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ABSTRACT

Objective: This study, it was aimed to examine the effects of Tocilizumab and Dexamethasone on the liver in rats in which
the acute lung injury model was created with Oleic acid. Materials and Methods: Thirty-six male rats were used as study
material and were divided into six groups as Control, OA, TCZ and DEX. All groups except the control group received OA
intravenously and after OA injections other compounds were administered intravenously (DEX 0.1 mg/kg and DEX 10 mg/kg,
TCZ 2 mg/kg and TCZ 4 mg/kg). Results: It was determined that hydropic degeneration increased in hepatocytes in OA+
DEX 10 group rats compared to other groups (p<0.05). Vacuole formation in hepatocytes in OA+TCZ 2 and 4 groups was
found to be similar to the control group (p<0.05). In addition, necrosis in hepatocytes and narrowing of sinusoids were detected
more severely in OA+DEX (0.1 and 10 mg/kg) groups. Conclusion: As a result, it was determined that high dose
Dexamethasone had hepatotoxic effect. It is thought that liver function tests should be performed and evaluated to determine
the hepatotoxic effects of drugs to be used in the treatment of patients with COVID/19 ARDS.
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Oleik Aside Bagh Akut Akciger Hasar1 Modeli Olusturulan Ratlarda Tocilizumab ve
Deksametazon'un Karaciger Uzerine Etkilerinin Histopatolojik Olarak incelenmesi

0oz

Amag: Bu ¢alismada, oleik asit ile akut akciger hasar1 modeli olusturulan ratlarda Tocilizumab ve Deksametazon'un karaciger
izerindeki etkilerinin incelenmesi hedeflenmistir. Gere¢ ve Yontem: Calisma materyalini otuz alt1 erkek rat olusturdu ve
CN, OA, TCZ ve DEX olmak iizere alt1 gruba ayrildi. Kontrol grubu disindaki tiim gruplar intravendz olarak OA verildi. OA
enjeksiyonlarindan sonra diger bilesikler intravendz olarak uygulandi (DEX 0.1 mg/kg ve DEX 10 mg/kg, TCZ 2 mg/kg ve
TCZ 4 mg/kg). Bulgular: OA+DEX 10 grubu siganlarda hepatositlerde hidropik dejenerasyonun diger gruplara gore arttigi
belirlendi (p<0.05). OA+TCZ 2 ve 4 gruplarinda hepatositlerde vakuol olusumu kontrol grubuna benzer bulundu (p<0.05).
Ayrica OA+DEX (0,1 ve 10 mg/kg) gruplarinda hepatositlerde nekroz ve siniizoidlerde daralma daha siddetli oldugu goriildii.
Sonug: Yiiksek doz deksametazonun hepatotoksik etki gosterdigi belirlendi. COVID-19/ARDS hastalarinin tedavisinde
kullanilacak ilaglarmn hepatotoksik etkilerinin belirlenmesi i¢in karaciger fonksiyon testlerinin yapilmasi ve degerlendirilmesi
gerektigi diistiniilmektedir.
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INTRODUCTION

Acute respiratory distress syndrome (ARDS) is a
serious clinical disorder that causes pulmonary edema
and oxygenation disorder as a result of increased
permeability of alveolar epithelium and pulmonary
capillary endothelial cells due to various causes such
as sepsis, shock, trauma, pneumonia, endotoxemia,
burns, and organ transplantation (Koh, 2014). Liver
function is increasingly recognized as an important
determinant in the pathogenesis of ARDS and also
significantly influences the prognosis of these
patients (Herrero et al., 2020). It is also thought to
exacerbate liver diseases in ARDS patients, with
mechanisms including hypoxemia, activation of
systemic inflammatory responses, and cardiovascular
changes (Patterson et al., 2013; Yang et al., 2019). In
these patients, deficiencies occur in many organs and
may lead to death (Akella et al., 2014; Schwartz et al.,
1989).

ARDS animal model is created with oleic acid (OA)
(Schuster, 1994), lipopolysaccharide-induced injury
(LPS-intratracheal or intravenous) (Wiener-Kronish
etal., 1991), bleomycin (Moore & Hogaboam, 2008),
ventilator-induced lung injury (VILI) (Slutsky &
Ranieri, 2013). Among these models, OA is preferred
as the most similar to ARDS in humans. (Matute-
Bello et al., 2008). OA is directly toxic to endothelial
cells in the lung. (Beilman, 1995). It also triggers
intracellular pathways resulting in lung cell death,
causing necrosis and inducing capillary congestion
and interstitial/interalveolar edema (Matute-Bello et
al., 2008). In addition, oleic acid 18:1(n-9), a
monounsaturated fatty acid (MUFA), induces
steatosis in hepatocytes with decreased insulin
sensitivity by stimulating the accumulation of
metabolites derived from increased ROS in
hepatocytes, fatty acid synthesis, and fat-derived
metabolites that inhibit insulin signaling and action
(Browning & Horton, 2004; Canbay et al., 2005).
Corticosteroids are considered to represent an
effective treatment for patients with ARDS (Sun et
al., 2019). Glucocorticoids are widely used as
therapeutic agents against many diseases, including
inflammation, asthma exacerbations, autoimmune
diseases, allergic reactions, inflammatory bowel
disease, autoimmune diseases and cancers (Wan et
al., 2012). Due to its strong anti-inflammatory effect,
dexamethasone is widely prescribed and this drug has
significant side effects such as hyperglycemia, insulin
resistance, fatty liver, and type Il diabetes (Patel et al.,
2011).

Today, antibody therapy is promising in the treatment
of many diseases, with the development of
technology. TCZ (Actemra®; Hoffman-La Roche,
Basel, Switzerland) is a neutralizing humanized
monoclonal antibody against the human interleukin-6
(IL-6) receptor capable of blocking soluble and
membrane-bound receptors (Drucker et al., 2010;
Oldfield et al., 2009). TCZ is widely used in the
treatment of diseases such as rheumatoid arthritis
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(Tanaka et al., 2010), juvenile rheumatoid arthritis
(Sukharomana et al., 2019), inflammatory bowel
disease, adult-onset Still's disease (AOSD). Also, in
recent years, TCZ Tocilizumab (TCZ), has been
preferred in the treatment of ARDS caused by Covid-
19 (Luo et al., 2020). TCZ has been found to cause
some important side effects such as elevation of liver
enzymes and low-density lipoprotein, infections, and
gastrointestinal perforations (Muhovi¢ et al., 2020).
This study, it was aimed to histopathological examine
the effects of TCZ and Dexamethasone on the liver in
rats with Acute Lung Injury Model created with oleic
acid.

MATERIAL AND METHODS

Experimental methods

The animals were purchased from Bolu Abant Izzet
Baysal University Medical Experimental Research
and The Experimental Study was carried out at
Kastamonu University in 2021.

ARDS model in rats was with oleic acid (OA). The
experimental study material was formed thirty-six
male Wistar albino rats, 12 weeks old, and weighing
from 200 to 220 g. Rats were kept in at temperatures
ranging between 19 °C and 22 °C (21+2 °C), with a
standard 12-h light-dark cycle. Animals were
separated into 6 groups as follows:

Grup 1: Control (CN)

Grup 2: Oleic Acid (OA)

Grup 3: OA+TCZ 2 mg/kg (OA + TCZ 2)

Grup 4: OA+TCZ 4 mg/kg (OA + TCZ 4)

Grup 5: OA+DEX 0.1mg/kg (OA+DEX 0.1)

Grup 6: OA+DEX 10 mg/kg (OA+DEX 10)

50 uL of OA was dissolved in 250 puL of 1% BSA and
administered intravenously to all groups except the
control group. Six hours after intravenous
administration of oleic acid, 2 doses of
dexamethasone and TCZ were given 6 hours apart.
Rats were euthanized by cervical dislocation 24 hours
after oleic acid administration. Systemic necropsy of
rats was performed and liver was fixed in 10%
formaldehyde solution.

Histopathological methods

The tissues were cut and moved to the cassettes.
Routine pathology follow-up was done after the
cassettes were cleaned under running water, and
paraffin was blocked. Hematoxylin-eosin staining
was conducted on 5 um thick pieces of paraffin
blocks cut in a microtome and mounted on adhesive
slides filled with a coverslip. Sections were examined
under a light microscope. Histopathological changes,
degree and extent of change: -(0): none, +(1): mild
occurrence, ++(2): moderate occurrence, +++(3):
according to severe occurrence as stated by Erol et al.
(2019).

Statistical analysis

IBM SPSS Statistics 25.0 software was used for
comparing the histopathology results. All values are
presented as the meantstandard deviation.
Histopathological data were analyzed using non-
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parametric statistics using the Kruskal-Wallis H test
followed by the Mann-Whitney U test as post-hoc.
The value of p<0.05 is considered statistically
significant.

Ethical considerations

This study was approved by Local Ethics Committee
of Animal Experiments of Kastamonu University
(Approval no: E.50144-6/31).

RESULTS

Histopathological results

Hydropic degeneration, which is defined as the
swelling of hepatocytes with water, was observed in
other groups except for the control and OA+TCZ 2
groups (Fig 1A, D, E and Fig 2A, B). It was
determined that hydropic degeneration in hepatocytes
was statistically significantly higher in rats using
dexamethasone 10 mg/kg (Fig 1D) together with oleic

acid (p<0.05). In the OA+TCZ 4 groups (Figure 1C),
mild swelling was detected in hepatocytes, while
vacuole formation was found to be the same as in the
control group. Vacuole formation in hepatocytes of
OA and OA+DEX 0.1 group rats was more severe
than other groups (Fig 1D) (p<0.05). Necrosis in
hepatocytes and narrowing of sinusoids were found to
be statistically significantly increased in OA+DEX
0.1 and OA+DEX 10 groups compared to OA+TCZ
2 and OA+TCZ 4 groups (Fig 2C and Fig 3A).
Among the experimental groups, congestion (Fig 3C)
with Kupffer cells, which are the defense cells of the
liver, was not statistically significant. While cell
infiltration in the portal area was determined in all
groups, it was observed that it was more severe in the
liver of rats given only OA+DEX 10 group (Fig 3B)
(p<0.05).

Figure 1. Hematoxylin-eosin staining. Liver. A) Mild hydropic degeneration (black arrow) in hepatocytes
and congestion (red arrows) in sinusoids, (OA Group). B) Mild swelling of hepatocytes and narrowing of
sinusoids. Bar: 50um, (OA+TCZ 2 Group). C) Mild swelling in hepatocytes and increase in Kupffer cells.
Bar: 50pm (OA+TCZ 4 Group). D) Moderate hydropic degeneration (black arrows) and vacuole
formation in hepatocytes (OA+DEX 0.1 Group). Bar: 50um. E) Severe hydropic degeneration of
hepatocytes (black arrows) and narrowing of sinusoids (OA+DEX 10 Group). Bar: 50pum
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Figure 2. Effects of Tocilizumab (TCZ) and Dexamethasone (DEX) on the liver hydropic degeneration in
hepatocytes (A), vacuole in hepatocytes (B), and necrosis in hepatocytes (C) in ARDS rats. Data presented
mean value + standard deviation, significant differences (p<0.05) are marked with a, b, cand d
superscripts.
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Figure 3. Effects of Tocilizumab (TCZ) and Dexamethasone (DEX) on the liver sinusoids narrowing (A),
cell infiltration in the portal area (B), and congestion (C) in ARDS rats. Data presented mean value +
standard deviation, significant differences (p<0.05) are marked with a, b and ¢ superscripts.

DISCUSSION

Oleic acid (OA; cis-9-octadecenoic acid), a
monounsaturated fatty acid, is preferred in ARDS models
because it causes pulmonary vascular endothelial cell
damage, increased capillary membrane permeability,
polymorph nuclear leukocyte infiltration, activation of
oxidation enzymes, and cytokine release (Beilman, 1995;
Koksel et al., 2005) and it is used in the evaluation of
potential therapeutic agents against disease (Bulmus et
al.,, 2013; Lee et al, 2011). OA also causes fat
accumulation in hepatocytes and hepatic steatosis (Kang
etal., 2013; Ziamajidi et al., 2013). In the study, vacuole
formation was detected in hepatocytes of rats treated with
oleic acid, and these histopathological findings were
similar to previous studies (Ducheix et al., 2017;
Ziamajidi et al., 2013) on the effect of oleic acid on
hepatocytes.

The liver is the main organ in the metabolism and
excretion of toxins and drugs, modulation of immune and
host defense (Herrero et al., 2020), making it a higher risk
of toxic damage by drugs and/or their metabolites
compared to other organs (Bleibel et al., 2007). Many
drugs are known to cause degeneration of hepatocytes,
steatosis and steatohepatitis and cirrhosis (Kleiner,
2009). High-dose therapeutic use of glucocorticoids may
lead to hepatic enlargement, steatosis, or glycogenosis
with extensive glycogen deposition in hepatocytes
(Mikiewicz et al., 2017). Dexamethasone, a synthetic
glucocorticoid, can affect some important functions of
liver hepatocytes, such as the induction of cytochrome
P4503A (CYP3A4) and the oxidative metabolism of
xenobiotics, glucose metabolism, and the urea cycle
(Okun et al., 2015; Pascussi et al., 2001). In addition,
Dexamethasone is thought to affect the Sodium-
Potassium (Na-K) pump by reducing the number of
mitochondria, oxidative phosphorylation, and active
respiration in hepatocytes (Roussel et al., 2004). This
may cause electrolyte imbalance, increase osmotic
pressure, swelling of cells, leakage of hydrolytic
enzymes, and macromolecular crowding (Abdelhalim &
Jarrar, 2011). In the study, it was determined that
hydropic degeneration in hepatocytes was higher in rats
using oleic acid and dexamethasone 10 mg/kg compared
to other groups (p<0.005). It shows that the use of high-
dose dexamethasone causes hydropic degeneration by

disrupting the Sodium-Potassium (Na-K) balance in the
hepatocyte.

TCZ, an IL-6 receptor blocking agent recommended for
the treatment of COVID-19, is widely used in the
treatment of autoimmune disorders such as refractory
rheumatoid arthritis and systemic juvenile idiopathic
arthritis (sJIA) (De Benedetti et al., 2012). TCZ is a
recombinant humanized, anti-human monoclonal
antibody against soluble and membrane-bound
interleukin 6 receptors (IL-6R). Headache and
hypertension are the most common side effects of
tocilizumab, and hepatotoxicity, ranging from rare to
serious drug-induced liver injury (DILI), occurs
(Muhovi¢ et al., 2020). Data on hepatotoxicity in patients
using tocilizumab in the treatment of COVID-19 are
reported to be limited (Serviddio et al., 2020). However,
mild to moderate elevations of transaminases and drug-
induced liver injury have been reported in patients treated
with tocilizumab (Serviddio et al., 2020). Mahamid et al.
(2011) detected histopathological findings such as focal
haemorrhagic necrosis, steatosis, and perisinusoidal
fibrosis without cellular infiltrates in the liver biopsy of a
patient treated with tocilizumab. In this study, unlike
other studies, a histopathologic examination of the liver
of rats, administered tocilizumab (2 and 4 mg/kg)
together with oleic acid, no vacuole formation and
necrosis were observed, but only mild swelling was
detected in cells.

CONCLUSION

In the study, it was determined that high doses of
dexamethasone had a hepatotoxic effect. It is thought that
liver function tests should be performed and evaluated in
order to determine the hepatotoxic effects of drugs to be
used in the treatment of patients with COVID/19 ARDS.
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