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The poor knowledge of modern medi-
cine regarding the etiological factors
and pathogenic mechanisms of the
rheumatoid arthritis (RA) in one hand,
as well as the lack of efficacy and
safety of therapeutic agents and the
complexity of their choice on the other
hand, have raised challenges in pharma-
cological treatment of the disease [1-4].

Currently, disease-modifying agents
including gold preparations, cytostatics,
antibacterial, nonsteroidal anti-inflam-
matorydrugs(NSAIDs), glucocorticoids,
and biologics are used for the pharma-
cological management of RA [5-T7].
However, the severe drug side effects,
intolerance and insufficient efficacy, as
well as the unknown mechanisms
involved in rheumatic processes, led to
introduce a new class of biologics to the
medical practice. Applying genetically
engineered immunosuppressors (1990s)
and leflunomide (LEF), a synthetic
immunosuppressor (1998) for the
treatment of RA, created an innovation
in the management of the disease
[8-10]. Despite the widely and success-
fully use of the LEF for RA, its phar-
macological properties and side effects
are not well understood. However,
scientific research and clinical data
have evidenced some toxic effects of
the drug [3, 11].
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Immunosuppressants may cause
cardiotoxic effects, arterial hyperten-
sion (AH), blood pressure destabili-
zation, heart failure, and heart rhythm
disorders, etc. For instance, LEF-indu-
ced ischemic attack in patients with
RA, gastrointestinal toxicity, and
hepatotoxicity (development of diarrhea
and nausea in 10-15% of patients
taking the LEF) have been revealed.
Moreover, loading dose of the drug may
increase the level of the liver enzymes
[12-14]. Additionally, the potential of
“unexplained” bleeding, thrombocy-
topenia, leukopenia, anemia, hypercho-
lesterolemia, vomiting and lethargy
has been reported in vivo [15], which
were caused by LEF.

Since comorbidities, particularly,
cardiovascular, gastrointestinal, and
oncological diseases, have increased
the mortality rate in RA, the safety of
immunosuppressants, considering the
associated pathologies is an important
issue [16-18]. Observation of the
potential adverse effects of synthetic
immunosuppressants on cardiovascular
and gastrointestinal system is neces-
sary. Regarding the cardiac safety of
the LEF, investigation of the experi-
mental RA and comorbid hypertension
has revealed a need for monitoring the
arterial blood pressure and heart rate
either when the drug is used alone or
in combination with antihypertensive
agents [19]. The results of the numerous
studies worldwide have confirmed the
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importance of monitoring the potential
pathological processes of gastrointes-
tinal tract comorbidity, when admi-
nistering prolonged enteral various
pharmacotherapies [20-22].

Notably, the frequency and intensity
of drug side effects are points of
concern. Particular attention should be
paid to the gastroduodenal effects of
the drugs during prolonged use in
comorbid pathological conditions. This
is not only due to the fact that
numerous immunosuppressants have
gastrointestinal effects, but also, their
potential ability to impair the gastro-
intestinal tract function in comorbid
condition, during exercise, anxiety, and
depressive disorders [23—-26]. However,
an unmet clinical need exists.

The aim of the study was to examine
the gastroduodenal effects of prolonged
enteral use of the LEF in rats with
adjuvant-induced arthritis (AA) and
comorbid AH.

Materials and methods. The experi-
ments were conducted on mature male
and female nonlinear rats weighing
(201.56 = 2.42) g. Animals were kept
under a standard diet in the vivarium
with free access to food and water at
20-22 °C and relative humidity of
40-60%. All experiments were perfor-
med according to the requirements of
the European convention for the pro-
tection of vertebrate animals used for
experimental and other scientific
purposes [27].

Experimental animals were initially
acclimatized for 14 days. Afterward,
rats were randomly divided into five
groups. Animals of control group
(10 rats) were treated with 1% starch
suspension (0.2 ml) into the stomach
through a special metal probe daily
from the beginning of the experiment.

Animals of the second group (n = 15)
were injected with Complete Freund’s
adjuvant (CFA) to model AA [28].

Among the salt loading-induced
hypertension rats (21 days salt drin-
king — 1% sodium chloride solution),
animals with elevated mean arterial
blood pressure higher than 8% of the
initial level [(92.5 = 3.4) mmHg] were
selected. Arterial blood pressure in
rats was measured and recorded using
the Ugo Basele (Italy) sphygmomano-
meter apparatus [29].

The third group consisted of 15 male
and female hypertensive rats, which
received CFA, to form a comorbid con-
dition (AH + AA) [30].

The fourth group included 15 AA
rats, whose treatment with the LEF
(Lefno, Kusum Pharma, India) was
started seven days after the CFA admi-
nistration.

The fifth group consisted of 15 rats
with comorbid condition (AH + AA)
which were administered the LEF daily,
seven days after induction of the
inflammatory process. Animals in the
third and fifth groups were continued
to receive the salt load throughout the
study, as described above [30].

1% starch-LEF suspension was admi-
nistered into the stomach through a
special metal probe once daily, in the
specific daytime in the following man-
ner: 15 mg/kg rat body weight (rbw)
(shock dose) for the first three days,
followed by 1.5 mg/kg rbw (therapeutic
dose) for 53 days. The doses of the drug
were determined based on the species
sensitivity. The duration of the drug
administration was determined consi-
dering the duration of the AA phases,
taking into account the fact that the
pharmacological effects of the drug are
noticed within 2—4 weeks, whereas, the
significant effects arise within 6-8
weeks.

The total duration of observation of
animals was 81 days including the
modeling of AH (21 days), following 60
days after the introduction of CFA to

®apmakonoris Ta nikapcbka Tokcukonoris, Tom 18, Ne 2/2024

129

ISSN 2227-7943. Pharmacology and Drug Toxicology, 2024, 18 (2), 128—135



reproduce the main phases of AA
(acute period, period of generalization
and disappearance of the inflammatory
process) against the background of
AH. The administration of the LEF
was started 7 days after the introduction
of CFA, and continued for 53 days.

In order to determine the gastro-
duodenal toxic effects of the LEF, rats
were anesthetized (60 days after the
administration of CFA) and euthanized
via cervical dislocation. For further
macroscopic examination, the stomach
with the upper small intestine (up to
5cm long) was removed from each
animal by laparotomy, and washed out
with saline. The stomach was cut off
from the intestine with a scissor, and
incised along the lesser curvature con-
tent of the stomach was emptied, and
empty stomach was rinsed with saline.
A longitudinal section of the small
intestine was prepared. Morphological
specimens were fixed with needles on a
cortical plate, and the condition of the
gastric and upper small intestine (duo-
denal) mucosa was examined with a
binocular magnifying glass. Different
types of mucosal lesions (hyperemia,
edema, petechiae, and ulcer), degree of
the lesions, which were defined as
“points”, and the intensity of gastroduo-
denopathy [31] along with the number
of animals with the corresponding
changes were determined.

Results and discussion. Significant
lesions of the gastric mucosa were cha-
racterized by hyperemia, edema, ero-
sion, and wulceration in AA animals
(Table 1). Additionally, punctate
hemorrhages and small ulcers were
observed in two of the fifteen animals
of this group. Hyperemia, mucosal
edema and petechial lesions of the
esophagus were observed in animals
with combined pathology (AH + AA).
Duodenal mucosal hyperemia and
edema without any ulcerative changes

of the duodenum were observed in both
pathological conditions. Moreover,
occurrence of gastric mucosal lesion
was more frequent in both AA and
AH + AA groups. The LEF led to an
increase in the frequency of rates with
certain types of damages to the gastro-
duodenal mucosa in AA and AH + AA
groups. Moreover, the administration
of the LEF to the both groups with
pathological conditions caused petechiae
and ulcers of duodenal mucosa, which
were not observed in untreated groups
(see Table 1).

Frequency of rats with edema of duo-
denal mucosa was not changed under
the effect of the LEF in AA group. Ho-
wever, this indicator was (significantly)
enhanced twice in AH + AA treated
animals (from 3 rats in AH + AA
jumped to 6 in AH + AA treated).

The prevalence of duodenopathy in
rats in the AH+AA group was less than
in AA.

In order to determine the degree of
the mucosal pathologies, the intensity
of gastric and duodenal mucosal lesions
(IG and ID, respectively) was measured
[31] (Table 2). It was found that the IG
point was approximately equal in AA
and comorbid pathology group. While,
it was higher than the ID point in both
groups. The ID in AA (ID = 0.9) was
2.25 times higher than at comorbid
condition (ID = 0.4). The LEF enhanced
the IG point in AA group (from 1.5 to
3.3), and ID point from 0.9 to 2.0.
Additionally, under the effect of the LEF
IG and ID points in AH + AA group
were enhanced (from 1.5 to 3.0 and 0.4
to 1.4 respectively).

The intensity of damages to the
gastric and duodenal mucosa under the
effect of the LEF resulted in high levels
of gastroduodenal toxicity, which are
mentioned in Table 2.

The results of the study proved the
gastroduodenal toxic properties of the
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Table 1

The ratio* of the number of animals with the gastroduodenal lesions
in different pathological conditions to the total number of the animals
in each group 60 days after arthritis induction

Pathological indicators | Gastric mucosal lesion | Duodenal mucosal lesion
Control
Hyperemia 0/10 0/15
Petechiae 0/10 2/15
Edema 0/10 0/15
Ulcers 0/10 0/15
AA
Hyperemia 11/15 8/15
Petechiae 3/15 0/15
Edema 8/15 5/15
Ulcers 2/15 0/15
AH + AA
Hyperemia 10/15 3/15
Petechiae 5/15 0/15
Edema 8/15 3/15
Ulcers 0/15 0/15
AA + leflunomide
Hyperemia 10/15 9/15
Petechiae 10/15 3/15
Edema 9/15 5/15
Ulcers 7115 2/15
AH + AA + leflunomide
Hyperemia 11/15 4/15
Petechiae 10/15 5/15
Edema 11/15 6/15
Ulcers 5/15 4/15

Note. AA: adjuvant arthritis; AH: arterial hypertension; *the ratio of the number of animals with this effect to

the number of animals in the group.

LEF in experimental RA and comorbid
arterial hypertension.

The anti-inflammatory and immuno-
modulatory effects of the LEF are
mainly achieved by its active metabolite
AT77-1726 (teriflunomide), which inhi-
bits the mitochondrial enzyme dihyd-
roorotate dehydrogenase. Suppression
of this enzyme reduces the synthesis of
the ribonucleotide uridine monopho-
sphate pyrimidine, leading to a signi-
ficant limitation of the proliferation of

activated and autoimmune lympho-
cytes. Potential hepatotoxic property
of the LEF and its metabolite may be
due to the induction of hepatic tran-
saminases, associated with CYP2C9
polymorphism. Moreover, gastroduo-
denal side effects of the drug may be
related to induction of COX-2 and
inducible nitric acid. Acidic agents may
cause irritation of gastroduodenal
mucosa and lesion. However, the exact
mechanisms of gastroduodenal toxic
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Table 2

The intensity of gastroduodenal toxic effect of leflunomide in rats (n = 15)
in adjuvant-induced arthritis and comorbid hypertension

Experimental IG points ID points G.as.tric Du.m?enal
group toxicity, % toxicity, %
AA 1.5 0.9 - -
AH + AA 1.54 0.4 - -
AA + Leflunomide 3.3 2.0 54 55
AH + AA + Leflunomide 3.0 1.4 49 71

Note. *p < 0.05 relative value in animals of the intact group.

effects of the LEF in comorbid pathology
need more investigations.
Degeneration of the gastric mucosa
with the LEF in AA and hypertension
comorbidity increases a need for
adjuvant therapy to prevent drug
gastroduodenal adverse effects. Also,
research in pharmacological area to
introduce appropriate drugs is recom-
mended. Furthermore, conducting pre-
clinical and clinical studies to under-
stand the pharmacokinetics, mecha-
nisms of action, and interaction of the
LEF in particular, with antihyperten-
sive and gastroprotective agents seems
necessary. monitoring cardiovascular
and gastrointestinal function, as well
ascontrolling the pain and inflammatory
reactions when administering the LEF
are the points of concern. Implementa-

tion of the results of the study in
healthcare practice will help to optimize
the treatment regimen for RA and
related pathologies.

Conclusion

Prolonged administration of LEF to
rats with adjuvant arthritis and comor-
bid AH leads to an increase in the fre-
quency of gastroduodenal mucosal pat-
hology and intensity of various types
of damages (petechiae, edema, ulcers).

The LEF leads to high levels of
gastroduodenal toxicity in rats with AA
and combined pathological condition.

The LEF induced higher prevalence
of duodenal toxicity than gastric in
rats with both AA and hypertension
comorbidity.
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Gastroduodenal effects of leflunomide under experimental adjuvant-induced
rheumatoid arthritis and comorbid arterial hypertension

Use of leflunomide (LEF), a synthetic immunosuppressor, for the treatment of rheumatoid arthritis (RA),
has become an innovation in the management of the disease. Despite the widely and successfully use of the
LEF for RA treatment, its pharmacological properties and side effects are not well understood.

The aim of the study was to examine the gastroduodenal effects of prolonged enteral use of the LEF in
adjuvant-induced RA and comorbid arterial hypertension (AH).

The experiments were carried out on male and female mature nonlinear rats, which were divided into five
groups. The animals of control group (n = 10) were treated with starch suspension, the animals of the second
group (n = 15) were injected with complete Freund’s adjuvant — adjuvant-induced arthritis (AA), the third
group (n = 15) AA and comorbid AH (salt-loading model), the fourth group (n = 15) consisted of animals with
AA treated with LEF, the fifth group (n = 15) — animals with comorbid condition (AA + AH), which were treated
by LEF. Administering of starch-LEF suspension into the stomach was carried out through a special metal
probe to rats with adjuvant-induced arthritis and comorbid pathology once daily for the first 3 days at a dose
of 15 mg/kg (shock dose) and then at a dose of 1.5 mg/kg (therapeutic dose) for the next 53 days. After
finishing the experiments, gastroduodenal toxic effects of the drug were determined according to the
frequency of rats with pathological lesions (hyperemia, petechiae, edema, ulcers) and intensity of the
damages using a point scale.

It has been established that prolonged use of the LEF leads to high levels of gastroduodenal toxicity in
rats with adjuvant-induced arthritis and combined pathological condition: an increase in the frequency of rats
with gastroduodenal mucosal pathology and intensity of various types of damages (petechiae, edema,
ulcers). LEF induced higher prevalence of duodenal than gastric toxicity in rats with both adjuvant-induced
arthritis and arterial hypertension comorbidity.

Thus, gastroduodenal mucosa pathology after prolonged use of LEF in adjuvant-induced arthritis and
comorbid state increases a need for adjuvant therapy to prevent such adverse effects. Moreover, further
pharmacological research in order to introduce appropriate drugs is recommended. Furthermore, conducting
preclinical and clinical studies to understand the pharmacokinetics, mechanisms of action, and interaction of
LEF, in particular, with antihypertensive and gastroprotective agents seem necessary.

Implementation of the results of the study in healthcare practice will help to optimize the treatment regimen
for rheumatoid arthritis and comorbidities.

Key words: leflunomide, gastroduodenal toxicity, rheumatoid arthritis, arterial hypertension,
comorbid pathology

H. M. CepeduHchbka, K. C. MapyeHko-Toncma

FacTpoayopeHanbHi edhekTy nechnyHomigy 3a eKCnepumeHTanbHOro peBMaToigHOro
apTpuTy, KOMOPGiIAHOro 3 apTepianbHOIO rinepTeHsicto

3acTocyBaHHa nednyHomigy (JIE®), cuHTETMYHOro iMyHocynpecopa, Ans NikyBaHHS peBMaToifHOro
aptpuTy (PA) € iHHOBaUi€to B MiKyBaHHI LIbOro 3axBoploBaHHA. HesBaxaroun Ha LUMpOKe Ta ycrillHe 3acTo-
cyBaHHa JIE® gna nikyBaHHs PA, 1ioro dapmakonoriyHi BnacTvBOCTI Ta MobivHi ehekTn HegocTaTHbO
BUBYEHI.

Mema docnidxeHHs1 — BUBYEHHS racTpoayofeHanbHUX edeKTiB TPMBANoro eHTepanbHOro 3acTocyBaHHS
JIE® y uypiB 3a mogentoBaHHs ag’toBaHTHoro PA Ta komop6igHoi apTepianbHoi rinepTensii (Al).

EkcnepumMeHT npoBeaeHo Ha 70 cTaTeBO3pinMX HEMiHIMHMX Llypax-camusx i camkax, po3nofineHux Ha
5 rpyn: koHTponbHy (10 wypiB) Ta YoTvpu gocnigHi no 15 wypis y koxHi (Mogens PA, PA + AT, PA + JIE®,
PA + Al + JIE®).

Mogenb PA BigTBOptoBanu iH’ekuieto NnoBHoro ag’toBaHta dperiHga, Al MmogentoBany B TBApWH LUNSIXOM
COMbOBOIO HaBAHTAXEHHS.
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lMicnsa 3aBepLUEHHS eKcnepuMeHTY A0CniAXyBanu cnm3oBy 060MOHKY racTpodyodeHarnbHOi 30HW Ha HasB-
HICTb MOLUKOXEeHb (rinepemis, neTexii, HAbpsiK, BMPa3ku), peecTpyBanu 4acToTy iXHbOTO BUHUKHEHHS Ta
oLiHIOBanM ix iHTEHCUBHICTb Y Banax.

1 % kpoxmanbHo-JIED cycneHsito BBOAUNM Lypam Y LUYHOK Yepe3 cneuianbHUin MeTaneBsuin 30H4, OAWH
pas3 Ha AeHb NpoTarom 3 AHIB B yAapHin Ao3i (15 Mr/kr macy Tina) Ta HacTynHux 53 oHIB y TepaneBTUYHIN 403
(1,5 mr/kr).

BcraHoBneHo, wo TpuBane 3actocyBaHHs JIE® Ha Tri ag’loBaHTHOrO apTpuTy, a TakoX KoMopbigHoro 3
Al' npusBoguno [o 36inbleHHS YacToTU Ta iHTEHCUBHOCTI Pi3HUX TWUMIB MOLUKOOXKEHb CNM30BOI 0O0MOHKM
racTpogyoneHanbHoi 30HM. AK y pasi ag’toBaHTHOrO apTpuTy, Tak i komopGiaHoi natonorii JIEQ BusBnse
BiNbLUY TOKCUMYHY A0 LOAO CrNM30BOT 0OOMOHKN KULLEYHMKA, HIXK LUITYHKA.

Takum YMHOM, OTpMMaHi pe3ynbTaTi cBigyaTb NPO HeOoOXiAHICTb af'loBaHTHOI Tepanii B pasi Tpusanoro
3actocyBaHHs JIE® ans 3anobiraHHA ractpoayoaeHanbHUM NobivyHuM edekTam npenapary.

PekomeHaoBaHO npoBefeHHs hapMakonoriyHUX AOCniAKeHb 3 METOK BMPOBafXKEHHS BiANoOBIgHWX npe-
napariB. Kpim Toro, HeobxigHi noaanbLui AOKMiHIYHI Ta KNiHIYHI AOCNIOKEHHST AN pO3yMiHHSA dapMaKoKiHeTH-
KW, MexaHi3miB gii Ta Bzaemogii JIE®D, 3okpema 3 aHTUrinepTeH3NBHUMM Ta racTPONPOTEKTOPHMMU 3acobamu.
YnpoBagXeHHs pe3ynbTaTiB AOCMIAKEHHS B MPaKTUKy OXOPOHW 3[40POB’S AOMOMOXE OMNTUMI3yBaTh Cxemy
nikyBaHHS peBMaToigHOro apTpUTy Ta CYMyTHIX 3aXBOPOBaHb.

Knrouosi criosa: negbriyHomid, eacmpodyodeHaribHa MOKCUYHICMb, peamMamoioHul apmpum,
apmepiarnbHa 2inepmeHsis, kKomopbidHa namorsoais

Haditwna: 02 mpasHs 2024 p.

MputiHama do Opyky: 25 yepeHs 2024 p.

KoHTakTHa ocoba: MapuyeHko-Torncta KatepuHa CepriieHa, 1Y «IHCTUTYT cbapmakonorii Ta TOKCUKOsorii
HAMH Ykpainny», 6ya. 14, Byn. AHTtoHa Leaika, m. Knig, 03057. Ten.: + 38 0 44 456 42 56. EnekTpoHHa
nowrTa: k.marchenko-tolsta@kmu.edu.ua

®apmakonoris Ta nikapcbka Tokcukonoris, Tom 18, No 2/2024 135
ISSN 2227-7943. Pharmacology and Drug Toxicology, 2024, 18 (2), 128—135



