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Immune responses of bovine leukemia virus-
infected guinea pigs to betulinic acid amide administration
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Omsk Agrarian Scientific Center, prospekt Koroleva, 26, Omsk 644012, Russia

ABSTRACT

Introduction. Betulinic acid is a naturally occurring compound with significant potential for the development of anti-leukemia therapeutics. It demonstrates
antiviral activity alongside a marked immunomodulatory effect, properties that can be potentiated through the introduction of a novel pharmacophore group
into its molecular framework.

Objective. The study was aimed at evaluating the therapeutic antiviral activity of betulinic acid amide, as well as the immune response of bovine leukemia virus
(BLV)-infected guinea pigs to its administration.

Materials and methods. Fifteen Agouti guinea pigs, 4-5 months of age, were used for the study. Ten animals received a single intraperitoneal inoculation
of lymphocyte suspension from leukemic cows; the remaining five animals served as intact controls. On day 21 after infection, five of the infected animals were
subcutaneously injected with betulinic acid amide at a dose of 40 pg/kg (group 1), whereas the other five infected animals were left untreated (group 2). Blood
samples were collected prior to the treatment, and then at 14 and 28 days after treatment to assess cellular and humoral immune responses and for molecular
biological studies.

Results. The study showed that the immune response of the guinea pigs to inoculation with the virus-containing suspension was characterized by a significant
increase in lymphoid cell counts by day 49 of the experiment. This increase was caused by a 1.85-fold boost in B-lymphocyte and a 2.7-fold boost in cytotoxic
T-lymphocyte proliferation. Administration of betulinic acid amide on day 21 post-infection resulted in suppression of B-cell and cytotoxic T-lymphocyte proliferation,
2.1-fold increase in myeloperoxidase and cationic protein activity in neutrophils, and stimulation of antibody production. However, the experimental drug failed to
confer protection against the infection: specific fluorescence was detected with direct immunofluorescence assay and proviral DNA was detected in blood samples
from 100 and 60% of the animals, respectively.

Conclusion. Administration of the betulinic acid derivative prevents immune dysregulation in BLV-infected guinea pigs as evidenced by normalized lymphoid
cell counts and enhanced neutrophil functional and metabolic activity. These findings indicate that betulinic acid amide is a promising veterinary candidate for
preventing the development of clinical and hematological leukosis in infected animals.
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AMMYHHbIE peaKLumn y MOPCKUX CBUHOK,
MHOULIMPOBAHHbIX BUPYCOM NEilK03a KPYMHOTo poraToro
(KOTa, Ha BBe/IeHNe amuaa 6eTYNNHOBOI KUCNOTI

H. H. HoBukoBa, K. A. bapmuna, B. C. BnaceHko, E. A. BuuHeBckuii
OTBHY «Omcknit arpapHbiii HayuHblit LeHTp» (OTBHY «Omckuii AHLL»), npocnekT Koponéa, 26, r. Omck, 644012, Poccusa

PE3IOME

BBepeHue. [lepcnekTUBHbIM NPUPOAHDIM XMMUYECKUM COEANHEHEM ANA pa3paboTKN NPOTUBONEIKO3HBIX NPpenaparos ABNAETCA OeTyNNHOBaA KMCNOTa,
06M3afjatoLLadA NPOTUBOBUPYCHON aKTUBHOCTBIO B COYETAHUM C BLIPAXKEHHBIM MMYHOMOZYAUPYHOLLMM SGHEKTOM, KOTopble MOXKHO YCUNUTL NyTeM BBEAEHUA
B ee CTPYKTYpY HOBOI dapmakohopHoii rpynnbl.

Lienb uccnepgoBanma. OueHka TepaneBTYeCKoil IPOTUBOBUPYCHOI aKTMBHOCTY 1 3(GEKTUBHOCTU UMMYHHBIX peakLmil Ha BBeAeHe amuaa 6eTynHoBoI
KMCNOTbI MOPCKUM CBUHKaM, UHOULMPOBAHHbIM BUPYCOM 1eiik03a KpYNHOT0 poraToro cKota.

Matepuanbl n metoabl. llccnegoBanve npoBenn Ha 15 MOPCKUX CBUHKAX IMHMI aryTh 4—5-MeCAYHOr0 BO3PacTa, U3 KOTOPbIX 5 MHTAKTHBIX CTyXuin
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B KauecTBe KOHTPOAIA, a ocTanbHble 10 0cobeil ObInM MHOULMPOBAHBI B3BECHID TMMQOLIMTOB, BbIAENEHHBIX U3 KPOBU OONbHBIX NE/ik030M KOPOB, myTem
OfJHOKPATHOr0 BHYTPUOPILUIMHHOTO BBEAEHIA. 3aTeM Ha 21-e cyT NOCe MHOKYNALMM NATOreHa 5 XUBOTHBIM NOJKOXKHO MHBELMPOBANI amuz OeTyNNHOBOIA
Kucnotbl B fo3e 40 mkr/kr (1-a rpynna), pyrum 5 0cobam npenapat He BBoguan (2-a rpynna). [lo BBeeHus, a Takxe Ha 14-e 1 28-e cyT nocne MHbeLMpoBaHMA
3KCMepUMEHTaNbHOTO NpenapaTa Npou3BOAUNM 0T60p NP6 KPOBY ANA OLEHKM KIIETOUHBIX 1 TYMOPAsbHbIX PeaKLuii UMMYHUTETa, @ TaKXe MONeKyNAPHO-
6uonoruyeckoro uccneoBaHuA.

Pe3ynbTartbl. YTaHOBNEHO, UTO MMMYHHBIIA OTBET Ha MIHOKYNALI MOPCKVIM CBUHKaM BUPYCCOTIEPKALLIEN CyCreH3IM CONpOBOMAANCA J0CTOBEPHbIM YBENUUEHIEM K 49-M
CyT 0T HaYana KCnepUMeHTa Yncna IMMQOUAHDIX KNETOK, NPOMCXOAALLMM 3a cueT nponndepauyi B-numdouutos B 1,85 pasa 1 UnToToKcueckix T-IuMQoLmToB B 2,7 pasa.
BeezeHve Ha 21-e cyT nocie MHGULMPOBAHNA aMUAA BETYNMHOBOI KNCTOTbI MHAYLMPOBANO NOAABIIEHNE KNETOYHOTO Pa3MHOMXeHA B-KNeToK 1 LTOTOKCYecKuX
T-nuMGOLUTOB, YCUNMBANO aKTUBHOCTb BHYTPUKMETOUHBIX KOMMOHEHTOB HEITPOGUNOB MUENONepOKCUAA3bl ¥ KaTUOHHBIX 6ENKOB B 2,1 pa3a, a Takxe CTUMYNIPOBANO
BbIpaboTKy aHTUTEN. OfHAKO IKCMIEPUMEHTabHBII penapar He NpeoTBPaLLaN 3apaXeHIs KUBOTHBIX, Ha UTO YKa3blBano HaMuMe CrieLMGUUECKOro cBeueHuA B IpAMOi
peaKL1 UMMyHOGAYOPeCLIeHLMM,  TaKxXe Hanuume npoupycHoil IHK B npobax kpoBu cootBeTcTBeHHO Y 100 1 60% 0cobeil.

3akniouenue. lpumeHeH1e NPOU3BOLHOTO GeTYNMHOBOI KUCTIOTbI CAEPXKUBAET Pa3BUTUE HApYLUeHNil 6anaHca B UMMYHHOI CMCTeMe Y MOPCKIAX CBUHOK,
NHOULMPOBAHHBIX BUPYCOM eliK03a KPyMHOTO POratoro CKoTa, ONTUMM3UPYA YMCTIEHHOCTb NMMAQOUAHBIX KNETOK 1 YCMAMBas GYHKLMOHaNbHO-MeTabonuueckyio
aKTUBHOCTb HeitTpounoB. MonyyeHHble pe3ynbratbl N03BOAAKT NPEANONOKUTL BO3MOXHOE UCMOb30BaHMe amMua bETYNMHOBOI KICIOTbI B BETePUHAPUN
C LieTbio NPOGUNAKTUKI Pa3BUTUA KIIMHUYECKOI 1 reMaTonornyeckoii hopmbl Neilko3HON HEKLIMM Y KUBOTHBIX.

KntoueBbie cnoBa: MopcKie CBUHKHN, BUPYC neiko3a KPYMHOro poratoro Ckota, amuna 6€Ty11VIHOBOI7I KNCNOTbI, NPOTUBOBUPYCHAA aKTUBHOCTb, VIMMyHHbIVI (Tatyc

bnarogaproctu: iccnefoBaHue BbinonHeHo npu GuHaHcoBoii noaaepxke Muxuctepcrea o6pasoBaHna u Hayku PO B pamkax npoBefeHnA HayuHo-
nccneposatenbckux pabot no reme FNUN-2025-0007 «Pa3pabotath 3 hekTiBHYHO cucTeMy 0becneyeHrs NposoBobCTBEHHOI 1 Gruonornyeckoil 6eonacHocTy Ha
0CHOBE C03/3aHNA HOBbIX G1oNOrMYeCKIX NpenapaTos AnA AUArHOCTUKIA N NPoGUAAKTUKIA COLMANbHO 3HAUMMBbIX 60Ne3Helt XKUBOTHBIX, ONTUMM3ALMN TEXHONOT YA
KOPMOMPON3BOACTBA U aHANN3a CENEKLMM NNIEMEHHOTO Jenia». ABTOpbI BbIpaXaloT 6n1arofapHoCTb npodeccopy, AOKTOpy Xumuueckux Hayk U. B. Kynakosy 3a
npeAocTaBneHne aMUAHOro NPON3BOAHOT0 6eTyINHOBOI KUCIOTbI, CUHTE3MPOBAHHOIO Ha Kaeape opraHnueckoii 1 akonoruyeckoii xumun OTAQY BO «TiomeHckuil
rOCyAapCTBEHHbIIi yHUBEPCUTET».

[ina untuposanusa: Hosukosa H. H., bapmuna K. A., Bnacenko B. C., Buwxesckuii E. A. UMMyHHble peakwnm y MOPCKUX CBIHOK, MHOULMPOBAHHbIX BUPYCOM
neiiko3a KpynHOro poratoro CKoTa, Ha BBeieHe amuza 6eTynuHoBoi KucnoTbl. BemepuHapus ce2odns. 2026; 15 (2): 201-208. https://doi.org/10.29326/2304-
196X-2026-15-2-201-208

KoHdnukT nHTepecoB: ABTOpbI 3aABAAKT 06 OTCYTCTBUM KOHGNUKTA UHTEPECOB.

[ins koppecnoxgeHumn: Bnacenko Bacunuii CepreeBuy, a-p 61on. Hayk, npodeccop, rmasHbIii HayuHblii COTPYLHUK NabopaTopuu 3NM300ToN0rMI U Mep 6opbobl
C Tybepkynesom Bcepoccuiickoro HayuHO-McCneA0BaTeNbCKOTO MHCTUTYTa OpyLennesa u Ty6epkynesa xuBoTHblx, OTBHY «Omckuit AHLL», yn. llepmonToBa, 93,

r. Omck, 644001, Poccus, vvs-76@list.ru

INTRODUCTION

Bovine leukemia virus (BLV) is an oncogenic retrovirus
that exhibits tropism for B-lymphocytes. The resulting
chronic infection manifests in one of three clinical
outcomes: an asymptomatic carrier state, which
occurs in the vast majority of animals; persistent
lymphocytosis, observed in approximately one third
of infected animals; or, in rare cases, the development
of lymphoid tumours [1, 2, 3].

Even in the most common subclinical disease
form, where the pathogen is detectable based only
on antibody and/or proviral DNA presence, distinct
immune system imbalance is observed. This results in
substantial economic losses in animal production due
to reduced host resistance and increased susceptibility
to opportunistic infections. As a result, the risk of udder
infections increases, particularly during the critical
period of a cow’s life [4, 5], while rumen and large
intestine microbiota [6] undergo significant changes.
At the same time, the effectiveness of antibacterial and
anti-parasitic treatments - including those for chronic
diseases — as well as vaccines against other animal
diseases is reduced [7, 8].

Despite the widespread occurrence of leukemia
infection and the substantial economic losses it causes,
there are currently no effective vaccines or treatment
methods capable of eliminating the virus [9, 10, 11].
Nevertheless, some researchers are actively
investigating natural chemical compounds that may
confer effective resistance to BLV infection [12, 13, 14].

The data obtained by them convincingly show that
certain metabolites have the potential to serve as
the basis for developing new anti-leukemic drugs.

During long-term studies aimed at discovering
new natural products with high antiretroviral
activity, betulinic acid and its precursor, betulin, were
identified. Due to their unique chemical structures,
these compounds are promising natural metabolites
and their synthetic transformation and modification
can enhance biological activity and help to overcome
microbial resistance [15]. It has been shown that,
depending on its chemical structure, betulinic acid can
act either as an inhibitor of human immunodeficiency
virus type 1 (HIV-1) entry or as an inhibitor of HIV-1
protease or reverse transcriptase [16, 17].

Structural modifications of betulin and betulinic
acid have yielded antiviral compounds with improved
pharmacological properties. In particular, betulinic
acid ionic salts conjugated with glycine slowed down
cellular metabolism and reduced the production of
oncogenic murine leukemia virus in mouse embryonic
fibroblast cells [18]. Furthermore, several compounds
based on betulinic acid and its synthetic derivative,
bevirimat, has been successfully synthesized. These
compounds represent a promising class of agents for
the development of next-generation HIV-1 maturation
inhibitors [19, 20, 21].

Our recent study [22] showed that a new
amide derivative of betulinic acid incorporating
a pharmacophoric 1-(1-adamantyl)ethylamine group
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demonstrated a pronounced inhibitory effect against BLV
in vitro. Its antiviral activity was subsequently confirmed
in guinea pigs experimentally infected with BLV.

The study was aimed at evaluating the therapeutic
antiviral activity of betulinic acid amide, as well as
the immune response of guinea pigs experimentally
infected with BLV to its administration.

MATERIALS AND METHODS

Agouti guinea pigs (4-5 months of age, body
weight 400-500 g) were used for the experiments in
accordance with the requirements of the European
Convention for the Protection of Vertebrate Animals
used for Experimental and other Scientific Purposes,
and the experiments were approved by the local
independent Ethics Committee of the Omsk Agrarian
Scientific Centre.

Fifteen clinically healthy guinea pigs were selected.
The guinea pigs were confirmed free from BLV antigen
in their blood with directimmunofluorescence reaction
(DIF), and free from proviral DNA with polymerase chain
reaction (PCR). The animals were divided into 3 groups,
5 animals per group. The first group (n = 5) contained
intact animals (control group). The remaining guinea
pigs (n = 10) were inoculated once intraperitoneally
with 1T mL of lymphocyte suspension from the cow with
haematological leukosis manifestations (lymphocyte
concentration in 1 mL of suspension was 10.0 x 10, the
DIF virus titre — 1:2048).

When the animals were tested positive with DIF
and PCR on day 21 of the experiment, 5 animals
(group 1) were subcutaneously injected with betulinic
acid amide at a dose of 40 ug/kg, the other 5 animals
(group 2) remained non-injected and were used as
positive controls.

The amide derivative of betulinic acid was generated
by I.V. Kulakov, Professor, Doctor of Science (Chemistry),
at the Department of Organic and Environmental
Chemistry of the University of Tyumen [22].

Blood samples were taken from the retroorbital
venous plexus before the experimental drug injection
as well as on day 14 and 28 after the experimental
drug injection to assess cellular and humoral immune
responses, as well as for PCR testing.

Leukocyte counts, differentials, and lymphocyte
subsets (T-lymphocytes, B-lymphocytes, cytotoxic
T-lymphocytes) were evaluated with spontaneous,
complement-dependent, and indirectimmunoglobulin
rosette formation tests. Neutrophil activity, both
spontaneous and stimulated, was measured with
nitroblue tetrazolium (NBT) assay using photometer.
The functional reserve was subsequently calculated
as the ratio of stimulated tetrazolium activity
to spontaneous tetrazolium activity [23].

Myeloperoxidase enzymatic activity and
neutrophil cationic protein content were determined
cytochemically using the Graham - Knoll method
with benzidine [24] and the M. G. Shubich method
with bromophenol blue, respectively [25]. Smears
were examined microscopically, and the percentage
of positively reacted cells was calculated. The average
cytochemical coefficient (ACC) was then determined
using standard methods.

Antibodies in guinea pig sera were detected with
indirect immunofluorescence reaction (lIF). Sera

Table 1

Immunological parameters in guinea pigs before the experimental drug
administration (day 21 after infection with BLV), M+ m

Parameter, measuring units

Control
(n=5)

White blood cells, thousands of cells/uL | 9.72+0.70 12741094 | 12.94%1.07
Lymphocytes, thousands of cells/uL 534+037 7.28+0.51 7.99+0.61
T-lymphocytes, thousands of cells/uL 0.81+0.12 0.82+0.07 0.81+0.09
B-lymphocytes, thousands of cells/uL 1.14£0.17 1.87£0.25 1.74£0.17
Ortotoxic F-ymphocytes, thousands 059006 | 1.62+030' | 201004
of cells/uL

ACCCP QU 1.11£0.03 2.01+0.18 2.02+0.08'
ACCMPO, CU 0.97+0.09 216 +0.16' 1.89£0.08'
Spontaneous NBT test, 0D 0.46 +0.03 0.44 +0.02 0.40 +0.04
Stimulated NBT test, 0D 0.43+0.02 0.45+0.02 0.42+0.03
Functional neutrophil reserve 0.94£0.02 1.03 +0.06 1.11+0.13
IIF antibody titre, log, not detected 8.60+0.40 8.80+0.37
PCR reactors, % not detected 100.0 100.0

! statistically significant difference (p, < 0.05) confirmed by Tukey’s test as compared to the

control group;

ACCCP — average cytochemical coefficient of cationic proteins; ACC MPO — average cytochemical

coefficient of myeloperoxidase; 0D — optical density; CU — conventional units.
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Table 2 were titrated in 96-well immunological plates (from
Immunological parameters in guinea pigs on day 14 after the experimental drug a dilution of 1:2 to 1:4096) using reagents of the kit
administration (day 35 after infection with BLV), M+ m for leukemia diagnosis with immunodiffusion assay
(BLV antigen, positive bovine serum at a titre of 1:2,
negative bovine serum) manufactured by the Kursk
Biofactory — BIOK Company (Russia) and luminescent
Parameter, measuring units (n=5) rabbit anti-guinea pig Ig serum (Federal Research
Centre for Epidemiology and Microbiology named
after the honorary academician N. F. Gamaleya, Russia).
Antibody titres were converted to log, values to
calculate the geometric mean titre.

White blood cells, thousands of cells/mL | 10.00+0.35 | 10.40+1.58 | 12.54+1.00 Bovine leukemia virus antigen was detected by DIF.
Lymphocytes were isolated from guinea pig blood by
density gradient centrifugation (1.077 g/mL) using
a radiopaque contrast medium (Trazograph). Smears
Lymphocytes, thousands of cells/mL 5.52+0.41 410+£074 | 7.57+0.76 prepared from the isolated lymphocytes were then
stained with in-house designed diagnostic fluorescent
anti-BLV immunoglobulins [26]. Direct and indirect
assay results were scored using four-cross system using
T-lymphocytes, thousands of cells/mL 0.88+0.12 | 075%£009 | 0.73+0.29 under Axiostar plus microscope (Carl Zeiss, Germany).
Specific fluorescence of the antigen —antibody complex
scored as 3-4 crosses was considered a positive result.

Provirus was detected in guinea pig blood samples
B-lymphocytes, thousands of cells/mL 1.11£0.14 0.46+0.09 | 1.90+0.292 with real-time PCR using DNA-sorb-B reagent kit and
FRT50 F LEUKOSIS variant kit (Central Research Institute
for Epidemiology, Russia) for DNA isolation.

Numerical data were processed using one-way
(ytotoxic T-lymphocytes, analysis of variance (ANOVA), with the significance
tt):ousands o)f’ceﬁls/mylf 0.80+0.11 053£012 | 200042 of differences between groups assessed using Fisher’s
F-test, followed by post-hoc analysis using Tukey’s test
for multiple comparisons. Student’s t-test was used
to evaluate the reliability of differences between the

Control

ACCCP (U 1.21+0.10 2.30+0.09' 1.29 +0.052 geometric mean antibody titres. The differences were
considered significant at p < 0.05.
RESULTS AND DISCUSSION
ACCMPO, CU 113+£008 | 1.92+0413" | 1.24+0.09 One-way ANOVA performed on day 21 after

intraperitoneal inoculation with the virus-containing
suspension showed significant heterogeneity among
the three guinea pig groups in mean lymphocyte
Spontaneous NBT test, 0D 0.51+0.009 | 049+0.02 | 0.47+0.03 counts (F = 6.3; p < 0.01), cytotoxic T-lymphocyte counts
(F=13.9; p < 0.001), ACCs for cationic proteins (F = 16.0;
p < 0.001), and ACCs for myeloperoxidase (F = 23.4;
p < 0.001).
Stimulated NBT test, 0D 0.50+0.02 0.55+0.09 0.41+0.04 By day 21 of the experiment, immunological changes
were accompanied by a 1.3-fold increase in white blood
cell counts in groups 1 and 2 compared to the control
group (Table 1). The increase in white blood cells was
Functional neutrophil reserve 0.97 £0.03 1.11£0.13 0.87 £0.07 caused by 1.4- and 1.5-boost in lymphocytes (p; < 0.05)
in groups of guinea pigs inoculated with the pathogen
compared to intact animals.

Cytotoxic T-lymphocyte subpopulation exhibited
IIF antibody titre, log, notdetected | 9.60+024 | 7.80+0.37* the most significant transformation in both test groups
(group 1 and group 2), its level in blood of the animals
were 2.7-fold (p,<0.01) and 3.4-fold (p,<0.001) higher,
respectively than that one in the control group.
PCR reactors, % not detected 40.0 100.0 B-lymphocytes also demonstrated 1.50-1.65-fold
increase, but these changes did not reach statistical
significance by Tukey’s test, while absolute T-cell counts
' statistically significant difference (p, < 0.05) confirmed by Tukey’s test as compared to the control - remained unchanged.
group; Bovine leukemia virus infection of the guinea pigs
Zstatistically significant difference (p, < 0.05) confirmed by Tukey's test as compared to group 1; also enhanced neutrophil intracellular bactericidal
* statistically significant difference (p < 0.01) confirmed by Student’s test as compared togroup 1, components, as indicated by increased ACC of cationic
ACC CP — average cytochemical coefficient of cationic proteins; ACC MPO — average cytochemical ~ proteins and ACC of myeloperoxidase. These parameters
coefficient of myeloperoxidase; D — optical density; CU — conventional units. demonstrated 1.8-fold (p; < 0.01) and 2.2-fold (p; < 0.001)
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increasein group 1,and 1.8-fold (p; < 0.001) and 1.95-fold
(p; < 0.001) increase in group 2, respectively, compared
to control group.

Neutrophil functional status parameters assessed by
the NBT-test showed no significant changes, although
a tendency toward increased neutrophil functional
reserve was observed in BLV-infected guinea pigs.

It should be noted that geometric mean antibody
titres were approximately similar in sera from animals
of groups 1 and 2 tested by IIF and all animals without
exception were tested positive by both PCR and DIF.

One-way ANOVA of immunological parameters on
day 35 of the experiment revealed statistically significant
differences between the groups in lymphocyte counts
(F = 6.9; p < 0.05), B-lymphocyte counts (F = 11.35;
p < 0.01), cytotoxic T-lymphocyte counts (F = 7.3;
p < 0.05), ACCs of cationic proteins (F = 55.6; p < 0.001)
and ACCs of myeloperoxidase (F = 17.6; p < 0.001).

Guinea pigs that had received the experimental
drug (group 1) showed a slight increase in leukocyte
counts compared to intact animals (Table 2), whereas
BLV-infected animals (group 2) showed a more
pronounced increase (1.25-fold increase) in leukocyte
counts compared to intact animals. The boost in white
blood cell counts in group 2 was due to lymphocytes,
the lymphocyte counts in animals of group 2 were
1.4 times higher than that ones in control animals, as
well as 1.85 times (p, < 0.05) higher than that ones in
guinea pigs, which had been treated with the betulin
acid derivative after infection. Moreover, animals
of group 1 exhibited a 1.3-fold decrease in lymphocyte
counts compared to controls, though this difference was
not statistically significant.

T-cell counts tended to decrease slightly in both
test groups. More pronounced changes were seen in
B-lymphocyte and cytotoxic T-lymphocyte counts. In BLV-
infected guinea pigs of group 2 B-cell counts boosted 1.7-
fold and 4.1-fold (p, < 0.01), respectively, and cytotoxic
T-lymphocyte counts demonstrated 2.5-fold (p; < 0.05)
and 3.8-fold (p, < 0.05) increase, respectively, compared
to intact animals and to betulinic acid derivative-treated
animals (group 1). Whereas, B-cell counts and cytotoxic
T-lymphocyte counts in animals of group 1 showed non-
significant 2.4-fold and 1.5-fold decrease, respectively, as
compared to control group.

Administration of the betulinic acid derivative to
the animals on day 35 after their infection induced
a significant increase in intracellular metabolism
of neutrophils.Thus, guinea pigs of group 1 demonstrated
1.8-fold boost (p, < 0.001) and 1.9-fold boost (p, < 0.001)
in cationic proteins and 1.55-fold boost (p, < 0.01) and
1.7-fold boost (p, < 0.001) in myeloperoxidase enzymatic
activity as compared to the guinea pigs infected with
BLV (group 2) and guinea pigs of the control group,
respectively.

Parameters of phagocyte functional status, assessed
based on spontaneous and stimulated tetrazolium
activity, did not undergo significant changes. It should
be noted that the functional reserve was higher in
animals injected with the experimental drug and lower
in infected animals.

Guinea pigs treated with the experimental drug
(group 1) demonstrated a 1.2-fold increase in antibody
titre (p < 0.01) as compared to animals of group 2, which
did not receive the betulinic acid derivative. DIF revealed

Table 3
Immunological parameters in guinea pigs on day 28 after the experimental drug
administration (day 49 after infection with BLV), M+ m

Control
(n=5)

Parameter, measuring units

White blood cells, thousands of cells/mL | 10.20+0.34 | 11.77+£1.52 13.22+£09

Lymphocytes, thousands of cells/mL 5744030 599+0.77 | 8.20+0.46"2

T-lymphocytes, thousands of cells/mL 0.86£0.13 1.29+£0.27 1.03£0.23

B-lymphocytes, thousands of cells/mL 1.05£0.05 0.81+0.14 | 1.94+0.23"?

(ytotoxic T-lymphocytes,

1,2
thousands of cells/mL 0.87+£0.13 100021 | 234011

ACCCP CU 1.14£0.07 238017 1.29£0.08
ACCMPO, CU 1.04 £0.06 2.19+0.20° 1.23 +£0.09*
Spontaneous NBT test, 0D 0.50+0.03 0.48 +0.05 0.41£0.01

Stimulated NBT test, OD 0.48 +0.02 0.44+0.01 0.41+0.02

Functional neutrophil reserve 0.97 +£0.04 0.95+0.10 0.99 +0.04
IIF antibody titre, log, not detected 8.80+0.37 7.40 +0.24%
PCR reactors, % not detected 60.0 100.0

' statistically significant difference (p, < 0.05) confirmed by Tukey’s test as compared to the control
group;

? statistically significant difference (p, < 0.05) confirmed by Tukey’s test as compared to group 1;

* statistically significant difference (p < 0.01) confirmed by Student’s test as compared to group 1;
ACC CP — average cytochemical coefficient of cationic proteins; ACC MPO — average cytochemical
coefficient of myeloperoxidase; OD — optical density; CU — conventional units.
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specific fluorescence (scored as 3-4 crosses) in 80%
of animals in group 1 and 100% of animals in group 2,
while proviral DNA was detected in 40 and 100%
of animals, respectively. Guinea pigs of control group
were tested with both DIF and PCR with negative results.

One-way analysis of variance of immunological
parameters in guinea pigs on day 49 of the experiment,
similar to that on day 35, showed significant
heterogeneity between groups in mean lymphocyte
counts (F =6.85; p < 0.05), B-lymphocyte counts (F=12.3;
p < 0.01), cytotoxic T-lymphocyte counts (F = 30.4;
p < 0.001), ACCs of cationic proteins (F = 32.9; p < 0.001)
and ACCs of myeloperoxidase (F = 23.8; p < 0.001).

Leukocyte counts exhibited 1.15-fold increase in
group 1 and 1.3-fold increase in group 2 compared to
that one in control animals. However, in BLV-infected
guinea pigs (group 2), unlike the experimental drug-
treated animals, this increase was accompanied by a rise
in lymphocyte counts (Table 3). Lymphoid cell counts
were 1.4-fold higher than that ones in control animals
(p; < 0.05) and 1.4-fold higher than that ones in animals
of group 1 (p, < 0.05).

T-lymphocyte counts tended to increase in both test
groups, but the increase was more apparent in guinea
pigs that received the experimental drug injection
(group 1) where T-cell levels were 1.5-fold higher than
that ones in control animals.

In BLV-infected animals (group 2), an increase
in B-lymphocyte and cytotoxic T-lymphocyte counts
was observed on day 49, similar to that on day 35. Thus,
their counts exhibited 1.85-fold (p, < 0.05) and 2.7-fold
(p, < 0.001) increase, respectively, compared to that
ones in intact animals and 2.4-fold (p, < 0.01) and 2.3-
fold (p, < 0.001) increase, respectively, compared to that
ones in the guinea pigs treated with the betulinic acid
derivative (group 1). It should be noted that the average
statistical parameters in group 1 were consistent with
those in the control group, despite a slight tendency
toward a 1.3-fold decrease in B-cell countand a 1.15-fold
increase in effector cell count.

Neutrophil intracellular bactericidal component
activity was higher in group 1 animals, similar to that
observed on day 14 after the experimental drug
administration. In particular, ACC of cationic proteins
and ACC of myeloperoxidase were 2.1 times higher than
those in the control group (p, < 0.001), and 1.8 times
higher than those in group 2 (p,, < 0.001). In contrast,
following an initial peak in neutrophil metabolic function
early after infection, BLV-infected animals exhibited
adeclinein antimicrobial activity to levels comparable to
those in intact guinea pigs. Neutrophil functional status
parameters, as determined by the NBT test, did not
show statistically significant changes; however, it should
be noted that animals in group 2 exhibited a tendency
toward reduced reactive oxygen species generation.

IIF antibody titres were 1.2-fold higher (p < 0.05) in
the experimental drug-treated guinea pigs compared
to infected animals. DIF revealed antigen - antibody
complex fluorescence in 100% of animals in both
group 1 and 2, while proviral DNA was detected in 60
and 100% of animals of group 1 and 2, respectively. All
samples from control animals were tested negative. It is
worth noting that negative PCR results were observed
in animals previously identified as BLV provirus carriers,

whereas positive results were obtained in those that had
been previously tested negative.

In conclusion, BLV infection in guinea pigs induced
changes characterized by cytotoxic T-lymphocyte
and B-lymphocyte proliferation, as well as neutrophil
bactericidal system malfunction that were consistent
with previous reports on leukemic virus infection in sheep
and cattle [27, 28, 29] and earlier studies in laboratory
animals [30, 31]. Administration of the betulinic acid
derivative enhanced immune responses, as demonstrated
by normalization of cytotoxic T-lymphocyte and
B-lymphocyte counts, increased intracellular neutrophil
antimicrobial activity, and elevated antibody titres.
Unlike our previous study aimed at preventive antiviral
activity testing [22], the experimental drug did not
prevent primary infection of guinea pigs. Negative PCR
results demonstrated by some animals in the presence
of positive specific fluorescence may be accounted
for decrease in proviral DNA levels at this stage of viral
infection. Intermittent provirus detection in the same
animal has also been reported by other researchers in
rabbit infection model [32].

CONCLUSION

The study findings indicate that BLV infection
in guinea pigs induces an immunological reorganization
characterized by sustained increase in lymphoid cell counts
throughout the observation period, neutrophil bactericidal
hyperreactivity lasting up to 21 days, and a subsequent
decline in neutrophil metabolic activity to levels
comparable to those in intact animals. Administration
of the amide derivative of betulinic acid on day 21 after
infection normalizes total lymphocyte, B-lymphocyte
and cytotoxic T-lymphocyte counts, enhances neutrophil
functional and metabolic activity, and also stimulates
antibody production, but does not prevent BLV carrier state.
These results suggest that the experimental drug may be
used in animals to prevent clinical and hematological
leukosis in animals.
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