOXHO BBOAUAM KoHbloraT aHTureHoB BLIX ¢ 6eTynoHoBoi Kucnotoii B fo3e 500 MKr/Mn 6enka. lATb MHTAKTHBIX 0cobeil cnyxwunn Kotponem. Mpu npo-
BE/IEHNI IKCNEPUMEHTOB OLEHMBANN QYHKLMOHANBHOE COCTOAHNE BAKTEPULMAHBIX CUCTEM HEITPOPUOB, A TaKKe BbINOAHANM NATOrUCTONOMUYECKME CCTIe-
JZI0BaHUA NaXoBbIX MMdATMYECKX Y3N0B. B pe3ynbrate 66110 YCTaHOBAEHO, YT CEHCMBUNM3ALMA MOPCKIX CBUHOK Mycobacterium scrofulaceum akTtugin3mpyet
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JeATENbHOCTb KaTUOHHBIX GEKOB 1 MUENIONEPOKCUAA3bI HEHTPODINOB, 1 N0 Mepe BbIBEAEHNS MIUKOBAKTEPHIi 13 0praH3Ma K 42-M CyT T Hauana SKCnepumeHTa
X KOHLEHTPALWA CHINKanacb A0 YpOBHS KOHTPONbHO rpynnbl. BBeZeHue npenapata uHaywupoBano Gonee BbIpaXeHHOe ycuneHue BHYTPUKNETOUHOTO MeTa6o-
/13Ma GaroLMTOB B TeueHue BCero CPOKa HaboaeHus, CocobCTBYA IMUMMHALIM HETYOEPKYNIE3HBIX MIKOOAKTEPU1 U3 OpraHi3Ma KUBOTHBIX Y3Ke Ha 7-€ CyT
nocsie 06paboTKy KOHBIOTATOM, YTO MOATBEPXKAANOCH OTCYTCTBUEM MUKOBAKTEPUANbHOTO aHTUrEHa B Ma3Kax KpOBY NP UCCTIE0BAHIN B PEaKLM HENPAMOit
UMMYHOGNYOPECLIEHLMM,  TAKXKE NATOrACTONOTMYECKIMIN U3MEHEHUAMM B TAXOBbIX IMMOATUYECKYIX Y3N1aX, KOTOPbIE BbIPAMKAINCh YMEHbLIEHUEM BbIPAXEHHbIX
LIeHTPOB Pa3MHOXEHIA B IUMPATUUECKIX GOANMKYNAX.

KntoueBble cnoBa: HetybepkynesHble MuKobakTepun, Mopckue cBUHKM, 6auunna Kanbmerta — lepena (BLIX), 6eTynoHoBas kucnota, Helitpodunbl, naxoble
nuMdaTiyeckme y3nbl

bnaropaproctu: (ratba nogrotoBneHa npu ¢puHaHcooii nopaepxke MunmnctepcTaa 06pasoBanms u Hayki PO B pamkax npoBefeHyA HayYHo-CCIe0BaTeNb-
ckux pabot no reme FNUN-2022-0035 «Pa3paboTka HOBbIX 11 yCOBEpLLEHCTBOBAHME CyLLECTBYIOLMX CPEACTB 1 METOAOB AMArHOCTUKI M NPOGUNAKTUKM COLMANbHO-
3HaUMMbIX MHOEKLMIA C LieNblo COXpaHeHUA SMN300TYeckoro 6narononyumsa u NonyyeHa KauecTBEHHON 1 6e30nacHoi MPOAYKLMN C yYeTOM reHeTUueckix 6a3
JaHHbIX 11 0cobeHHOCTeli Bo3OyAuTENel, HANPaBAEHWI 11 CeNeKLIAM XVBOTHOBOACTBA, TEXHONOTMI KOPMAEHNA, SKOHOMIYECKNX 1 reorpaduueckux yCnoBuii.
ABTOpbI BbipaxaloT 6narofapHoCTb npodeccopy, AOKTOPY Xumuyeckux Hayk U. B. Kynakoy 3a npegoctasnenue 6eTynoHOBOI KNCNOTbI, CUHTE3UPOBAHHON Ha
kadespe opraHnyeckoii  3konornyeckoil xummn MHctutyta xumun OTAQY BO «TiomeHCKMil rocyAapCTBeHHbIN YHUBEPCUTET.

[ina untuposauusa: Kowknn W. H., Bnacenko B. C., lenruc H. A. 13yueHne ummyHoTepaneBTHYeCKIX (BOACTB KOHblorata aHTureHoB bLIX ¢ 6etynoHoBoil
KUCIOTOI Ha MOPCKIX CBUHKAX, MHdULMpoBaHHbIx Mycobacterium scrofulaceum. Bemepunapus ce2o0n. 2024; 13 (2): 183—-188. https://doi.org/10.29326/2304-
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KoHdnukT unTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUI KOHGNKTA UHTEPECOB.
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INTRODUCTION

Out of more than 190 currently known species of Myco-
bacterium genus a significant number belongs to non-
tuberculous mycobacteria and over 60 species are patho-
genic to animals and humans [1, 2].

Non-tuberculous mycobacteria may be found ubiqui-
tously in the environment and they pose a serious problem
for in vivo and postmortem diagnosis of bovine tuberculo-
sis as they cause false positive response to administration
of tuberculin due to antigenic determinants in the aller-
gen, which are common to non-tuberculous and patho-
genic mycobacteria. In addition, visible and microscopic
changes induced by non-tuberculous mycobacteria are
in some cases difficult to distinguish from lesions caused
by Mycobacterium tuberculosis and Mycobacterium bo-
vis[2,3,4,5,6].

Owing to a drop in bovine tuberculosis transmission
and strong diagnostic measures taken to detect residual
infection in the territories where disease control programs
arein place, there has been an increase in mycobacterioses
caused by non-tuberculous mycobacteria [7, 8, 9, 10]. De-
spite the growing interest, little data has been published
so far on non-tuberculous mycobacterial infections, and
the available literature is mainly focused on the Mycobacte-
rium avium complex and its subspecies [11,12, 13, 14, 15].

To solve the problem of non-specific reactions induced
by non-tuberculous mycobacteria, specific immunopro-
phylactic or immunotherapeutic tools may be an extra
option to complement lifetime differential tests (simulta-
neous, palpebral tests, etc.). Several recent studies suggest
that cross-reactive response to non-tuberculous mycobac-
teria[16, 17,18, 19]is induced by BCG vaccination, as well
as by immunization with areactogenic conjugates based
on protective antigens, isolated from the BCG vaccine,
with polyions [20]. Conversely, some scientists claim that

previous contacts with non-tuberculous mycobacteria
may have an antagonistic effect, reducing vaccination ef-
fectiveness; however, this concern is only about live BCG
vaccine and did not affect protective properties of inacti-
vated subunit tuberculous vaccines [21, 22, 23, 24].

From our perspective, conjugates based on BCG anti-
gens with betulin and its derivatives (betulonic and betu-
linic acids) may look promising in this regard. In particu-
lar, molecular docking has shown that betulonic acid in
most cases exhibits the highest inhibitory activity against
protein targets that are structural parts of Mycobacterium
tuberculosis and/or Mycobacterium bovis [25].

In connection with the above, the purpose of this work
is to study the immunotherapeutic efficacy of an experi-
mental conjugate based on BCG antigens with betulo-
nic acid.

MATERIALS AND METHODS

The experiment was conducted in Agouti guinea pigs
in accordance with the European Convention for the Pro-
tection of Vertebrate Animals used for Experimental and
Other Scientific Purposes as of 18 March 1986, and was
approved by the local independent ethical committee
of the organization for the care and use of laborato-
ry animals. Experimental animals were grouped based
on common characteristics (weight - 400-500 g, age -
4-5 months).

From 14- to 21-day scotochromogenic mycobacteria
Mycobacterium scrofulaceum (Runyon Il: Scotochromo-
gens) was used to infect experimental animals. It was ad-
ministered subcutaneously into the left groin, at a dose
of 5 mg/mL. Mycobacterium cultures were administered
to 10 animals, further divided into 2 groups: group 1 - in-
fected with Mycobacterium scrofulaceum (n = 5); group 2 -
infected with Mycobacterium scrofulaceum and on day 14
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after the administration, they were treated with conjugate
of BCG antigen with betulonic acid (n = 5). The other five
intact guinea pigs were used as controls.

The experimental conjugate of BCG antigenic comple-
xes with betulonic acid was designed in accordance with
the author’s development. The preparation was adminis-
tered subcutaneously to animals at a dose of 500 pg/mL
of protein. Betulonic acid was synthesized at the Depart-
ment of Organic and Environmental Chemistry of the In-
stitute of Chemistry of the University of Tyumen and was
kindly provided for research by Professor, Dr. Sci. (Che-
mistry) I. V. Kulakov.

Mycobacterial antigen in blood samples was detected
using indirect immunofluorescence in accordance with
the methodological recommendations of N. N. Noviko-
va et al. [26]. Myeloperoxidase activity and number of
neutrophil cationic proteins were measured using ben-
zidine test and bromophenol blue test with phagocyte
distributed depending on the number of cytoplasmic
granules (1%, 2 and 3™ degrees), followed by calcula-
tion of average cytochemical coefficients (ACC) using
standard methods.

Before the start of the experiment and on day 21 post
infection, allergy tests were performed using intradermal
administration of purified tuberculin for mammals. Blood
was sampled for serological tests on day 21 and 42 after
administration of scotochromogenic mycobacteria; and
on days 14, 28 and 42 to assess functional status of neu-
trophils.

The laboratory animals were euthanized under ether
anesthesia followed by total exsanguination on day 45 af-
ter the beginning of the experiment. For histological tests
pieces of inguinal lymph nodes were taken (from region-
al lymph nodes, i.e. the closest ones to the site of myco-

Table 1
Level of neutrophil cationic proteins in animals at different moments post inoculation of Mycobacterium scrofulaceum, M + m

Group of animals
(ytochemical parameters

bacteria inoculation, as well as from the lymph nodes on
the opposite side). The sampled pieces were placed into
cassettes and submerge in 10% neutral buffered forma-
lin, and then the tissue was paraffin-embedded using
MICROM EC 350 (Thermo Fisher Scientific Inc.,, USA). Rotary
Microtome HM 340E (produced by Thermo Fisher Scientific
Inc., USA) was used to cut sample sections, ranging be-
tween 5 and 7 um. Histological tissue preparations were
stained with hematoxylin and eosin, and then examined
microscopically.

Standard methods of variational statistics were used,
such as calculation of arithmetic means (M) and calculation
of errors of arithmetic means (m), to process the obtained
data. Student’s t-test was used to assess significance of dif-
ferences (p) between the two mean values of Mx and My.
The differences in the results were considered statistically
significant at a significance level of p < 0.05.

RESULTS AND DISCUSSION

Inoculation of Mycobacterium scrofulaceum to guinea
pigs enhanced oxygen-independent mechanisms of neu-
trophils, as evidenced by a 1.60 and 1.74-fold increase
in phagocytes with a large number of cytoplasmic gra-
nules (3" degree) containing cationic proteins in group 1
and 2, respectively (p < 0.01), as compared to the control
group. Following these changes, average cytochemical co-
efficients also increased by a factor of 1.65 (Table 1).

Delayed-type hypersensitivity response to a tuberculin
test conducted on day 21 post infection of guinea pigs was
observed only in 60% of animals who had not received
experimental preparation (group 1). Nevertheless, myco-
bacterial antigen was detected in all animals of this group
using indirectimmunofluorescence. Mean induration size
in the reactors was 4.33 + 0.33 mm.

Experimental group 1 Experimental group 2

Day 14 after inoculation of Mycobacterium

1 degree, % 5.00 +0.58 11.33£333 10.00 +3.05
2" degree, % 9.66 = 1.67 16.66 + 2.40 10.00£1.15
34 degree, % 33.00+1.15 52.66 £ 5.78% 57.33 £4.37%
Average cytochemical coefficient, conditional units 1.23£0.02 2.03£0.11%* 2.02£0.12**

Day 28 after inoculation of Mycobacterium (day 14 after administration of the preparation)

1 degree, % 333+0.67 8334285 3.66 +0.88

2" degree, % 14.00 £ 0.58 12.66 +2.40 9.66 + 0.33**
34 degree, % 29.33+2.18 4533 +£1.33** 57.00 + 4.04**
Average cytochemical coefficient, conditional units 1.19£0.06 1.70 £0.05** 1.94 £0.11%*

Day 42 after inoculation of Mycobacterium (day 28 after administration of the preparation)

1% degree, % 533+233 5.00£0.58 266+1.76
2" degree, % 11.00 +0.58 11.66 +0.88 7.00£1.73
31 degree, % 30.00 £ 4.58 3333£273 71.66 £ 2.03***
Average cytochemical coefficient, conditional units 1.17£0.12 1.28 +0.08 2.31£0.08**

*p < 0.05; **p < 0.01; **¥*p < 0.001.
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Enzyme activity of neutrophil myeloperoxidase in animals at different moments post inoculation of Mycobacterium scrofulaceum, M = m

(ytochemical parameters

Control

Group of animals

Experimental group 1 Experimental group 2

Day 14 after inoculation of Mycobacterium

1 degree, % 9.33+0.67 9.66 +0.88 10.33+£3.18
2" degree, % 1233+£1.85 18.66 £ 1.67 19.33+£233
34 degree, % 2133+3.53 42.66 +1.33** 43.00+3.21*
Average cytochemical coefficient, conditional units 0.98 +0.08 1.75 £0.06** 1.78 £0.02%*
Day 28 after inoculation of Mycobacterium (day 14 after administration of the preparation)
1 degree, % 5.66 +0.67 15.00£1.53 10.00 £ 0.58**
2" degree, % 7.33+2.60 14.66 +2.33 13.00+2.08
34 degree, % 23.33+0.88 36.00 + 5.68 44.66 + 4.98*
Average cytochemical coefficient, conditional units 0.90 +0.06 1.52+0.13* 1.70 £0.18*
Day 42 after inoculation of Mycobacterium (day 28 after administration of the preparation)
1" degree, % 7.66 +1.33 7.33+033 5.66 +1.85
2" degree, % 8.66 +2.33 13.66 £3.18 12.66 +1.45
34 degree, % 26.00 +1.00 23.33+2.03 59.33 +0.88%**
Average cytochemical coefficient, conditional units 1.03+0.03 1.05+0.04 2.09 £0.07%**

*p < 0.05; **p < 0.01; ***p < 0,001,

with a large germinal center.
Regional lymph node of
aguinea pig (group 1). Staining
with hematoxylin and eosin,
magnification 50x

186

Fig. 2. Reduction of cortical substance
volume and size of lymphatic follicles
without germinal centres. Regional
lymph node of a guinea pig (group 2).
Staining with hematoxylin and eosin,
magnification 50x

On day 28 following sensitization of guinea pigs with
non-tuberculous mycobacteria type Il (according to
the Runyon classification) the same trend persisted, i.e.
asignificant increase in concentration of neutrophil cationic
proteins in the experimental groups compared to the con-
trol group. The activity of neutrophil antimicrobial peptides
was higher in the group that had been treated with the ex-
perimental preparation on day 14 after inoculation of scoto-
chromogenic mycobacteria (group 2), and was at the same
level that had been observed in the test two weeks before.
In contrast, the metabolic processes in group 1 were less
intensive compared to the previous testing.

After another 14 days, concentration of cationic pro-
teins in guinea pigs of group 1 dropped to the control

levels. Thus, the average cytochemical coefficient with-
in the group was 1.28 + 0.08 c. u., and 1.17 £ 0.12 c. u.
in the control. In contrast, neutrophil oxygen-dependent
metabolism in the animals immunized with the experi-
mental conjugate was more active due to an increase in
the number of highly active phagocytes by 2.39 times
(p < 0.001), thus, leading to a 1.97-fold increase in
the average cytochemical coefficient (p < 0.01).

The administration of Mycobacterium scrofulaceum
to guinea pigs also stimulated neutrophil oxygen-depen-
dent metabolism (Table 2). Thus, the level of the average
cytochemical coefficient of myeloperoxidase increased
with a high degree of confidence (p < 0.01) by 1.79 and
1.82 times in both experimental groups, respectively, due
to a 2-fold increase in the number of highly active phago-
cytes as compared to the control group.

Later, significantly increased myeloperoxidase en-
zyme activity was observed in guinea pigs of experimen-
tal group 2.Thus, the average cytochemical coefficients
in the group after administration of the preparation
were:

- on day 14, 1.70 + 0.18 c. u. versus 0.90 + 0.06 c. u.
(p < 0.05) in the control;

- on day 28, 2.09 + 0.01 c. u. versus 1.03 £+ 0.03 c. u.
(p < 0.001) in the control.

In contrast, as the time after inoculation with myco-
bacteria passed by, experimental group 1 demonstrated
a decrease in the oxygen-dependent metabolism of neu-
trophils to the level of the control group (by day 42 from
the beginning of the experiment).

Indirect immunofluorescence of blood samples tested
on day 42 after inoculation of Mycobacterium scrofulaceum,
demonstrated mycobacterial antigen only in 2 guinea pigs
from experimental group 1.
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Thus, administration of the immunobiological product
enhances functional activity of aerobic and anaerobic
neutrophil bactericidal systems resulting in accelerated
elimination of non-tuberculous mycobacteria from the ex-
perimental animals.

Histopathological tests conducted on day 45 from
the start of the experiment also demonstrate reduced anti-
gen load on the guinea pigs treated with the experimental
conjugate. Thus, an increase in the number of lymphatic
follicles with a large proliferation center was observed in
the regional inguinal lymph nodes of the animals from
experimental group 1 (Fig. 1), where macrophage hyper-
plasia was recorded. Macrophage proliferation was also
found in the cortex. The medullary cords housed mainly
lymphocytes and an insignificant number of plasmocytes.

In contrast, inguinal lymph node cortex in experimen-
tal group 2 was significantly thinner. The lymphoid follicles
were also smaller; moreover, they lacked proliferation cen-
ters (Fig. 2), even if they had such centers, there were only
dendritic reticulocytes in them.

As for the inguinal lymph nodes adjacent to the site
of Mycobacterium scrofulaceum inoculation, significantly
fewer lymph follicles were observed there compared with
the regional lymph nodes in the same group. Fewer proli-
feration centres were observed in them, and fewer macro-
phages were found in the proliferation centres and stro-
ma. The animals treated with the preparation (group 2)
had even fewer lymph follicles in the cortex of the lymph
nodes located opposite to the regional ones.

CONCLUSION

The performed experiments demonstrate that sensi-
tization of guinea pigs with Mycobacterium scrofulaceum
induces hyper-reactivity of neutrophil intracellular bacte-
ricidal components lasting up to 28 days. Further on, there
is a drop in their activity to the level recorded in animals
of the control group. Administration of the experimental
preparation accelerates withdrawal of mycobacteria from
the guinea pigs (on day 7 post administration) owing
to stimulation of phagocytes, which is confirmed by im-
munofluorescence and histological tests.
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