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ABSTRACT

BACKGROUND: The use of acetaminophen (APAP) is increasing recently, especially with COVID-19
outbreaks. APAP is safe at therapeutic levels, however, an overdose can cause severe liver injury. This
study aims to explore possible mechanisms involved in APAP-induced hepatotoxicity and compare different
hepatoprotective agents, namely vitamin E, hydrogen sulfide (H,S) and necrostatin-1 (NEC-1).

METHODS: Adult male albino rats were divided into groups: Control group, APAP-induced hepatotoxicity
group, Vitamin E-treated group, H,S-treated group and NEC-1-treated group. Serum levels for aspartate
aminotransferase (AST), alanine aminotransferase (ALT), interleukin-33 (IL-33), tumor necrosis factor alpha
(TNF-a), reduced glutathione (GSH) and lipid profile were measured. Histopathological examinations of liver
tissue with H&E stain and immunohistochemistry for activated caspase-3 were also done.

RESULTS: APAP-treated group showed elevated liver transaminases, hyperlipidemia, and deficient liver
anti-oxidative response together with disturbed hepatic architecture and increased immune-expression of
activated caspase-3 in hepatic tissue. Pretreatment with vitamin E, H,S or NEC-1 reversed the affected
parameters. Vitamin E and H,S showed greater improvement when compared to NEC-1.

CONCLUSION: Vitamin E, H,S and NEC-1 showed protective effects against APAP-induced hepatotoxicity,
thus they may be used as an adjuvant therapy when APAP is indicated for long periods as is the case in

COVID-19 patients (Tab. 2, Fig. 2, Ref. 45). Text in PDF www.elis.sk
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Introduction

With recent COVID-19 outbreaks and current pandemic sta-
tus, there is a high demand and overuse of acetaminophen (APAP)
as part of the symptomatic management of its associated febrile
manifestations (1, 2). Hence, there is a strong urge to study the
hazardous effects of APAP on liver parenchyma with subsequent
hepatotoxicity secondary to its overuse.

APAP has been used in medical practice as an analgesic and
antipyretic drug with concern and close attention paid to its main
side effects on liver tissue (1). However, the unexpected and un-
controlled worldwide pandemic placed the medical practitioners
and scientists in a critical situation requiring the decision whether
to treat COVID-19 patients with therapy targeting the virus or em-
ploy symptomatic treatment of its clinical manifestations. One of
the most obvious manifestations is pyrexia and generalized body
aches which required a safe and strong antipyretic and analgesic,
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and accordingly, APAP has returned to the top of the list of drugs
to be investigated in terms of safety and possible side effects.

APAP is a safe drug at therapeutic levels. However, its over-
dose can cause severe liver injury in animals and humans (3, 4). The
mechanisms by which APAP induces hepatotoxicity are complex and
despite substantial progress in understanding the involved mecha-
nisms during the last decades, many details are still unknown (5, 6).

Choosing an animal model of hepatotoxicity was a prerequi-
site to start the study. APAP-induced hepatotoxicity in rats was
chosen because it induces hepatotoxicity with metabolic features
that are the same as in humans (7).

The current study is an attempt to investigate the different patho-
physiological mechanisms involved in APAP-induced hepatotoxi-
city including inflammatory response, oxidative stress and different
cell death pathways. In addition, we will assess the role of three dif-
ferent hepatoprotective agents; necrostatin-1, vitamin E, and hydro-
gen sulfide (H,S) in guarding against APAP-induced hepatotoxicity.

Materials and methods

Animals

Fifty adult male albino rats of local strain weighing between
150-250 grams were used throughout the present study. Rats were
housed at room temperature with normal day/night cycles. They
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were fed with standard diet of commercial rat chow and tap wa-
ter and left to acclimatize to the environment for two weeks prior
to their inclusion in the experiment. The principles of laboratory
animal care were followed according to the NIH Guidelines for
the Care and Use of Laboratory Animals (8), and the experimen-
tal procedures used in this study were approved by the Animal
Care and Use Committee of Faculty of Medicine, Minia Univer-

sity, Egypt.

Experimental protocol
The rats were randomly divided into groups (10 rats each)

as follows:

1) Control group: The rats received a single intraperitoneal injec-
tion (ip) of vehicle (olive oil or dimethyl sulfoxide (DMSO).

2) Acetaminophen-treated group (APAP group): Each rat of this
group received paracetamol (APAP) dissolved in saline at
a dose level of 2 gm/kg body weight given as a single dose
orally by oral gavage (9).

3) Acetaminophen + vitamin E (APAP+ vitamin E) group: Each
rat of this group received pretreatment with vitamin E diluted
in olive oil at a dose of 100 mg/kg body weight received as a
single ip dose 24 hours before receiving APAP (10).

4) Acetaminophen + sodium hydrosulfide (NaHS; H2S donor)
(APAP+H2S) group: Each rat of this group received pretreat-
ment with NaHS dissolved in saline at a dose level of 56
umol/kg for 2 consecutive days by ip injection before receiv-
ing APAP (11).

5) Acetaminophen + necrostatin-1 (APAP-+necrostatin-1) group:
Each rat of this group received pretreatment with necrostatin-1
dissolved in 2 % DMSO in a phosphate buffered saline at a
dose level of 1.8 mg/kg taken as a single ip injection] hour
before receiving APAP (12).

Specimen collection

At the end of the experimental period and after overnight fast-
ing, the rats were anaesthetized by light ether anesthesia. Blood
samples were withdrawn from the abdominal aorta, collected into
clean autoclaved tubes, left to clot at room temperature and then
centrifuged at 3000 rpm for 15 min in a cooling centrifuge. The su-
pernatant serum was then withdrawn into labeled Eppendorf tubes
and stored at —20 °C until assayed for different parameters. After
that, the liver of each rat from each group were excised, flushed
with ice-cold saline, cleaned from blood and a piece from each

liver was stored in 10 % formalin to be used for histopathological
and immuno-histochemical examination.

Chemical assays

The collected sera were used for estimation of levels of ala-
nine transaminase (ALT), aspartate transaminase (AST), total
cholesterol (TC), triglycerides (TG), HDL cholesterol (Biostc Co.,
EGYPT) and serum reduced glutathione (GSH) (Elabscience Bio-
technology Co., Ltd., USA) by using direct colorimetric method.
Serum LDL cholesterol level was determined using an equation
as follows: LDL cholesterol conc. (mg/dl) = total cholesterol —
(Triglycerides/5) — HDL cholesterol.

The determination of serum interleukin-33 (IL-33) and serum
tumor necrosis factor-a (TNF-a) was done by enzyme-linked im-
munosorbent assay (ELISA) by following the manufacturer pro-
tocol (Bioassay Technology laboratory).

Histological procedures

Parts of rats” livers which were fixed in 10 % neutral buft-
ered formalin solutions were processed for preparation of paraffin
blocks. Six-micrometer sections were cut, mounted on glass slides,
deparaffinized with xylene, rehydrated and used for hematoxylin
and eosin (H&E) staining using standard techniques (13).

Other sections were immune-stained for caspase-3 according
to the manufacture’s guidelines.

The sections were examined, and images were digitally cap-
tured using a high-resolution color digital camera (Olympus, To-
kyo, Japan) mounted on the microscope (Olympus, Tokyo, Japan),
connected to a computer.

Image J 22 software (open source Java image processing pro-
gram) was used for area fraction measurement of the activated
caspase-3 immune-positivity. The area fraction was measured
in a standard measuring frame per 5 photomicrographs in each
group using a magnification X 1,000 light microscope transferred
to the monitored screen. Areas containing positively immuno-
stained tissues were used for evaluation regardless of the inten-
sity of staining (14)

Statistical analysis of results

Statistical analysis for numerical data was done by SPSS
(IBM corp., Version 20). The mean (M) and standard error (SE)
were determined for parameters in each group. The significance
of differences observed in these groups was assessed by Kruskal-

Tab. 1. Liver transaminases, IL- 33, TNF-a and GSH levels in different groups.

Groups (n=10)

Parameters Control APAP APAP + Vitamin E APAP + H S APAP + necrostatin-1
Serum ALT (U/L) 17.55+0.95 43.13+2.48* 25.08+4.892b 20.44+ 3.1° 35.52+4,79+bed
Serum AST (U/L) 93.04+9.99 166.3+£12.27¢ 108.44+9.2%0 99.36:+8.44° 135.43+13.23%bed
Serum TNF-a (ng/L) 17.08+3.83 43.64+4.66° 25.29+4.51%> 20.24+3.13° 34.59+3.13%bcd
Serum IL-33 (ng/L) 40.95+5.15 97.55+ 14.82* 51.69+6.8>" 45.54+ 6.94° 79.19+£8.83% b d
Serum GSH (umol/L) 72.97+3.7 33.94 +2.02° 55.07+4.96%¢ 64.45+ 3,155 49.94+4.15%>¢

Data represent mean + S.E of observations from ten animals. n: number of rats in each group. : significant difference from control group, ": significant difference from APAP
group, °: significant difference from (APAP + H,S) group, ¢ significant difference from (APAP + vitamin E) group. Significance: p < 0.05. ALT: alanine transaminase, AST:
aspartate transaminase, APAP: acetaminophen. H,S: hydrogen sulfide, TNF-a: tumor necrosis factor alpha, IL-33: interleukin-33. GSH: reduced glutathione
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Tab. 2. Effects of different lines of treatment on serum lipid profile.

Groups (n=10)

Parameters Control APAP Treated APAP + Vitamin E APAP + H S APAP + necrostatin-1
Total cholesterol (mg/dl) 126.22+11.49 186.13+9.39* 138.55+13.56° 132.23+£8.03" 154.54+11.5%bed
Serum triglycerides (mg/dl) 61.89+5.1 136.88+9.19* 71.88+7.9° 79.36+7.03° 106.32+4.49xbd
Serum HDL cholesterol (mg/dl) 45.63+4.3 30.79+2.742 49.59+3 .43 45.85+4.07° 37.4+]1.95%bed
Serum LDL cholesterol (mg/dl) 68.23+4.2 127.96+10.11° 71.34£9.5° 68.5+5.09° 90.88+7.274bcd

Data represent mean + S.E of observations from ten animals. n: number of rats in each group. *: significant difference from the control group, ®: significant difference from
APAP group, : significant difference from (APAP + H,S) group, *: significant difference from (APAP + vitamin E) group. Significance: p < 0.05. HDL: high density lipo-

protein, LDL: low density lipoprotein, APAP: acetaminophen, H,S: hydrogen sulfide.

Wallis test and post hoc test. The significance was determined as
a probability factor (p-value) < 0.05.

Results

Changes in liver injury markers; alanine transaminase (ALT)
and aspartate transaminase (AST) in different groups

The data presented in Table 1 show that serum alanine trans-
aminase (ALT) and aspartate transaminase (AST) were signifi-
cantly increased in the APAP-treated group as compared to the
control group. The administration of vitamin E, H,S, and necro-
statin-1 significantly decreased the liver enzymes as compared to
the APAP group. However, vitamin E and H,S were more effec-
tive than Necrostatin-1 in reducing the elevated liver enzymes.

Changes in serum IL-33, TNF-a and GSH level in different groups

The inflammatory markers, tumor necrosis factor alpha
(TNF-a) and interleukin-33 (IL-33) were significantly increased
in the APAP-treated group as compared to the control group. The
pretreatment with vitamin E, H S, or necrostatin-1significantly
reduced these inflammatory markers. The strongest anti-inflamma-
tory effect, almost reaching the control level, was obtained by H,S
administration, while necrostatin-1 produced the weakest effect.
The serum reduced glutathione (GSH) was significantly decreased
in the APAP-treated group when compared to the control group.
The administration of vitamin E, H,S or necrostatin-1 significantly
increased the serum GSH level, albeit its level in these groups was
still significantly lower than that in the control group. As shown
in Table 1. H,S produced the best effect as to the increase in GSH
level, while the administrations of vitamin E or necrostatin-1 have
almost similar effects.

Changes in serum lipid profile in different groups

The data presented in Table 2 show that serum total cholesterol
level (TC), triglycerides (TG) and low-density lipoprotein (LDL)
were significantly increased, while serum high density lipoprotein
(HDL) level was decreased in APAP-treated group when com-
pared to the control group. The administration of either vitamin
E, H,S, or necrostatin-1 reduced this deterioration in lipid profile
as indicated by the significantly lower TC, TG and LDL levels
and significantly higher HDL level. Necrostatin-1 administration
produced the weakest effect, while the effects of vitamin E and
H,S were almost equal.
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Histopathological and immuno-histochemical results
Hematoxylin and eosin-stained section:
— Liver sections of the control group showed normal lobular ar-
chitecture (Fig. 1a). Hepatocytes radiated from the central vein in
cords, forming anastomosing fenestrated plates separated by the
hepatic sinusoids. The portal tracts contained branches of hepatic
artery, portal vein and bile duct. The hepatocytes were polyhedral
with acidophilic finely granular cytoplasm and large central ve-
sicular nuclei with prominent nucleoli.
— The examination of sections in the APAP group (Fig. 1b)
showed a disrupted lobular architecture with massive interstitial
hemorrhage. Marked hepatic injury especially around the central
vein was observed in form of sinusoidal dilatation and massive
congestion with mononuclear inflammatory cellular infiltration.
Numerous degenerated hepatocytes appeared either apoptotic with
deeply acidophilic cytoplasm and dark small nuclei or with foamy
vacuolated cytoplasm and deformed nuclei. Interestingly, some
areas exhibited a marked recruitment of inflammatory cells in the
vicinity of the portal tract with prominent vascular congestion.
— (APAP + vitamin E) group showed marked morphological
restoration in form of a preserved general lobular architecture
with lacking evidence of major morphological injury as com-
pared to the APAP group. Most hepatocytes had a more or less
normal appearance and were arranged in cords while their nuclei
had normal vesicular appearance with scarcely seen degenerated
cells. Some vascular congestion, slightly dilated blood sinusoids
and few small foci of mononuclear inflammatory cells infiltration
were observed (Fig. 1c).
— The APAP + H,S group showed no obvious differences as
compared to the APAP + vitamin E group where restoration of
normal lobular architecture with few foci of degenerated cells
were observed. (Fig. 1d).
— The APAP+Necrostatin-1 group showed also a restoration of
lobular architecture, but with more intensive vascular congestion
and numerous degenerated foci which were fatty degenerations
as compared to the APAP + vitamin E and APAP + H,S groups
(Fig. le).

Effects of different treatments on the immuno-expression of
activated caspase-3

Liver sections of control group displayed normal lobular ar-
chitecture with no detectable immunolabelling for activated cas-
pase-3. APAP-treated group showed an obviously high immunola-
belling for activated caspase-3. Pre-treatment of rats with vitamin
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Fig. 1. Representative photomicrographs of
rat liver tissue from (a) control group show-
ing normal lobular architecture; polygonal
hepatocytes arranged in plates (lines) with an
-3 acidophilic granular cytoplasm and rounded
23 vesicular nuclei (arrows) radiating from the
1 central veins (CV) and separated by blood
sinusoids (S). Inset: portal tract containing
branches of the portal vein (PV), hepatic ar-
tery (HA), and bile duct (D), (b) APAP group
showing disturbed lobular architecture with
massive sinusoidal dilatation and congestion (S), mononuclear inflammatory cells infiltra-
tion (circle) and degenerated apoptotic hepatocytes (arrows). N.B.: degenerated hepatocytes
with foamy vacuolated cytoplasm and deformed nuclei (arrows, inset), (c) APAP +vitamin
E group showing restored normal lobular architecture with minimal congestion of slightly
dilated blood sinusoids (S), small foci of mononuclear inflammatory cells infiltration (circle)
and few apoptotic hepatocyte (arrowhead), (d) APAP + H2S group showing restored normal
lobular architecture, few foci of degenerated cells (inset, circle), some degenerated hepatocytes
surrounding central vein (CV): either small with deep acidophilic cytoplasm and dark small
nuclei (arrows) or with vacuolated cytoplasm (arrow heads), (¢) APAP+necrostatin-1 showing
restored normal lobular architecture with central vein (CV) congestion, slightly dilated blood
sinusoids (S), small foci of mononuclear inflammatory cells infiltration (arrow) and scattered
foci of fatty degenerations (inset, arrows); H&E x 400

Discussion

Acetaminophen (APAP) is the most
widely used antipyretic and analgesic drug.
It is considered to be safe at the recommend-
ed therapeutic concentrations. However, an
overdose of APAP can cause severe liver
damage resulting in ALI and acute liver
failure (ALF). Among the different animal
models, the model of APAP-induced liver
injury is widely used because it is avail-
able and cheap, while inducing hepatotox-
icity with the same metabolic features as
in humans (7). This model is even more
important now with a potentially signifi-
cant increase in the use of APAP owing to
the COVID-19 pandemic (2). That is why
it was selected in the current study.

In the present study there was a signifi-
cant increase in the serum level of ALT and
AST along with disturbed hepatic architec-
ture as seen in the histological images, thus
indicating liver injury induced by APAP in
the APAP-treated group as compared to the
control one. Elevated serum levels of ALT
and AST are indicative of the loss of func-
tional integrity of hepatic cell membranes,
and consequential release of the latter en-
zymes into the circulation after hepatocellu-
lar damage. These results come in line with
previous studies (15, 16), and (17).

The serum GSH level was significant-
ly decreased in the APAP-treated group as
compared to the control group. GSH is one
of the most common biologic non-enzy-
matic antioxidants. Its function includes the
removal of free radicals such as H,0, and
superoxide anions, maintenance of mem-
brane protein thiols and action as a substrate
for glutathione peroxidase and glutathione

E and necrostatin-1 showed few scattered immunolabeled cells.
In the APAP+H,S group, the caspase-3 immunolabeled cells were
completely abolished. The immunolabeling was mainly confined
to hepatocytes and some endothelial cells. The expression was
mostly cytoplasmic (Fig. 2).

Scoring for active caspase-3 of different experimental groups

The apoptotic marker, caspase-3, was significantly increased in
the APAP-treated group (8.33 £ 1.63) as compared to the control
group (0.67 £ 0.08). The treatment with either vitamin E, H,S, or
necrostatin-1 significantly reduced the apoptotic marker. The best
improvement was produced by H,S administration. Its effect was
the closest to the result seen at the control level (0.5 + 0.05), while
the administration of vitamin E and necrostatin-1 produced almost
similar effects: (1.33 £ 0.25 and 1.83 £0.37, respectively (Fig. 2f).

reductase. Thus, a significant decrease in GSH level promoted by
APAP leads to a reduction in the effectiveness of the antioxidant
enzyme defense system, thereby sensitizing the cells to ROS(4).
In addition, GSH serves as a sensitive marker of oxidative stress
and plays an important role in maintaining the integrity of the
cell (18). Another study reported that GSH forms the first line of
defense against oxidative stress by direct interaction of its thiol
group with ROS and/or it can be involved in the enzymatic de-
toxification reaction of ROS as a cofactor or as a coenzyme (19).

The above data implicate that the APAP-induced injurious ef-
fect on the liver can be partly carried out during the period of an
increasing oxidative stress by decreasing GSH (19, 20) and (18,
21). Oxidative stress is one of the major pathways to initiate lipid
peroxidation that consumes HDL which is a free radical scavenger.
This explains the low HDL level seen in this study (22)
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The main role of vitamin E as an anti-
oxidant is well understood to be that of a
scavenger of free radicals, thereby prevent-
ing the depletion of GSH (27). H,S does
not produce the antioxidant effect through
a single mechanism. Multiple targets and
signaling pathways are involved. H,S can
stimulate cellular enzymatic or non-enzy-
matic antioxidants to scavenge free radicals.
This may be secondary to the direct effect

on antioxidants or an indirect action through
activation of various signaling proteins (28).

Nec-1 has no direct antioxidant activity
as compared to vitamin E which is an antio-
xidant by itself. Nec-1 does not act as a scav-
enger. It inhibits receptor-interacting protein
kinase 1 (RIPK1) which is the key mediator
of cells” death, inflammation, and necro-
some formation and on that account, it de-
creases intracellular ROS production; Nec-

1 prevents glutamate-induced toxicity in

liver. Glutamate inhibits cysteine transport

and depletes intracellular GSH levels (29).

TNF-a and IL-33 are inflammatory me-

diators that are believed to promote liver

injury during inflammation. These data

-
&
.
Mean number of Caspase-3
immune positive cells
O = N W Hd» OO N ®© ©

match our finding regarding the significant
increase in these inflammatory cytokines in

Fig. 2. Photomicrographs from liver sections immune-stained for activated caspase-3: (a)
Control group showing no immune reaction, (b) APAP group showing positive fine brown cy-
toplasmic granules in some hepatocytes (arrows) and some endothelial cells (arrows in inset),
(¢) APAP+ vitamin E group showing a decreased positive reaction in few hepatocytes (arrow),
(d) APAP+H,S group showing no immune reaction, (¢) APAP+necrostatin-1 group showing
a decreased positive reaction in few cells (arrow), (f) the mean number of caspase-3 immune
positive cells in the studied groups (n=10). a: significant difference from the control group,
b: significant difference from the APAP group, c: significant difference from (APAP+H2S)
group, d: significant difference from (APAP + vitamin E) group. Significance: p <0.05. APAP:
acetaminophen. H,S: hydrogen sulfide. Immunohistochemistry, counter stained with H, X1000.

The administration of vitamin E, H,S or NEC-1 before receiv-
ing APAP significantly decreased the serum level of ALT and AST
and elevated the serum GSH level as compared to the APAP-treated
group, thus indicating the protective effects of these agents on APAP-
induced liver injury. These results come in line with some previous
studies (23, 24, 25). These studies demonstrated that the treatment
with vitamin E, H,S and NEC-1, respectively was accompanied
with improvement in serum aminotransferase levels and GSH, and
that the return of ALT values to the normal range is usually asso-
ciated with histological improvement in disease activity (steatosis,
inflammation, cell injury), healing of parenchyma and regeneration
of hepatocytes (26), which is attributed to the anti-oxidative acti-
vity by reducing the production of lipid peroxides, and which there-
by explains the correction of dyslipidemia, as seen in this study.
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the APAP-treated group as compared to the
control group, which can prove the inflam-
matory cascade to be one of the pathophysio-
logical mechanisms of APAP-induced liver
injury.

It is believed that sustained elevated
levels of TNF-a promote apoptosis, necrosis
and necroptosis in hepatocytes and, conse-
quently the liver damage. TNF-a induced
apoptosis and necroptosis of hepatocytes
are believed to mediate, at least in part, liver
damage during inflammation in liver toxi-
city caused by APAP (30).

In keeping with these data, the present study showed a sig-
nificant increase in the hepatic immune-expression of caspase-3,
a lysosomal enzyme involved in the apoptotic pathway, thus in-
dicating an induction of apoptosis by APAP treatment. This result
has been obtained in previous studies such as (31, 32, 33). These
studies reported that high doses of APAP led to apoptosis and sig-
nificantly increased caspase-3 levels.

The administration of vitamin E, H,S and NEC-1 prior to that
of APAP in rats significantly decreased these proinflammatory
markers and decreased the immune-expression of caspase-3 denot-
ing their anti- inflammatory and anti-apoptotic effects.

The anti-apoptotic and anti-inflammatory effects of both vi-
tamin E and H,S are well documented in several studies such as
(34, 35, 36).
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The anti-inflammatory effect of Nec-1 reported in our study
is in line with other studies such as (37), and (38) which reported
a strong relationships between necroptosis and release of cyto-
kines, anti-inflammatory effect of Nec-1 and its inhibitory effect
on TNF-a induced necroptosis (39). Moreover, it was suggested
that necroptosis enhances TNF-a induced gene transcription. The
greatly elevated cytokine expression appears to be a common fea-
ture of necroptosis as it was found in a panel of necroptotic cell
lines and can be activated by different types of necroptotic stimuli
including TNF-a (40).

Nec-1 blocks TNF-a induced necroptosis by inhibition of
RIPK1 activity that mediates activation of NF-kB and mitogen-
activated protein kinase (MAPK), apoptosis and necroptosis, and
thus decreases TNF-a level (41).

Some studies have demonstrated the direct role of necropto-
sis in IL-33 release. (42). Nec-1 downregulates liver 1L-33 pro-
tein expression and attenuates hepatocellular damage and serum
IL-33 (43).

In the present study, we found a significant decrease in the
hepatic immune-expression of caspase-3 in the (Nec-1)-treated
group as compared to the APAP-treated group. This result comes
in line with studies such as (44, 45) which reported that the cas-
pase activation is slower and lower in the presence of Nec-1, thus
demonstrating that the necroptosis blockage can also delay the
apoptotic pathway and suggesting that apoptosis and necroptosis
share some molecular mechanisms during the first phase of the
two processes.

Conclusions

We concluded that APAP has hazardous effects on hepatocytes
when administered in high doses, while the cellular damage occurs
via different underlying mechanisms. Nevertheless, this effect can
be counteracted by certain hepatoprotective agents such as H,S,
vitamin E and NEC-1 by their anti-inflammatory, anti-oxidant and
anti-apoptotic actions. Albeit. clinical studies will be needed to
proof the use of these agents as an adjuvant therapy when APAP
is needed to be used for a long period or in critical patients such
as in those with COVID-19.
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