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INTRODUCTION

Relevance of the topic. Significant prevalence of hepatotoxic reactions in the
appointment of cardiotropic drugs (MPs) and NSAIDs is increasing every year.

The aim of the study was to evaluate screening methods for early verification
of drug-induced liver damage, the effect of NSAIDs on the state of hepatocytes, and
to determine the pharmacokinetic interaction of the drugs - substrates and inhibitors
of CYP2D6 in the occurrence of side effects.

Research objectives:

1. Analysis of the prevalence of toxic drug-induced hepatitis in patients who take
NSAIDs for a long time.

2. The study of biochemical markers of cytolytic and cholestatic syndromes in
toxic liver damage in the appointment of diclofenac.

3. Analysis of fatigue scale (FAS) scores in patients with toxic liver injury to
assess this parameter as an early predictor of drug-induced hepatitis.

4. Analysis of the possibility of using Celecoxib, which has low hepatotoxicity,
in the group of cardiac patients, taking into account its inhibitory properties
on CYP2D6 and P-glycoprotein.

The study materials included 89 extracts from the medical history and outpa-
tient cards of patients who were prescribed NSAIDs, FAS fatigue level survey cards.

Object of study: NSAIDs, diclofenac, Celecoxib, FAS scale of patient fatigue.

Subject of study: the use of NSAIDs by cardiological patients, the assessment
of the severity of FAS fatigue as an early screening marker of toxic drug-induced
liver damage, the severity of cytolytic and cholestatic syndromes when using
NSAIDs.

Research methods. Bibliosemantic, statistical and graphical methods were
used in the work.

Practical significance of the obtained results. Practical recommendations
have been developed for physicians and pharmacists for early screening verification
of toxic drug-induced liver injury using the FAS fatigue scale, the most significant

biochemical tests for the diagnosis of toxic hepatitis when using diclofenac have
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been identified, and to prevent complications, it has been proposed to exclude dan-
gerous combinations of Celecoxib with cardiotropic drugs from clinical use.
Approbation of the results of master's work. The main results of the master's
work are presented at: The Sixth Universiade in Clinical Pharmacology "Clinical-
pharmacological analysis of hepatotoxicity of nonsteroidal anti-inflammatory and
cardiotropic drugs" (April 12, 2022, Kyiv); April student scientific session of the
Bogomolets National Medical University "Clinical-pharmacological analysis of
hepatotoxicity of nonsteroidal anti-inflammatory and cardiotropic drugs" (April 19,
2022, Kyiv); 26th International medical congress of students and young scientists
(13-15th of April, 2022, Ternopil, Ukraine) "Clinical-pharmacological analysis of
hepatotoxicity of nonsteroidal anti-inflammatory and cardiotropic drugs".
Scientific novelty of the obtained results.
1. For the first time, discriminant intergroup properties of biochemical markers
of cytolysis and cholestasis in toxic liver damage with diclofenac were established:
ALT activity (F coefficient = 68.2; p<0.05), GGTP activity (F coefficient = 52.3;
p<0.05), AST activity (F coefficient = 48.9; p<0.05).
2. For the first time, when conducting a non-parametric correlation analysis of
Spearmen between the indices of cytolysis and cholestasis and the intensity of hep-
atogenic fatigue (according to the FAS scale), a significant correlation was estab-
lished: between the activity of ALT and FAS - R=+0.68 (p<0.05), between the ac-
tivity of GGTP and FAS — R=+0.61 (p<0.05), between ALT and FAS activity —
R=+0.58 (p<0.05).
3. For the first time, the potentially most dangerous pharmacokinetic interac-
tions of Celecoxib, as a potent inhibitor of CYP2D6, with substrates of this isoen-
zyme: the beta-blocker carvedilol and the calcium channel blocker Diltiazem have
been established for the first time. A high probability was established when pre-
scribing these combinations: negative inotropic, chronotropic effects, a sharp de-
crease in blood pressure, bradycardia and collapse.
4. For the first time, it has been established that the simultaneous administration

of Celecoxib (a CYP2D6 inhibitor) with the indirect anticoagulant Warfarin can lead
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to an increase in the concentration of Warfarin and the development of symptoms of
hypocoagulation. Co-administration of Celecoxib with amiodarone (a CYP2D6 sub-
strate) may increase the concentration of this antiarrhythmic drug and induce sinus
bradycardia, ventricular arrhythmia, and liver toxicity. The potentially dangerous
interactions of Celecoxib with cardiotropic drugs found are more significant than its
low hepatotoxicity, which does not allow it to be recommended to therapeutic pa-

tients with heart pathology.



SECTION 1. LITERATURE REVIEW.
1.1. Modern problems of drug toxic damage to the liver with non-steroid anti-
inflammatory drugs

There are limited data on the proportion of drug-induced liver injury among
outpatients seen in hepatology clinics. Therefore, it is important to assess the pro-
portion of cases of drug-induced liver damage and identify the most important hepa-
totoxic agents, the nature of liver damage. When analyzing a computerized database
of diagnoses at the outpatient hepatology clinic at the Swedish University Hospital,
a causal relationship of cases with suspected drug-induced liver injury was estab-
lished. In total, 1164 cases of the disease were detected for the first time during this
period. Drug-induced liver injury was found in 77 cases (6.6%), 38 (3.3%) of which
were sent for examination to the clinic, while 3% underwent dynamic follow-up after
hospitalization of patients with a diagnosis of drug-induced liver injury. The median
age of the examined patients was 58 years, of which 43 (56%) were women, cyto-
lytic damage was observed in 37 cases (48%), cholestatic - in 31 (40%) and mixed -
in 12%. Antibiotics were the most common agents that induced drug-induced liver
injury, followed by NSAIDs, with diclofenac being the most common cause of drug-
induced liver injury. Thus, cases of drug-induced liver injury account for 6% of all
outpatients and 3% of visits and are more common in women. Antibiotics and diclo-
fenac were the most common causes of drug-induced liver injury in outpatients [1].

When analyzing the hepatotoxicity of various groups of drugs, it was found that
TB drugs, dietary supplements and antibacterial drugs were the biggest problem in
Asia, while antibiotics, cardiotropic drugs and NSAIDs also caused the greatest
damage in Europe [2, 3].

Reye's syndrome occurs in children under the age of 16 after taking aspirin or
tetracycline (especially with influenza and chicken pox). Glycogen disappears in
hepatocytes, microvesicular steatosis progresses, severe damage to mitochondria oc-
curs, hypoglycemia, lactic acidosis, hyperammonemia and cerebral edema develop.

The dramatic rapid development of multiple organ pathology is accompanied by a
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rapid increase in the activity of cytolytic enzymes in almost anicteric hepatic en-
cephalopathy [4, 5].

The ibuprofen, naproxen, and diclofenac, ibuprofen had minimal association
with gastrointestinal complications in patients of all ages. Co-administration of ibu-
profen, aspirin, naproxen, and ketoprofen with acetaminophen results in the gastro-
intestinal complications, and this possibility is greatly increased in alcoholics [6].

In the analysis of hepatotoxicity, it was found that the effect of diclofenac on
the liver is greater than that of ibuprofen. Diclofenac is cardiotoxic and adversely
affects hepatic parameters [7].

According to the degree of liver damage and the induction of drug-induced hep-
atitis caused by NSAIDs, diclofenac ranks second after nimesulide.

However, diclofenac-induced liver damage has been shown to reverse in most
cases. The recommended time for analysis of the level of cytolytic and cholestatic
liver enzymes is four to eight weeks after the start of treatment with diclofenac [8].

Indomethacin, unlike ibuprofen, may aggravate the symptoms of Parkinson's
disease. Indomethacin has a cardiotoxic effect, can provoke cardiac arrest. To assess
the adverse effects of the use of diclofenac, it is advisable to dynamically study bio-
chemical markers of kidney and liver pathology, coagulogram and macronutrient
levels [9].

Naproxen is the safest non-steroidal drug for patients with heart disease [10].
The half-life of the drug is very high (about 50 hours). There are complications from
the liver, kidneys and gastrointestinal tract. The multiorgan nature of complications
in the application of this product has led to the minimization of its use in medical
practice. Piroxicam should be avoided in patients with any degree of hepatic or renal
problems, as well as in elderly patients (especially women during menopause) [11].

An increased risk of cardiovascular complications is a serious problem with this
drug. In addition, Celecoxib also accelerates the progression of renal failure and is
therefore contraindicated in patients with any degree of renal failure [12].

Many NSAIDs cause gastrointestinal, liver, and bone marrow toxicity in some

patients, resulting in gastrointestinal bleeding, ulceration, fulminant liver failure,
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hepatitis, agranulocytosis, and aplastic anemia. Drugs of the NSAID group form
prooxidant radicals when metabolized by peroxidases. GSH, NADH and/or ascor-
bate are oxidized with catalytic amounts of NSAIDs, hydrogen peroxide in the pres-
ence of peroxidase. When GSH and NADH are co-oxidized, oxygen is taken up and
activated. The prooxidant catalytic efficacy rating of the NSAIDs fenamate and aryl
acetic acid was as follows: mefenamic acid > tolfenamic acid > flufenamic acid,
meclofenamic acid, or diclofenac. Diphenylamine, a common moiety for all of these
NSAIDs, was a more active prooxidant for the co-oxidation of NADH and ascorbate
than these NSAIDs, suggesting that the oxidation of the NSAID's diphenylamine
moiety to the cation and/or nitroxy radical was responsible for the NSAID's prooxi-
dant activity. Although indomethacin had little prooxidant activity, its major in vivo
metabolite, N-deschlorobenzoyl indomethacin, had significant prooxidant activity.
Amino antipyrine, the major metabolite of aminopyrine or analgin in vivo, was also
more prooxidant than the parent drugs. It is hypothesized that NSAID radicals and/or
the resulting oxidative stress initiate cytotoxic processes leading to idiosyncratic tox-
icity [13].

The relationship between exposure to NSAIDs (NSAIDs) and liver injury was
analyzed using the French pharmacovigilance database. A case/non-case methodol-
ogy was used, where "cases" were reports of reactions of interest (liver lesions rec-
orded in the database according to the WHO classification, including cytolytic and
cholestatic hepatitis, acute hepatitis, elevated liver enzymes). "Non-cases" were all
reports of reactions other than those under study. Amineptine and acetaminophen
were used as positive controls. Of the 42,913 adverse drug reactions reported in the
database, 5,708 (13 percent) were liver injury. Compared to other drugs in the data-
base, liver injury was inversely associated with NSAID exposure, regardless of drug
class. In contrast, liver injury was significantly associated with acetaminophen (OR
2.1[1.9-2.3]) and amineptine (OR 14.0 [10.5-18.7]). Naproxen and diclofenac were
associated with a higher incidence of liver injury, 15.7% and 11.5%, respectively.

The risk associated with NSAIDs alone was significantly reduced when the analysis
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was performed after the exclusion of NSAID-related hepatotoxic drugs (with the
exception of naproxen) [ 14].

Diclofenac-induced acute hepatitis without any symptoms also occurs in clin-
ical practice [15, 16].

A clinical example of the use of diclofenac demonstrates a patient's history of
osteoarthritis and the development of severe hepatitis. This clinical example high-
lights the importance of being vigilant for the hepatic side effects of diclofenac [17].

Hepatotoxicity of diclofenac varies from an asymptomatic increase in trans-
aminase activity to significant liver damage. The literature in English, French and
Spanish has already reported 31 cases of diclofenac-induced hepatitis with five
deaths. The paper describes the case of a 64-year-old patient who was admitted to
the hospital with a sudden onset of icteric hepatitis. The only drug taken prior to
admission was diclofenac at a daily dose of 150-200 mg for spondylodiscitis. Exam-
ination of the patient included laparoscopy and liver biopsy and excluded other
causes of cholestatic hepatitis. Cancellation of diclofenac led to the normalization of
transaminase activity and bilirubin concentration within four months. The frequent
use of diclofenac and the possibility of fatal liver damage emphasize the need to take
into account the toxicity of diclofenac in the differential diagnosis of acute choles-
tatic hepatitis [18, 19].

Some studies have found that Diclofenac does not have significant hepatotox-
icity when administered. In this regard, the fact of diclofenac hepatotoxicity requires
a more study and consideration of genetic risk factors [20].

The purpose of the analyzed study was to compare the hepatotoxicity of
NSAIDs with highly active metabolites and NSAIDs with weak metabolites in the
VigiBase™ database. The pharmacological properties of the drugs were compared
with recorded adverse reactions. Thus, although spontaneous reporting has many
limitations, the results are consistent with previous studies on the concept of reactive
metabolites [21].

Many drugs can cause drug-induced liver injury (DILI); however, the under-

lying mechanisms of liver injury are significantly different. The concept of different
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pathways of adverse outcome has become a method for assessing the risk of hepa-
totoxic effects of different types of drugs. Analyzing specific for immune-mediated
drug-induced allergic hepatitis, taking into account the genomic, histological and
clinical data of the pathology of experimental animals, the consequences of taking

diclofenac were studied [22].

1.2. The study of fatigue in diagnostic and prognostic algorithms in patients
with liver pathology

Experimental studies on experimental animals and male athletes revealed the
involvement of the serotonin neurotransmitter system in fatigue of central origin [23,
24,25, 26].

Fatigue is a common and often debilitating symptom for people living with
chronic hepatitis C virus infection. Numerous published reports over the past decade
have attempted to address the nature and etiology of fatigue in chronic hepatitis C;
however, there is a lack of clarity in this area about how hepatitis C virus (HCV)-
related fatigue occurs and when an infected person experiences it. Consequently,
both patients and clinicians lack a clear understanding of how to mediate or prevent
the negative effects of HCV-related fatigue. Research related to fatigue in chronic
diseases aims to suggest future directions for research and interventions in the field
of HCV-related fatigue [27, 28, 29].

Fatigue is an important symptom and a determinant of quality of life in pa-
tients with cholestatic liver disease. The pathogenesis of fatigue is unclear, although
changes in peripheral muscle dysfunction have been blamed. There is currently no
effective treatment [30].

Fatigue is the symptom with the greatest impact on quality of life, especially
when it is associated with social dysfunction. The pathogenesis of fatigue in choles-
tatic liver disease is complex, poorly understood, and likely has central and periph-
eral components. Fatigue management in cholestatic liver disease presents a chal-

lenge for clinicians given the complexity and multiple associations [31].
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The autoimmune liver disease, primary biliary cirrhosis (PBC), is associated
with debilitating fatigue in a significant proportion of patients. The pathogenesis of
fatigue in PBC is unclear, but preliminary studies suggest that it has central mecha-
nisms and may have peripheral manifestations. Research is beginning to elucidate
the biological causes of fatigue in PBC, especially sleep disturbances and autonomic
dysfunction. Comprehensive studies investigating the pathogenesis of fatigue in
PBC are urgently needed, as are large-scale prospective outcome studies [32, 33, 34,
35].

1.3. Technologies for studying the severity of fatigue in clinical practice

The Fatigue Impact Scale (FIS) elements reflect the intended impact on cog-
nitive, physical and psychosocial functioning. Internal agreement for FIS was > 0.87
for all analyses. The effect of fatigue was highest in the ChF group, although re-
ported fatigue in the MS group also exceeded fatigue in the HT group [36, 37].

The Functional Assessment System for Chronic Disease Therapy (FACIT) is
a set of health, fatigue, quality of life (HRQOL) questionnaires designed for the
management of chronic diseases [38].

The Visual Analogue Fatigue Severity Scale (VAS-F) was developed and
tested on a sample of 75 healthy individuals and a sample of 57 patients undergoing
a medical examination for sleep disorders. The VAS-F compares favorably with the
Stanford Sleepiness Scale and the Mood State Profile, and the reliability of its inter-
nal consistency is high. Healthy subjects showed significant differences between
their evening and morning VAS-F scores, while patients with sleep disorders had no
such differences [39, 40].

A self-rating scale was also developed to measure the severity of fatigue. Two
hundred and seventy-four new GP enrollments completed the 14-point fatigue scale.
In addition, 100 consecutive GP attendees completed the Clinical Inquiry Schedule
Revised Fatigue Scale and Fatigue Item (CIS-R). They were compared using relative
operating characteristic (ROC) analysis. Both datasets were tested for internal con-

sistency and principal component analysis. The validation coefficients for the fatigue
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scale using an arbitrary threshold score of 3/4 and a CIS-R item were: sensitivity
75.5 and specificity 74.5 [41, 42, 43].

A fatigue scale was proposed when analyzing the psychometric qualities of a
new fatigue score. In this Fatigue Rating Scale (FAS) study, a longitudinal study
was performed [44, 45].

1.4. Possible hepatotoxicity of the specific COX-2 inhibitor CELECOXIB.
When conducting epidemiological studies associated with hospitalization due
to hepatotoxicity of traditional NSAIDs (NSAIDs), it was found that the number of
reports of hepatotoxicity of nimesulide, Celecoxib and rofecoxib is constantly in-
creasing. We analyzed the relationship between the use of hepatotoxic NSAIDs and
an increase in the number of hospitalizations associated with acute hepatitis. We
used two types of models. for analysis with unidirectional and bidirectional cross-
sectional models over 28-day exposure periods and running conditional logistic re-
gression models. There were 4519 hospitalizations for acute hepatitis, and the odds
ratios for Celecoxib, nimesulide, diclofenac, ibuprofen, and other hepatotoxic
NSAIDs were significantly higher. Compared with the adjusted odds ratio of other
hepatotoxic NSAIDs (OR = 2.13, 95% CI = 2.00, 2.28), Celecoxib caused acute
drug-induced toxic hepatitis in fewer cases (OR = 1.92, 95% CI = 1.38, 2.69) [46].
Cyclooxygenase-2 inhibitors such as Celecoxib have been shown to be asso-
ciated with fewer adverse drug reactions compared to other NSAIDs (NSAIDs).
However, associations of Celecoxib with cholestasis and hepatitis have been rarely
reported. Only isolated cases of toxic liver injury with Celecoxib have been reported
in the literature. One of these examples demonstrates a clinical situation in which a
young Hispanic woman developed biochemical signs of hepatic cholestasis after 3
weeks of Celecoxib. Liver chemistry returned to normal after medication was dis-
continued. This case is rather a rare exception to the rule, since Celecoxib generally

has low hepatotoxicity [47, 48, 49].
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Selective COX-2 inhibitors, coxibs, are NSAIDs (NSAIDs) that have a much
better gastrointestinal safety profile compared to non-selective NSAIDs. The epide-
miological features of coxib-induced hepatotoxicity and the clinical consequences
of coxib-associated liver damage were analyzed. Data on hepatotoxicity caused by
Celecoxib and etoricoxib indicate that this group of drugs has a negligible toxic ef-
fect on the liver. Liver damage caused by coxibs is an uncommon event. Improve-
ments in this group of drugs and increased COX-2 selectivity in drugs such as
rofecoxib, valdecoxib, parecoxib, and lumiracoxib have been associated with higher

cardiovascular risk as well as dermatological and more severe hepatic reactions [50,

51].
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SECTION 2. MATERIALS AND RESEARCH METHODS

2.1. Justification of the expediency of choosing objects and methods of research

After studying and working out theoretical sources, statistical data on the preva-
lence of toxic liver damage by NSAIDs, in particular diclofenac, it became relevant
to study the prevalence of toxic hepatopathy in the group of patients with somatic
pathology. Important is the early screening verification of liver pathology through
the detection of hepatogenic fatigue. Identification of a complex of clinical signs of
fatigue will determine the need for an in-depth biochemical examination of patients
who take NSAIDs for a long time. A possible alternative to diclofenac, which is
widely used in clinical practice, but has a pronounced hepatotoxic effect, could be
replaced by Celecoxib. This specific COX-2 non-steroidal anti-inflammatory drug
has a minimal hepatotoxic effect. To analyze its safety and possible use in cardiac
patients, it is necessary to study its interaction with cardiotropic drugs to prevent
adverse complications.

Given the relevance of the problem under consideration, the results of literary
sources, as well as previous studies on this topic, the following areas of research
were chosen:

- analysis of the prevalence of toxic drug-induced hepatitis in patients who take
NSAIDs for a long time;

- analysis of biochemical markers of cytolytic and cholestatic syndromes in toxic
liver damage when diclofenac is prescribed;

- analysis of fatigue scale (FAS) indicators in patients with toxic liver damage to
assess this parameter as an early prognostic factor of drug-induced hepatitis, and
indications for in-depth laboratory biochemical examination of the risk group;

- analysis of the possibility of using Celecoxib, which has low hepatotoxicity in
the group of cardiac patients, given its inhibitory properties to CYP2D6 and P-gly-
coprotein.

Conducting research allowed to fulfill the main tasks that were formed at the be-

ginning of writing the master's work.
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2.2. Methodology and research methods

This section of the work describes the main methods and characteristics of re-

search materials. To achieve the goals and objectives, the corresponding algorithm

for conducting a master's study was used (Table 1).

Table 1

Algorithm for conducting a master's study

Research stages

The content of research areas

1. The study of the prevalence of toxic
drug-induced hepatitis in patients who take

NSAIDs for a long time

Analysis of extracts from case histories of
cardiac patients with toxic drug-induced
hepatitis who have been taking NSAIDs for

a long time

2. The study of biochemical markers of cy-
tolytic and cholestatic syndromes in toxic

liver damage when prescribing diclofenac

Analysis of 89 extracts from the case histo-
ries of patients with toxic drug-induced
liver damage with the analysis of variance
and discriminant analysis of laboratory

tests.

3. The study of indicators of the fatigue
scale (FAS) in patients with toxic liver

damage to predict drug-induced hepatitis.

Analysis of the results of a study of the
level of fatigue using the FAS scale in a
group of patients and the establishment of
boundary values at which an in-depth set of

biochemical tests should be carried out.

4. Studying the possibility of prescribing a
specific COX-2 inhibitor Celecoxib in car-

diac patients

Analysis of the effect of Celecoxib, as a
powerful inhibitor of CYP2D6 and P-gly-
coprotein, on the concentration of cardio-

tropic drugs in somatic patients.

The research was carried out using such methods as bibliosemantic, statistics and

graphic.
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The bibliosemantic method was used to study Internet resources and scientific
literature on the results of epidemiological studies of the prevalence of toxic drug-
induced liver damage, modern methods for verifying drug-induced hepatitis when
using NSAIDs, screening methods for verifying the severity of fatigue in somatic
patients.

An analytical method to establish possible correlations between FAS fatigue in-
dices and biochemical markers of cytolysis and cholestasis in patients with toxic
drug-induced liver injury.

The statistical method was used to assess the prevalence of toxic liver damage,
search for the FAS boundary value at which the likelihood of developing hepatitis
increases, and conduct a discriminant analysis of laboratory parameters in cardiac
patients.

Graphical methods were used to display the material and systematize the research
results.

We analyzed 89 extracts from the medical history of patients with cardiac pa-
thology (53 men and 36 women) aged 42 to 68 years, who were observed in the
cardiology department of the Kiev Clinical Emergency Hospital. The structure of
the pathology of these patients included the following diagnoses: hypertension, cor-
onary heart disease (rest angina, exertional angina), cardiosclerosis, chronic gastritis
with low and high acidity, ulcerative deformity of the duodenal bulb, chronic osteo-
arthritis, chronic osteoarthritis. Of the 89 patients, 21 (23.6%) were diagnosed with
drug-induced toxic hepatitis induced by long-term use of the non-steroidal anti-in-
flammatory drug diclofenac, which was prescribed for the treatment of chronic joint
pathology. Drug-induced toxic hepatitis was confirmed by a complex of clinical and
laboratory studies, which included markers of cytolysis, cholestasis, bilirubin me-
tabolism and thymol test, as well as the results of a physical examination and ultra-
sound examination of the abdominal organs. At the same time, the activity levels of

enzymes were determined - alanine aminotransferase (according to the international
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classification of enzymes 2.6.1.2.), aspartate aminotransferase (EC 2.6.1.1.), alka-
line phosphatase (EC 2.3.2.4), gamma-glutamyl transpeptidase (EC 2.3.2.2), the
concentration of total bilirubin, thymol test level.

The results of biochemical analysis were statistically processed using EXCEL
2016 spreadsheets and the STATISTICA 8.0 software package in the Microsoft
Windows 10 Pro operating system. In each of the examined groups. In case of non-
compliance with the normality criteria in each group, we calculated the values of the

median (Me), its errors (m Me), the lower (25%) and upper (75%) quartile (Q25 -
Q75) [52].
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SECTION 3. RESULTS OF OUR RESEARCH
3.1. Analysis of the prevalence and biochemical parameters of toxic liver
damage in the appointment of diclofenac
To identify intergroup differences in biochemical parameters of blood serum be-
tween groups of patients with the presence (n=21) and absence (n=68) of clinical
and laboratory signs of drug-induced toxic hepatitis, we used the nonparametric
Mann-Whitney method. As a result of our studies, we found that toxic liver damage
was accompanied by a significant increase in the concentration of total bilirubin up
to 18.3+0.2 umol/l, which is 2.9 times higher than in the group without toxic liver
damage (6.3+0.1 pmol/l; p<0.05 according to Mann-Whitney) and 3.6 times more
than the level of bilirubin in the donor group (5.1£0.05 umol/l; p<0.05 according to
Mann-Whitney) (Table 2, picture 1).
Table 2
Biochemical parameters of blood serum of patients with or without drug-in-

duced toxic hepatitis

Groups Donors (n=52) Group of patients Group of patients Mann-Whitney
Me+m Me without signs of drug- with drug-induced score between
(Q25-Q75) induced hepatitis hepatitis (group 2) groups of patients
(group 1) Me+tmMe with and without
MetmMe (Q25-Q75) drug-induced hep-
(Q25-Q75) (n=21) atitis
Biochemical indica- (n=68)
tors
Total bilirubin, 5.1£0.05 6.3+0.1%* 18.3+£0.2%* <0.05
pmol/l (2.91-5.82) (4.2-8.5) (14.5-21.6)
ASAT, mmol/lg 0.27+0.01 0.5+0.07 1.3+0.09* <0.05
(0.11-0.39) (0.45-0.72) (0.98-1.42)
ALT, mmol/lg 0.37+0.01 1.0+0.04* 1.9+0.07* <0.05
(0.17-0.51) (0.85-1.22) (1.41-2.1)
Alkaline phospha- 1.28+0.01 1.6+0.05%* 2.5+0.08%* <0.05
tase, mmol/lg (1.11-1.38) (1.44-1.9) (1.7-2.61)
GGTP, mmol/lg 531.26+1.89 701.0+£18.6* 1321.8+44.7* <0.05
(470-610) (625-722) (782-945)
Thymol test, units 1.68+0.02 2.9+0.03* 4.8+0.11% <0.05
(0.84-2.16) (1.51-3.34) (2.22-6.45)

Note:

In the table, biochemical parameters are presented by the median (Me) and its error (mMe)

(Me+mMe).

In brackets in the second line are indicated - 25% and 75% quartile (Q25 -Q75).
* - with a significant difference P<0.05 in the analysis of Mann-Whitney in comparison with the indicators of do-

nors.
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Pict. 1. The level of total bilirubin (umol/l) in groups with and without drug-

induced hepatitis

Analyzing the severity of the cytolytic syndrome, we found that the activity of
AST in the group of patients without toxic liver damage practically did not differ
from the indicators of donors (0.5 £ 0.07 mmol /1 * h; 0.27 £ 0.01 mmol / 1 * h,
respectively ; p>0.1 according to Mann-Whitney), and in the 2nd group, the activity
of AST exceeded the level of group 1 by 2.6 times (1.3+0.09 mmol/l*h; p<0.05 ac-
cording to Mann -Whitney), and donor indicators by 4.8 times (0.27+0.01 mmol/I*h;
p<0.05 according to Mann-Whitney) (Table 2, (Fig. 2).
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Pict. 2. The level of ALT and AST activity (mmol/I*h) in groups with and

without drug-induced hepatitis

AIAT activity was higher than in donors in both groups 1 and 2. The indicator of
group 1 was 2.7 times higher than the ALT level of donors (1.0£0.04 mmol/I*h;
0.37+0.01 mmol/I*h, respectively; p<0.05 according to Mann-Whitney). In toxic
liver damage (Group 2), ALT activity (1.9£0.07 mmol/L*h) was significantly higher
than in Group 1 (1.9 times; p<0.05 according to Mann-Whitney) and exceeded the
level donors by 5.1 times (p<0.05 according to Mann-Whitney) (table, (Fig. 2).

When studying the parameters of the cholestatic syndrome, we found that the
activity of alkaline phosphatase in the group without toxic liver damage (group 1)
exceeds the level of the donor group by 1.3 times (1.6+0.05 mmol/1*h; 1.284+0 .01
mmol/I*h, respectively). In the presence of drug-induced hepatitis, the level of alka-
line phosphatase becomes even higher, and exceeds the indicators of group 1 by 1.6
times (2.5 = 0.08 mmol /1 * h; 1.6 + 0.05 mmol /1 * h, respectively; p <0.05 Mann-
Whitney). The level of alkaline phosphatase of the 2nd group is 2.0 times higher
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than the level of activity of this enzyme than in donors (p<0.05 according to Mann-
Whitney) (Table 2, Fig. 3).

2,5+
2 4
1,5
1 4
0,5
0 f f f
Donors (n=52) Group of patients without Group of patients with drug-
signs of drug-induced induced hepatitis (group 2)
hepatitis (group 1) (n=68) (n=21)

Pict. 3. The level of activity of alkaline phosphatase (mmol/lI*h) in groups

with and without drug-induced hepatitis

Analyzing the activity of group 2 gamma-glutamyl-transferase with the presence
of toxic hepatitis, we found an increase in its level in relation to donors by 2.5 times
(1321.84+44.7 mmol/I*h; 531.26+1.89 mmol/l *h, respectively; p<0.05 according to
Mann-Whitney) and 1.9 times in relation to the indicators of group 1 (701.0+18.6
mmol/I*h; p<0.05 according to Mann-Whitney) (Fig. 4).
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Pict. 4. Level of gamma-glutamyl transferase activity (mmol/1*h) in groups

with and without drug-induced hepatitis

The level of thymol test was significantly higher than that of donors in both the
Ist and 2nd groups. Thus, the level of this indicator in group 1 was 2.9+0.03 U,
which exceeded the normal value by 1.7 times (1.68+0.02 U; p<0.05), and in the
second group there was an increase of this parameter to 4.8+0.11 U, which is signif-
icantly more than in the 1st observation group by 1.7 times (p<0.05 according to

Mann-Whitney) (Fig. 5).
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Pict. 5. Thymol test level (mmol/L*h) in groups with and without drug-in-
duced hepatitis

Next, we carried out a discriminant analysis, which allowed us to calculate the
laboratory parameters of a group of patients with drug-induced toxic hepatitis, which
most distinguish the 1st and 2nd groups. It was established that the following have
the greatest discriminant properties: AIAT activity (F coefficient = 68.2; p<0.05),
GGTP activity (F coefficient = 52.3; p<0.05), AST activity (F coefficient = 48, 9;
p<0.05) (Figure 6).
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Pict. 6. The value of the intergroup discriminant coefficient F of biochemical

parameters

3.2. Parameters of the FAS fatigue scale in toxic drug-induced hepatitis and
its correlations with biochemical parameters of cytolysis and cholestasis.

We analyzed the results of testing on the Fatigue Assessment Scale (FAS). The
total score ranges from 10 to 50. A total FAS score <22 indicates no fatigue, a score
greater than 22 indicates fatigue.

When analyzing the FAS values in patients of group 1, we found that out of 68
patients, 29 patients (42.6%) had a value from 0-10 points, 26 people (38.2%) had a
value from 11 to 20 points, from 21 to 30 points - 13 people (19.2%), more than 30
points - there were no patients (0%) (figure).

When using the limit of 22 points to verify hepatogenic fatigue in group 1, there
were 13 such patients (19.1%).

In the second group with toxic drug-induced hepatitis, the distribution of scores

was as follows: there were no patients from 0-10 points (0%), from 11 to 20 points
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- there were 2 patients (9.5%), from 21 to 30 points - 11 people (52.4%), more than
30 points - 8 (38.1%) patients (figure).

When using the limit of 22 points to verify hepatogenic fatigue in group 2, there
were 17 such patients (81.0%) (Figure 7).

100% @

B \
80% - \

70% -

30

60% -
OOver 30 points

021 - 30 points |
E11 - 20 points

50% -

40% -

@0 - 10 points
30% -
20% - IEI
10% -
0% -
Group of patients without signs of drug-induced Group of patients with drug-induced hepatitis
hepatitis (group 1) (n=68) (group 2) (n=21)

Fig. 7. Fatigue Assessment Scale (FAS) scores in both groups of patients

When conducting a non-parametric correlation analysis of Spearmen between the
indices of cytolysis and cholestasis and the intensity of hepatogenic fatigue (accord-
ing to the FAS scale), we found a significant correlation: between ALT and FAS -
R = +0.68 (p<0.05), between GGTP and FAS - R=+0.61 (p<0.05), between ALT
and FAS — R=+0.58 (p<0.05). This suggests the possibility of using the FAS scale
for screening verification of hepatogenic fatigue (with a FAS value of more than 22

points) and early laboratory verification of drug toxic liver damage.
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3.3. The possibility of using Celecoxib in combination with cardiotropic drugs.

It could potentially be possible to prescribe Celecoxib (a drug that has a minimal
hepatotoxic effect) as an alternative to Diclofenac. But we have established the po-
tentially most dangerous pharmacokinetic interactions of Celecoxib, as a potent in-
hibitor of CYP2D6, with substrates of this isoenzyme. The simultaneous use of
Celecoxib with the beta-blocker Carvedilol and the calcium channel blocker Dilti-
azem can lead to a negative inotropic, chronotropic effect, a sharp decrease in blood
pressure, bradycardia and collapse.

Drug-drug interactions and analysis between CYP2D6 inhibitors and substrates:

According to drug bank, the drug interactions are as follows with their severity
state (major, moderate, minor):

Celecoxib/Diltiazem: (moderate state):

When Diltiazem is taken with Celecoxib, its metabolism might be slowed. The
impacted medicine is metabolized and the relevant drug is a moderate inhibitor. Con-
current administration may reduce the affected drug's metabolism, resulting in
higher blood concentrations as well as an increased risk and severity of side effects.

Celecoxib/amiodarone: (major state):

When Celecoxib 1s taken with Amiodarone, its metabolism can be slowed. The
impacted medicine is metabolized by CYP3A4, and the relevant drug is a potent
CYP3 A4 inhibitor. Concurrent dosing reduces the affected drug's metabolism, rais-
ing blood concentrations as well as the risk and severity of side effects.

Celecoxib/propafenone: (moderate state):

Propafenone's antihypertensive activity may be reduced by Celecoxib. NSAIDs
can cause vasoconstriction, which raises blood pressure. This can raise the risk of
hypertension in people on beta-blocker anti-hypertensive medications.

Quinidine/propafenone: (major state):

Propafenone is a proarrhythmic drug that can produce new arrhythmias or aggra-
vate pre-existing ones. Because quinidine has the ability to extend the QTc interval,
co-administration of propafenone with quinidine may enhance the degree or severity
of proarrhythmic effects. Furthermore, quinidine is a strong inhibitor of CYP2D6,
which is essential for propafenone 5-hydroxylation. Co-administration of quinidine

with propafenone may make all patients receiving medication slow metabolizers of



28

propafenone, resulting in reduced clearance and higher steady-state propafenone
concentrations. Increased systemic exposure to the medicine may affect the thera-
peutic impact of the treatment and increase the likelihood of drug-related side ef-
fects.

Drug-drug interactions and analysis between P-glycoprotein inhibitors and sub-
strates:

According to drug bank, the drug interactions are as follows with their severity
state (major, moderate, minor):

Nifedipine/losartan: (moderate state):

In certain situations, the use of more than one antiarrhythmic medicine is justi-
fied, but it 1s critical to be aware of the potential risks associated with this combina-
tion. Depending on the substances employed, various pharmacokinetic or pharma-
codynamic pathways may result in an antiarrhythmic medication interaction, offer-
ing a considerable risk of life-threatening cardiac problems. Concurrent use of two
antiarrhythmic drugs may result in additive arrhythmogenic effects, such as exces-
sive expansion of the cardiac QRS complex and/or prolonging of the QT interval.
Furthermore, several antiarrhythmics may displace other drugs from their binding
sites, interfering with their mode of action or changing serum concentrations. Fur-
thermore, Losartan may increase the arrhythmogenic activities of nifedipine.

Spironolactone/Amiodarone: (major state):

When combined with Spironolactone, Amiodarone's metabolism can be slowed.
Serum concentrations have noticeably increased. If the substrate has a narrow ther-
apeutic index, there is only a small serum concentration range within which its ad-
ministration is considered safe, and any potential increases or changes in serum con-
centration would result in an increased risk, incidence, and/or severity of adverse
effects and toxicity associated with exposure to the given substrate.

Nicardipine/lovastatin: (moderate state):

When combined with Nicardipine, the metabolism of lovastatin can be reduced.
Concurrent usage reduces lovastatin metabolism, raising blood concentrations as

well as the risk and severity of side effects such as myopathy and rhabdomyolysis.
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Co-administration of Celecoxib (a CYP2D6 inhibitor) with the indirect anticoag-
ulant Warfarin may lead to an increase in Warfarin concentration and the develop-
ment of symptoms of hypocoagulability. Early symptoms of a decrease in hemo-
coagulation are hematuria, then hemorrhagic rashes appear on the mucous mem-
branes (enanthems) and on the skin (exanthems). If the early symptoms of high con-
centrations are not recognized by the doctor, inhibition of CYP2D6 by Celecoxib

while taking Warfarin may develop internal bleeding with the development of ane-

mia, tachycardia, melena (Figure 8).

Celecoxib
Loratadine
Ranitidine
Ketotifen
Haloperidol
Doxorubicin
Ritonavir
Terbinafine
Quinidine
Chlorpromazine
Cimetidine

Pict. 8. Interaction of drugs - substrates and inhibitors of CYP2D6

Co-administration of Celecoxib with amiodarone (a CYP2D6 substrate) may in-
crease the concentration of this antiarrhythmic drug and induce sinus bradycardia,
ventricular arrhythmia, and liver toxicity. The induction of a negative inotropic ef-
fect can lead to a sharp decrease in blood pressure, collapse and poor outcome (Fig-
ure 8).

The potentially dangerous interactions of Celecoxib with cardiotropic drugs

found are more significant than its low hepatotoxicity, which makes it possible not
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to recommend its appointment in clinical practice in therapeutic patients with heart

pathology.

FINDINGS

1. In the analysis of 89 extracts from the medical history of patients with cardiac
pathology (53 men and 36 women) aged 42 to 68 years, it was found that the
most common cause of the development of drug toxic liver damage from
NSAID preparations was Diclofenac (in 21 patients; 23.6 %).

2. Toxic liver damage was accompanied by a significant increase in the concen-
tration of total bilirubin up to 18.3+0.2 umol/l, which was 2.9 times higher
than in the group without toxic liver damage (6.3+0.1 umol/l; p<0, 05 accord-
ing to Mann-Whitney), an increase in AST activity by 2.6 times (1.3+0.09
mmol/I*h; 0.5£0.07 mmol/lI*h, respectively; p<0.05 according to Mann -
Whitney), an increase in ALT activity by 1.9 times (1.9+0.07 mmol/l*h;
p<0.05 according to Mann-Whitney).

3. In the event of toxic damage to the liver, cholestasis indicators also increased
- alkaline phosphatase activity increased by 1.6 times (2.5+£0.08 mmol/I*h;
1.6+0.05 mmol/I*h, respectively; p<0, 05 according to Mann-Whitney) and
GGTP activity by 1.9 times (1321.8+44.7 mmol/I*h; 701.0+18.6 mmol/I*h;
p<0.05 according to Mann-Whitney). Also significantly, by 1.7 times, the
level of thymol test increased to 4.8+0.11 U (p<0.05).

4. The highest discriminant intergroup properties in toxic liver damage are:
AIAT activity (F coefficient = 68.2; p<0.05), GGTP activity (F coefficient =
52.3; p<0.05), AST activity (F coefficient = 48.9, p<0.05).

5. When conducting a non-parametric Spearman correlation analysis between
the indices of cytolysis and cholestasis and the intensity of hepatogenic fatigue
(according to the FAS scale), we found a significant correlation: between ALT

and FAS - R=1+0.68 (p<0.05), between GGTP and FAS - R=+0.61 (p<0.05),
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between ALT and FAS — R=+0.58 (p<0.05). Thus, for early screening verifi-
cation of drug-induced toxic hepatitis, it is advisable to use the Fatigue Scale
(FAS). If the total FAS coefficient exceeds more than 22 points, patients need
in-depth clinical and biochemical examination and hepatotropic treatment.

. Potentially, it could be possible to prescribe Celecoxib (a drug with minimal
hepatotoxic effect) as an alternative to Diclofenac. But we have established
the potentially most dangerous pharmacokinetic interactions of Celecoxib, as
a potent inhibitor of CYP2D6, with substrates of this isoenzyme. The simul-
taneous use of Celecoxib with the beta-blocker Carvedilol and the calcium
channel blocker Diltiazem can lead to a negative inotropic, chronotropic ef-
fect, a sharp decrease in blood pressure, bradycardia and collapse.

. Co-administration of Celecoxib (a CYP2D6 inhibitor) with the indirect anti-
coagulant Warfarin may lead to an increase in Warfarin concentration and the
development of symptoms of hypocoagulability. Co-administration of
Celecoxib with amiodarone (a CYP2D6 substrate) may increase the concen-
tration of this antiarrhythmic drug and induce sinus bradycardia, ventricular
arrhythmia, and liver toxicity. Found potentially dangerous interactions of
Celecoxib with cardiotropic drugs are more significant than its low hepato-
toxicity, which does not allow it to be prescribed in therapeutic patients with

heart pathology.
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