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ABSTRACT

Background: Aluminum phosphide (ALP) is a fumigant used recently for suicide; Liver failure is
the common reason for death. Aim of the work The current work was done to assess the effects of
erdosteine and exogenous (NADPH) against (ALP) acute hepatotoxicity. Serum levels of hepatic
enzymes (ALT, AST) and oxidative stress parameters (MDA, CAT, and GSH) in liver tissue were
measured. Materials and Methods: 54 male adult albino rats were divided into 7 groups (each 6
rats); 4 control groups (negative, solvent, erdosteine, NADPH), then 3 test groups; AIP group (12
mg/kg orally), AIP (12 mg/kg orally) + erdosteine (150 mg/kg orally) group, AIP (12 mg/kg orally) +
NADPH (16 mg/kg intravenously) group. Blood samples were collected after 8 hours, the abdominal
cavity was incised to remove the liver for histopathological examination and to measure the
oxidative stress parameters in liver tissue. Results: Poisoning with AIP can cause elevation of serum
(ALT, AST) with a marked increase in (MDA) and a decrease in catalase enzyme level and GSH.
Combined administration of erdosteine with AIP improved serum levels of ALT and AST and
improved the levels of CAT and GSH, besides decreasing the MDA level. Combined administration
of NADPH with AIP markedly decreased the serum levels of ALT and AST, a marked decrease in
MDA level, and a marked increase in the CAT and GSH levels. Histopathological examination of
liver tissues confirmed the results. Conclusion: The administration of erdosteine and exogenous
NADPH may be helpful in improving ALP hepatotoxicity.

Keywords: Aluminium phosphide, Erdosteine, NADPH, hepatotoxicity.

1. INTRODUCTION possesses a high mortality rate, usually due to
multi-organ failure, even when they are in the
intensive care unit as there is no available
antidote (Farzaneh et al., 2018).

Most deaths occur within the first 12—
24 hours after exposure due to cardiac
dysrhythmia (Sciuto et al., 2016). Patients
who pass death from cardiac failure die
commonly later from acute hepatic failure
(Nath et al., 2011).

The mitochondrion is the main target
organelle affected by AIP toxicity in the cell,
so inhibiting its activity is considered the key
to AIP toxic effects (Solgi et al.,, 2015).

Aluminium phosphide (AIP) is a well-
known pesticide that is used worldwide to
protect food grains from insects and rodents,
as it’s cheap and highly effective (Singh et al.,
2014).

Each AIP tablet contains only 56% AIP
and 44% inert ingredients (usually aluminium
carbonate or carbamate) that prevent the
decomposition of the tablet. On exposure to
moisture, each 3 gm tablet releases 1 gm of
phosphine, leaving a nontoxic greyish residue
of aluminium hydroxide

behind (Moghadamnia, 2012).

Recently, AIP poisoning has become a
leading problem in Egypt as the incidence of
toxicity is increasing (Hasabo, 2015). It
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Phosphine is the active pesticide component of
AIP, it initiates a nucleophilic attack that
causes a reduction of the vital enzymes such as
catalase and  peroxidase  which are
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metalloenzymes, decreasing their activity in
scavenging peroxide radicals (Anand et al.,
2011).

Phosphine also causes a reduction of
the ferric ion to the ferrous ion in the
cytochrome C oxidase. In the presence of
hydrogen peroxide (H202), ferrous ion
generates the reactive hydroxyl free radical
(OH™), which is an important reactant in the
Fenton reaction and initiator of lipid
peroxidation besides the formation of highly
unstable superoxide anions (O2") (Sciuto et
al., 2016).

Additionally, the position of the
cytochrome C oxidase enzyme in the electron
transport chain protects the cell from the
potentially dangerous electrons by transferring
them to the final electron acceptor, the
molecular oxygen, to generate water. So, its
inhibition results in the production of
uncontrolled amounts of reactive oxygen
species (Nath et al., 2011).

Overproduction of peroxide radicals
with consumption of the mitochondrial
antioxidant defense as catalase enzyme and
reduced glutathione results in lipid
peroxidation, protein denaturation of the cell
membrane, and DNA damage with activation
of apoptotic pathways and subsequent cell
death eventually (Mehrpour et al.,, 2012;
Solgi, 2015; Karimani et al., 2018).

Erdosteine is a thiol-based drug that is
used as a mucolytic in the management of
chronic pulmonary diseases (Cazzola et al.,
2019). So, it has been widely used recently in
experimental research for its antioxidant

activity, including  studies done on
hepatotoxicity (Moretti, 2007).
Reduced nicotinamide adenine

dinucleotide phosphate (NADPH) is a
fundamental molecule in cellular redox
homeostasis, it potentiates cellular defense
against oxidative stress (Ogasawara et al.,
2009). In the liver, NADPH holds a key
position in the detoxification processes and
metabolism of drugs, toxins, and some sex
hormones. This action is mediated by the
cytochrome p450 enzyme (Zhu et al., 2019).
So, the present study aimed to assess
the possible protective role of erdosteine and

Biannual Forensic Sciences and Toxicology Journal

exogenous NADPH on AlP-induced hepatic
injury in adult albino rats.

2. MATERIALS AND METHODS

I-Chemicals:

AIP was obtained from a local shop in
Benha city, in the form of 3 gm tablets (56%
concentration, Excel Crop Care Ltd., India).
Erdosteine capsules (Mucotec, 300mg) were
obtained from Global Nabi Pharmaceuticals
Company, Egypt). NADPH Tetrasodium salt
white powder, with a purity of 97%, was
obtained from Sigma Chemical Company.
Other chemicals used were of the highest
analytical grade.

I1- Route of administration:

Both AIP and erdosteine were given
orally by gavage tube, while NADPH was
given intravenously in the tail vein using an
insulin syringe.

I11-Animals:

Adult Male albino rats (200-250 Q)
were used. All animal procedures were done
according to the Ethics Committee of
Scientific Research, Faculty of Medicine,
Benha University (code: MS-9-4-2020). The
current experiment was done in the animal
bread house of the faculty of veterinary
medicine, Benha University.

V- Study design:
Fifty-four rats were divided into seven
groups, as follows:

e Group I (negative control group- 6 rats):
rats were left without intervention to
measure the basic parameters while having
free access to food and distilled water.

e Group Il (solvent control groups- 18 rats);
Subgroup Ila (normal saline control
group- 6 rats) received a single oral dose
of normal saline by gavage tube.
Subgroup Ilb (modified saline control
group- 6 rats) was treated with a single
intravenous dose of (1 ml of modified
saline solution) with PH:8 (normal saline
+10% NaOH) (Zhu et al., 2019).
Subgroup llc (corn oil control group- 6
rats) received a single oral dose of (1 cc of
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corn oil) by a gavage tube (Ahmadi et al.,
2018).

e Group Il (erdosteine-treated control
group- 6 rats) received a single dose of
erdosteine 150 mg/kg dissolved in normal
saline 0.9% orally by gavage tube
(Demiralay et al., 2006).

e Group IV (NADPH treated control group-
6 rats): received a single intravenous dose
of NADPH 16 mg/kg dissolved in 1ml of
modified saline with pH: 8 (Zhu et al.,
2019).

e Group V (AIP treated group- 6 rats)
received a single acute dose of AIP 12
mg/kg orally by gavage tube (determined
according to the pilot study done before
the current experiment). The tablets were
freshly powdered and suspended in corn
oil.

e Group VI (AIP + erdosteine treated
group- 6 rats) received a single dose of
AIP 12 mg/kg orally by gavage tube,
followed by a single dose of

e erdosteine 150 mg/kg orally, 1h after the
AIP dose.

e Group VII (AIP + NADPH treated group-
6 rats) received a single dose of AIP 12
mg/kg orally by gavage tube, followed by
a single dose of NADPH 16 mg/kg,
dissolved in 1 ml of modified saline with
pH: 8, 1V, 1 hour after AIP administration.
All studied groups were exposed to fasting
after AIP ingestion. The duration of the
study was 24 hours.

The mortality started to appear in the
AIP group after 8 hours and live rats in the
same group were in a morbid state. So, live
rats from the AIP group and rats from all other
groups were sacrificed by neck dislocation to
take samples.

V- Collection of samples:

Blood samples (4-5 ml) were collected
from the retro-orbital plexus. The liver of each
rat was removed by opening the abdominal
cavity then cleaned and divided into two parts;
one part was placed in 10% formalin for
histopathological examination and the 2nd part
was frozen at -80°C immediately for
biochemical measurement of oxidative stress
parameters.
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VI- Studied parameters:
a- Biochemical analysis of serum
hepatic enzymes:

Collected blood samples were
centrifuged at 3000 rpm for 10 min at 4°C,
the clear non-hemolyzed supernatant
serum was quickly removed and used for
estimation of serum ALT and AST
enzymes. The examined parameters were
analyzed in the central lab of the Faculty
of Veterinary Medicine, Benha University.

ALT and AST levels were
calculated spectrophotometrically using
the commercial test of (ALT, AST),
biosystem lab (Biosystems S.A. company),
Spain.

b- Estimation of oxidative  stress
parameters in liver tissue
Liver tissue preparation:

The liver tissue of each animal was
taken and rapidly frozen at -80°C until
analyzed. Then, the liver tissue was
homogenized in phosphate-buffered saline
(Aml for 250 mg of each liver) by a glass
homogenizer then centrifuged by cooling
centrifugal at 5000 rpm for 15 minutes at
4°C, using a high-speed cooling centrifuge
(Type 3-30K, Sigma, Osterode-am-Harz,
Germany). After that, the supernatant was
recentrifuged  till  obtaining  clear
supernatant that was kept at -20°C till
analysis.

Malondialdehyde (MDA) level in
liver tissue (nmol/gm) was determined
according to the protocol of the rat MDA
ELISA Kit (CUSABIO BIOTECH CO.,
Ltd., China). Determination of catalase
(CAT) enzyme level (ng/ml) in liver tissue
was done using rat Catalase ELISA Kit.
Cat No. MBS2600683 (MyBioSource,
Inc., Southern California, San Diego,
USA).  Determination  of  reduced
glutathione level (nmol/gm) in liver tissue:
Kits: Rat Glutathione (GSH) ELISA Kit.
Catalog No. CSB-E12144r (CUSABIO
BIOTECH CO., Ltd., China). The
concentration of MDA, CAT, and GSH in
the samples were determined by
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comparing the optical density of the
samples to the standard curve.

c- Histopathological examination of the
heart:

Histopathological examination of
collected liver samples was done at the
Pathology = Department, Faculty of
Medicine, Benha  University, using
Haematoxylin and Eosin (H&E) and
examined by a light microscope
(OLYMPUS, Japan).

VI1- Statistical analysis:

The data were analyzed using the
SPSS program, (Spss Inc, Chicago, ILL
Company) version 26. Descriptive statistics
were calculated in the form of mean and
standard deviation (SD) for quantitative data.
The significance of the difference between the
studied groups was tested using one of the
following tests: the ANOVA test (analysis of
variance), to compare the mean of more than
two groups, and the Post hoc test (Least
significant difference, LSD) for intergroup
comparisons.

3. RESULTS
Mortality was observed only in AIP group (2
rats) before scarification and other rats in the
same group were in morbid state, rats in other
groups were still in good condition before
scarification.

As regards the control groups (negative
control),  (solvent control), (erdosteine
control), and (NADPH control), they showed
non-significant differences (p > 0.05) as
regards serum levels of ALT, AST, and
oxidative stress parameters. So, the mean of
all control groups was chosen as a
representative group for the four control
groups to be compared with the results of the
remaining groups.

- Serum liver enzymes:

There was a highly significant
(p<0.001) increase in ALT level in the AIP
group when compared with the control group.
Test group VI (AIP+ erdosteine) showed a
reduction in ALT level, while test group VII
(AlIP+ NADPH) showed a marked reduction in
ALT level when compared with group V (AIP
treated group). No significant difference was
found between test group VI and test group
VII, (Table 1).

In the same way, there was a more
significant (p<0.001) increase in AST level in
the AIP group when compared with the control
group. Test group VI (AIP +erdosteine) caused
a reduction in AST level, while test group VII
(AIP+ NADPH) showed a marked reduction in
AST level when compared with group V (AIP
treated group). No significant difference was
found between test group VI and test group
VII, (Table 2).

Table (1): Comparison between the studied groups regarding serum ALT level (U/L):

+SD Range ANOVA  P-value
Control group 3247 269 26-38 118.87 | <0.001**
Group V (AIP) 127.402 34.399 94-165
Group VI (AIP 78.00° 12.182 61-92
+erdosteine)
Group VII (AIP+ 65.17 20 12.189 51-87
NADPH)

**: highly significant. a highly significant difference when compared with the control group at p<0.001. b highly
significant difference when compared with the AIP group (V) at p<0.001. d indicates a non-significant difference when

compared with group VI (AlIP+ erdosteine), p > 0.05.
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Table (2): Comparison between the studied groups regarding serum AST level (U/L):

AST Mean +SD Range ANOVA P-value
Control group 80.72 3.61 72-89 321.95 <0.001**
Group V (AIP) 416.20¢ 40.795 380-480

Group VI 255.332b 64.248 202-362
(AIP +erdosteine)
Group VII 237.5020d 30.651 189-265
(AIP+ NADPH)

**: highly significant. a highly significant difference when compared with the control group at p<0.001. b highly
significant difference when compared with the AIP group (V) at p<0.001. d indicates a non-significant difference when
compared with group VI (AIP+ erdosteine), p > 0.05.

- Oxidative stress parameters: rise in CAT level, while test group VII (AlIP+

There was a more significant NADPH) showed a marked increase in CAT
(p<0.001) increase in MDA level in the AIP level as compared to group V and group VI,
group when compared with the control group. (Table 4).

Administration of (AlIP+ erdosteine) caused a
reduction in MDA level, while test group VII
(AIP+ NADPH) showed a marked reduction in
MDA level when compared with group V and
group VI, (Table 3).

There was a more significant
(p<0.001) reduction in GSH level in the AIP
group when compared with the control group.
Administration of (AIP +erdosteine) caused a
rise in GSH level, while test group VII (AlIP+

There was a more significant NADPH) showed a marked increase in GSH
(p<0.001) reduction in CAT level in the AIP level when compared with test group V and
group when compared with the control group. test group VI, (Table 5).

Administration of (AIP +erdosteine) caused a

Table (3): Comparison between the studied groups regarding MDA level (nmol/gm) in hepatic
tissue:

ANOVA P-value

Control group 0.533 0.09 0.402-0.691 137.20 <0.001**
Group V (AIP) 14.162 4.93 9.23-20.13

Group VI (AIP+ erdosteine) | 5.45% 0.62 4.77-6.21 | |
Group VII (AIP+ NADPH) 2.1gabc 0.919 0.919-3.77 | |

**. highly significant. a highly significant difference when compared with the control group at p<0.001. b highly
significant difference when compared with the AIP group (V) at p<0.001. ¢ highly significant difference when compared
with AIP +erdosteine group at p<0.001.

Table (4): Comparison between the studied groups regarding catalase (CAT) level (ng/ml) in hepatic
tissue:

Catalase + Range ANOVA P-value
Control group 10.83 0.33 10.12-11.64 732.32 <0.001**
Group V (AIP) 1.622 0.85 0.599-2.76

Group VI (AIP +erdosteine) 4.20% 0.54 3.5-5.16

Group VII (AIP+ NADPH) 7.083¢ 0.92 5.56-7.82

**. highly significant. a highly significant difference when compared with the control group at p<0.001. b highly
significant difference when compared with the AIP group (V) at p<0.001. ¢ highly significant difference when compared
with AIP +erdosteine group at p<0.001.
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Table (5): Comparison between the studied groups regarding GSH level (nmol/gm) in hepatic tissue:
Range

ANOVA P-value

Control group —— o 180-216 22229 | <0.001**
Group V (AIP) 66.20° 21.253 39-87

Group VI (AIP +erdosteine) 114.00 2 11.367 101-129

Group VII (AIP+ NADPH) 147 .50 abc 10.330 132-162

**: highly significant. a highly significant difference when compared with the control group at p<0.001. b highly
significant difference when compared with the AIP group (V) at p<0.001. ¢ highly significant difference when compared

with AlP +erdosteine

I11-  Histopathological results:

In control groups (negative control,
solvent control, erdosteine control, NADPH
control), examination of sections from liver
tissue by light microscope showed almost the
same  structures  with no  marked
histopathological changes. The negative
control group was representative of other

control groups, as shown in (Figure 1).

In group V (AIP treated group), liver
sections showed inflammatory hepatic tissues,
severe hydropic degeneration of hepatocytes,
severe dilatation of the blood sinusoids, and
congestion of the central vein, as shown in
(Figures 2,3).

at p<0.001.

group

In group VI (AIP + erdosteine treated
group), liver sections showed less pathological
changes as compared to the AIP group but
failed to have the same picture observed in the
normal control group. There was a mild
hydropic degeneration in hepatocytes, dilated
congested blood sinusoids and central vein, as
shown in (Figure 4).

In group VII (AIP + NADPH treated
group), liver sections showed a better
histopathological picture of liver morphology
than that of the AIP & erdosteine treated
group. It showed apparent normal hepatic
architecture, as shown in (Figure 5).
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Fig. (1): A photomicrograph of a section from a rat’s liver of
the negative control group showed normal hepatic plates
radiating from a thin-walled central vein separated by normal-
sized blood sinusoids (black arrow), polyhedral hepatocytes
contained rounded vesicular nuclei (red arrow) and
eosinophilic cytoplasm (H&E, x 200).

Fig. (2): A photomicrograph of a section from a rat’s
liver of AIP treated group showed dilated and
distorted central vein (red arrow), vacuolated
hepatocytes with hydropic degeneration (black
arrow), dilated congested blood sinusoids with
perivascular inflammatory cells (yellow arrow) (H&E,
x 200).
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Fig. (3): A photomicrograph of a section from a rat’s liver of
AIP treated group showed dilated and distorted central vein
(red arrow), severe hydropic degeneration of hepatocytes
(black arrow) with many dilated congested blood sinusoids
(yellow arrow) (H&E, x 200).

Fig. (4): A photomicrograph of a section from a rat’s
liver of AIP and erdosteine-treated group showed mild
hydropic degeneration of hepatocyte (red arrow),
central vein and blood sinusoids still dilated (black

normal-sized central vein (red arrow) with slightly dilated blood sinusoids (black arrow) and normal hepatocytes with
eosinophilic cytoplasm and rounded vesicular nuclei (yellow arrow) almost similar to control group (H&E, x 200).

4. DISCUSSION

The liver is considered a major target
organ for phosphine poisoning in the human
body. So, the current study investigated the
levels of serum (ALT) and (AST), being the
fundamental biomarkers of the liver, that are
released into circulation after hepatic injury
(El shehaby et al., 2021).

In the present study, phosphine had
markedly increased the mean values of both
ALT and AST levels in the AlP-treated group
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when compared with control  groups,
indicating liver tissue damage.

These results are in agreement with
Aminjan et al. (2019), Sweilum et al. (2017),
and Anand et al. (2012). Shadnia et al.
(2005) also reported markedly increased ALT
and AST levels in human serum after AIP
toxicity. According to Mehrpour et al. (2012),
a transient elevation of ALT and AST may
occur in acute AIP poisoning.

Some human studies, such as Anand et
al. (2013), also reported the non-significant
increase in ALT and AST levels in AIP
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poisoning and explained that by the delay in
the development of hepatotoxicity 72 hours
after AIP toxicity if survival occurs.

In the current study, test group VI (AIP
+ erdosteine) showed a less significant
decrease in the mean values of ALT and AST
when compared with the AlP-treated group,
but still higher than the control group.

This result was in agreement with the
following studies that showed the positive
effect of erdosteine in decreasing the serum
levels of ALT and AST in many liver
disorders and toxicity, such as ischemia-
reperfusion injury in the liver of rats (Barlas et
al.,  2017), acetaminophen-induced liver
damage (Saritas et al. 2012), in naphthalene
induced liver damage (Sehirli and Sener,
2010).

In the present study, (the AIP +
NADPH group) showed a more significant
decrease in the mean values of liver enzymes
ALT and AST when compared with the AIP
group and (AIP + erdosteine) group.

Adzavon et al. (2022) and Xun et al.
(2021) agreed with this result, as they reported
that molecular hydrogen supply could increase
the reduced NADPH level in the hepatocytes
and improve liver metabolism with an
observed decrease in serum ALT and AST
levels.

In this research, AIP administration
significantly increased the mean value of
MDA level in liver tissue homogenate when
compared with the control group and that
result was in line with previous reports such as
Ranjbar et al. (2020), Salimi et al. (2017),
Anand et al. (2012), Dua et al. (2010) and
Quistad et al. (2000). Emam et al. (2021) also
found increased MDA levels in the serum of
patients with AIP poisoning.

Administration of erdosteine with AIP
in this study had reduced the mean value of
MDA level in rats poisoned with AIP when
compared with the AIP group.

This result was confirmed by the
following studies, which showed the ability of
erdosteine to decrease MDA level in liver
tissue homogenate, such as; ischemia-
reperfusion injury of the rat liver (Barlas et
al., 2017), naphthalene hepatotoxicity in rats
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(Sehirli and Sener, 2010), doxorubicin-
induced hepatotoxicity in rats (Yagmurca et
al., 2007).

This decrease in MDA level may be
due to the antioxidant activity of erdosteine
which helped in cell membrane protection by
scavenging the free radicals (Nacar et al.,
2015).

In the present work, (AIP + NADPH
group) showed a more significant decrease in
the mean value of MDA level when compared
with the AIP group and (AIP + erdosteine
group), but its mean value was still higher than
the control group.

This result was in line with Han et al.
(2018) who found that MDA level increases in
liver tissue after NADPH deficiency. Adzavon
et al. (2022) and Fukuda et al. (2007) also
mentioned the ability of hydrogen gas to
decrease liver MDA by increasing the
NADPH/NADRP ratio.

The result can be explained by the
strong relationship between the increase in
NADPH and the decrease in MDA formation
in liver cells (Augustin et al., 1997).

The current study demonstrated a
highly significant decrease in the mean value
of CAT in liver tissue homogenate in the AlP-
treated group.

Ranjbar et al. (2020), Aminjan et al.
(2019), and Anand et al. (2012) confirmed
this result after phosphine toxicity. The
possible mechanism of catalase inhibition by
phosphine may be due to its interaction with
the metal ion co-factor that is present at the
active site of the catalase enzyme (Nath et al.,
2011).

In the present study, there was a less
significant increase in the mean value of
catalase enzyme in the (AIP+ erdosteine
group). This result was in agreement with the
following studies, which reported the increase
in catalase enzyme after the use of erdosteine
in the following conditions, such as;
cyclosporine A-induced hepatotoxicity
(Erarslan et al., 2010), doxorubicin-induced
hepatotoxicity in rats (Yagmurca et al., 2007).

The current results showed a more
significant increase in the mean value of
catalase enzyme activity in the (AIP+ NADPH
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group) when compared with the AlP-treated
group.

This result was in agreement with Han
et al. (2018), who reported a decrease in
catalase enzyme level after NADPH decrease
in cases of isocitrate dehydrogenase (IDH2)
enzyme deficiency in liver tissue.

The present study showed a highly
significant decrease in the mean value of GSH
level in liver tissue homogenate in the AIP-
treated group, and this result was confirmed by
Aminjan et al. (2019) and Salimi et al.
(2017).

In the current study, (AIP + erdosteine
group) caused a less significant increase in the
mean value of GSH level when compared with
the AIP group. This result was in agreement
with Sehirli and Sener (2010) and Sener et
al. (2007) who proved the beneficial effect of
erdosteine in raising GSH levels in
hepatotoxicity caused by naphthalene toxicity
and biliary obstruction, respectively.

According to the current results, (the
AIP + NADPH group) showed a more
significant increase in the mean value of GSH
level in comparison to the AIP group and (the
AIP + erdosteine group). This beneficial action
can be explained by the response of the cells
to oxidative stress by increasing the level of
reducing agents, including NADPH (Adzavon
et al., 2022).

Kim et al. (2019) and Han et al.
(2018) agreed with this result as they
demonstrated the decrease in GSH enzyme
level in the case of isocitrate dehydrogenase
deficiency (IDH2) enzyme, which is the major
source of mitochondrial NADPH, in liver
injury caused by acetaminophen and ischemia-
reperfusion injury, respectively.

Also, this result was in agreement
with Augustin et al. (1997) who confirmed the
relation between the increase in NADPH and
increased reduced glutathione levels in liver
cells.

So, the present study suggested that
phosphine could injure the liver tissue by
induction of oxidative stress, evident by a
significant increase in lipid peroxidation
marker (MDA) and decrease in CAT and GSH
in liver tissue.
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Based on the results of oxidative stress
parameters in the present study, erdosteine and
NADPH can modulate the production of ROS
in liver cells through their ability to protect the
respiratory chain and improve the endogenous
antioxidant capacity, including CAT and GSH
thus decreasing the MDA level. So, they can
decrease the oxidative damage caused by AIP
toxicity.

The biochemical analysis of liver
serum markers and oxidative stress markers in
hepatic tissue in the current results was
confirmed by the liver histopathological
examination, which revealed that AIP caused
severe hydropic degeneration of hepatocytes,
severe dilatation of the blood sinusoids, and
congestion of central vein.

These results were in agreement
with Eric et al. (2021), Elshehaby et al.
(2021), Aminjan et al. (2019), Sweilum et al.
(2017), and Gheshlaghi al. (2015), who found
similar changes in liver histopathology in AIP
intoxicated rats.

In the current study, (AIP + erdosteine
group) showed fewer pathological changes
when compared with the AIP group.

This result was similar to the studies
of Barlas et al. (2017), Nacar et al. (2015),
Saritas et al. (2012), Erarslan et al. (2010),
Yagmurca et al. (2007), and Sener et al.
(2007) who reported the same protective
effects of erdosteine treatment in liver injury
induced by many toxins.

In the present study, a Dbetter
histopathological picture of liver tissue was
seen in the (AIP + NADPH-treated group). It
showed apparent normal hepatic architecture.
This result correlated with Han et al. (2018),
who confirmed the protective effect of
NADPH on liver tissue.

5. CONCLUSION

1. The results revealed that administration
of erdosteine with AIP caused a slight
improvement in the AlP-induced
hepatotoxicity via decreasing the level
of (ALT, and AST) enzymes and MDA
levels and improving the antioxidant
defense (CAT, GSH) of the liver.
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2. Treatment by NADPH one hour after
AIP toxicity was more protective
against  AlP-induced cardiotoxicity
than treatment by erdosteine. NADPH
ameliorated the AlP-induced
hepatotoxicity by decreasing the level
of (ALT, and AST) enzymes and MDA
levels and improving the antioxidant
defense (CAT, GSH) of the liver
tissue. It showed apparent normal
hepatic architecture in
histopathological examination.  So,
NADPH may be a promising treatment
for AIP toxicity.

6. RECOMMENDATIONS

e Restriction of AIP sale in Egypt.

e Further studies are needed to investigate
the survival time in rats intoxicated with
AIP after administration of exogenous
NADPH and to investigate the positive
effect of exogenous NADPH in the
treatment of AIP in humans.
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