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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
matory drugs (NSAIDs), glucocorticoids, 
and biologics are used for the pharma
cological management of RA [5–7]. 
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].

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 
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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 
5 cm 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 ulceration 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 АH + АА 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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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 
A77-1726 (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 

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

АА

Hyperemia 11/15 8/15
Petechiae 3/15 0/15
Edema 8/15 5/15
Ulcers 2/15 0/15

АH + АА

Hyperemia 10/15 3/15
Petechiae 5/15 0/15
Edema 8/15 3/15
Ulcers 0/15 0/15

АА + leflunomide

Hyperemia 10/15 9/15
Petechiae 10/15 3/15
Edema 9/15 5/15
Ulcers 7/15 2/15

АH + АА + leflunomide

Hyperemia 11/15 4/15
Petechiae 10/15 5/15
Edema 11/15 6/15
Ulcers 5/15 4/15
Note. АА: adjuvant arthritis; АH: arterial hypertension; *the ratio of the number of animals with this effect to 
the number of animals in the group.



132 Фармакологія та лікарська токсикологія, Том 18, № 2/2024
ISSN 2227-7943. Pharmacology and Drug Toxicology, 2024, 18 (2), 128–135

1.	American College of Rheumatology Guideline for the Treatment of Rheumatoid Arthritis. J. A. Singh, 
K. G. Saag, S. L. Jr. Bridges et al. Arthritis & rheumatology (Hoboken, N. J.). 2016. V. 68 (1). P. 1–26. 
https://doi.org/10.1002/art.39480.

2.	Strategies toward rheumatoid arthritis therapy; the old and the new. M. Abbasi, M. J. Mousavi, 
S. Jamalzehi et al. J. Cell Physiol. 2019. V. 234 (7). P. 10018–10031. https://doi.org/10.1002/jcp.27860. 

3.	EULAR recommendations for the management of rheumatoid arthritis with synthetic and biological 
disease-modifying antirheumatic drugs: 2019 update. J. S. Smolen, R. B. M. Landewé, S. A. Bergstra 
et al. Annals of the rheumatic diseases. 2020. V. 79 (6). P. 685–699. https://doi.org/10.1136/annrheum-
dis-2019-216655.

4.	American College of Rheumatology Guideline for the Treatment of Rheumatoid Arthritis. L. Fraenkel, 
J. M. Bathon, B. R. England et al. Arthritis care & research. 2021. V. 73 (7). P. 924–939. https://doi.
org/10.1002/acr.24596.

5.	Efficacy of synthetic and biological DMARDs: a systematic literature review informing the 2022 update 
of the EULAR recommendations for the management of rheumatoid arthritis. A. Kerschbaumer, 
A. Sepriano, S. A. Bergstra et al. Annals of the rheumatic diseases. 2023. V. 82 (1). P. 95–106. https://
doi.org/10.1136/ard-2022-223365.

6.	Safety of synthetic and biological DMARDs: a systematic literature review informing the 2022 update 
of the EULAR recommendations for the management of rheumatoid arthritis. A. Sepriano, A. Ker-
schbaumer, S. A. Bergstra et al. Annals of the rheumatic diseases. 2023. V. 82 (1). P. 107–118. https://
doi.org/10.1136/ard-2022-223357.

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 
as controlling 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. 

Table 2

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

Experimental  
group IG points ID points Gastric 

toxicity, %
Duodenal 
toxicity, %

АА 1.5 0.9 – –

АH + АА 1.54 0.4 – –

АА + Leflunomide 3.3* 2.0 54 55

АH + АА + Leflunomide 3.0* 1.4 49 71

Note. *р ≤ 0.05 relative value in animals of the intact group.
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N. M. Seredynska, K. S. Marchenko-Tolsta
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

Н. М. Серединська, К. С. Марченко-Толста
Гастродуоденальні ефекти лефлуноміду за експериментального ревматоїдного 
артриту, коморбідного з артеріальною гіпертензією
Застосування лефлуноміду (ЛЕФ), синтетичного імуносупресора, для лікування ревматоїдного 

артриту (РА) є інновацією в лікуванні цього захворювання. Незважаючи на широке та успішне засто-
сування ЛЕФ для лікування РА, його фармакологічні властивості та побічні ефекти недостатньо 
вивчені.

Мета дослідження – вивчення гастродуоденальних ефектів тривалого ентерального застосування 
ЛЕФ у щурів за моделювання ад’ювантного РА та коморбідної артеріальної гіпертензії (АГ).

Експеримент проведено на 70 статевозрілих нелінійних щурах-самцях і самках, розподілених на 
5 груп: контрольну (10 щурів) та чотири дослідні по 15 щурів у кожній (модель РА, РА + АГ, РА + ЛЕФ, 
РА + АГ + ЛЕФ).

Модель РА відтворювали ін’єкцією повного ад’юванта Фрейнда, АГ моделювали в тварин шляхом 
сольового навантаження. 

https://doi.org/10.11603/1811-2471.2022.v.i3.13296
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Після завершення експерименту досліджували слизову оболонку гастродуоденальної зони на наяв-
ність пошкоджень (гіперемія, петехії, набряк, виразки), реєстрували частоту їхнього виникнення та 
оцінювали їх інтенсивність у балах.

1 % крохмально-ЛЕФ суспензію вводили щурам у шлунок через спеціальний металевий зонд один 
раз на день протягом 3 днів в ударній дозі (15 мг/кг маси тіла) та наступних 53 днів у терапевтичній дозі 
(1,5 мг/кг).

Встановлено, що тривале застосування ЛЕФ на тлі ад’ювантного артриту, а також коморбідного з 
АГ призводило до збільшення частоти та інтенсивності різних типів пошкоджень слизової оболонки 
гастродуоденальної зони. Як у разі ад’ювантного артриту, так і коморбідної патології ЛЕФ виявляв 
більшу токсичну дію щодо слизової оболонки кишечника, ніж шлунка.

Таким чином, отримані результати свідчать про необхідність ад’ювантної терапії в разі тривалого 
застосування ЛЕФ для запобігання гастродуоденальним побічним ефектам препарату.

Рекомендовано проведення фармакологічних досліджень з метою впровадження відповідних пре-
паратів. Крім того, необхідні подальші доклінічні та клінічні дослідження для розуміння фармакокінети-
ки, механізмів дії та взаємодії ЛЕФ, зокрема з антигіпертензивними та гастропротекторними засобами. 
Упровадження результатів дослідження в практику охорони здоров’я допоможе оптимізувати схему 
лікування ревматоїдного артриту та супутніх захворювань.

Ключові слова: лефлуномід, гастродуоденальна токсичність, ревматоїдний артрит, 
артеріальна гіпертензія, коморбідна патологія
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