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ABSTRACT: Acetaminophen (APAP), widely used as an analgesic-antipyretic drug, can cause liver and kidney damage
at high doses. This study explored the protective effects of a mucolytic agent and an antioxidant Ambroxol (AMB),
against APAP-induced toxicity in rats. The experiment included four groups of Wistar albino rats each having 6 animals
in both sexes: a control group, an AMB-only group (50 mg/kg orally), an APAP-only group (1000 mg/kg
intraperitoneally), and a combination APAP+AMB group. Twenty-four hours following the administration of APAP
administration, rats were sacrificed. Measurements of blood levels of liver enzymes (AST, ALT, ALP, LDH), kidney
function markers (Urea, Creatinine), and antioxidant enzymes (SOD, GPx) were performed. GPx and SOD activities were
also assessed in hepatic and renal tissue samples. Histological examination of hepatic and renal tissues was conducted
using Haematoxylin and Eosin staining. Results showed that APAP significantly increased liver enzymes, BUN, and
Creatinine levels, indicating hepatorenal damage. This was accompanied by a decrease in plasma GPx and SOD
activities. However, AMB treatment significantly mitigated these changes. It improved enzyme activities and increased
hepatic GPx. Histologically, the APAP group showed liver cell damage, necrosis, haemorrhage, and inflammation,
which were notably reduced in the AMB-treated group. This study suggests that Ambroxol effectively counters APAP-
induced hepatorenal damage by restoring antioxidant enzyme levels and normalizing functional enzyme activities,
highlighting its potential as a protective agent.
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1. INTRODUCTION

Acetaminophen (APAP), a nonsteroidal anti-inflammatory drug, was discovered by Morse in 1878.
[1]. APAP, also known as paracetamol, is widely used worldwide. It has antipyretic and analgesic properties
[2]. While the therapeutic use of APAP at recommended doses generally does not cause adverse effects, it is
noted to induce toxic effects in the liver and kidneys with high single-dose usage. Furthermore, it has been
reported to contribute to liver and kidney toxicity with frequent use, even at therapeutic doses [3, 4].

Upon administration of therapeutic doses of APAP, an estimated 95% undergoes metabolic
detoxification in hepatocytes, predominantly through glucuronidation and sulfation, leading to the
generation of water-soluble metabolites subsequently excreted renally. The minor fraction, about 5%, is
metabolized by hepatic microsomal enzymes, predominantly cytochrome P450 enzymes, resulting in the
formation of the hepatotoxic metabolite NAPQI (N-acetyl-p-benzoquinone imine). NAPQI is usually
detoxified by combining with hepatic glutathione (GSH) and is then excreted as mercapturic acid via biliary
elimination [3, 5]. In instances of excessive APAP ingestion, the capacity of glucuronidation and sulfation
pathways becomes overwhelmed, shifting the metabolic burden towards enhanced NAPQI production via
the cytochrome P450 system. This change results in a swift reduction of the hepatic glutathione (GSH) stores.
The subsequent decrease in glutathione peroxidase (GPx) activity leads to an escalation in intracellular
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oxidative stress, marked by a rise in reactive oxygen species (ROS) production and a weakening of the
cellular antioxidant defence systems [4, 6]. Furthermore, the impaired GPx activity, coupled with elevated
levels of inflammatory cytokines, is implicated in the pathogenesis of hepatic necrosis [7].

Although less common than hepatotoxicity, high-dose APAP-induced nephrotoxicity can lead to more
fatal consequences. Kidney failure can occur in approximately 2% of patients, and renal failure can manifest
even without the development of liver failure [8, 9]. The toxic metabolite NAPQI, generated because of high-
dose APAP metabolism in the liver, also contributes to renal damage [10]. Additionally, when APAP is taken
at therapeutic doses, it undergoes deacetylation in the renal tissue, converting to p-aminophenol (PAP), then
conjugated with GSH molecules and excreted in an inactive form. However, high doses of APAP deplete
GSH molecules, leading to a decrease in GSH-peroxidase (GPx) activity and the accumulation of metabolites
in the body. P-aminophenol metabolites cause cortical necrosis in the kidneys [9, 10]. Additionally,
analogous to hepatic processes, the interaction of NAPQI metabolites with intracellular renal components,
along with a reduction in glutathione peroxidase (GPx) and superoxide dismutase (SOD) activities, leads to
escalated levels of reactive oxygen species (ROS). This increase in ROS contributes to renal injury [11]. To
summarize, both hepatic and renal damages instigated by APAP are initially countered by intracellular
antioxidants like GPx and SOD. Nevertheless, elevated doses of APAP result in the depletion of these
antioxidant molecules, thereby initiating pathophysiological events [12].

Ambroxol (AMB) is a compound derived from the Adhatoda vasica plant. It possesses the chemical
structure and exhibits mucolytic and expectorant properties, stimulating surfactant release from type II
alveolar cells. AMB is frequently used in the management of acute or chronic respiratory disorders [13, 14].
Additionally, it is known to possess antioxidant and anti-inflammatory effects by suppressing free oxygen
radicals [14-18].

The primary goal of this study was to evaluate the histomorphological protective effects of Ambroxol,
a mucolytic drug, on hepatorenal damage caused by high APAP doses in a rat model. Moreover, the
research sought to investigate the biochemical role of antioxidant enzymes, thereby elucidating the potential
antioxidant properties of AMB.

2. RESULTS

In the blood analysis, there were no significant changes between the control and AMB groups for the
parameters AST, ALT, ALP, LDH, BUN and Creatinine (p>0.05) (Table 1). However, high dose of APAP
resulted in a significant elevation in these parameters, with a significance ranging from p<0.01 to p<0.001. In
contrast, subsequent treatment with AMB following APAP exposure led to a significant amelioration in
these values, reflected by p-values between <0.05 and <0.01.

Table 1. Serum chemistry parameters in all groups (Mean * SD).

Control AMB APAP APAP+AMB
AST (U/L) 11.8+44 39.8+9.2 93,3 £28,5 ™ ++ 453+250v
ALT (U/L) 65.8+26.9 48.8+224 281,7 £122,1 ™ +++ 137,7+ 64,6 v
ALP (U/L) 1449+273 180.1 £ 99.8 1663,0 £ 756,2 = ++ 832,0+£29,1%v
LDH (U/L) 905.0 + 617.5 876.0 £329.5 7942,0 £ 3994,0 7 +++ 2301,0 +1473,0 vv
BUN (mg/dL) 56.7 £10.8 68.7 +£14.6 169.5 £17.7 ™ ++ 101.7+£14.5v
Creatinine (mg/dL) 0.59 £0.34 0.64 £0.45 1.46 £0.16 ™+ 0.88£0.21v

* p<0.05, ™ p<0.001; compared to control group; ** p<0.01; *** p<0.001 compared to AMB group; ¥ p<0.05, v p<0.01; compared to APAP
group.

Regarding the antioxidant enzymes, GPx and SOD activities were insignificantly different between the
control and AMB groups (p>0.05) (Figure 1). Yet, post-APAP administration, a marked decrease in their
activities was observed in plasma, liver, and kidney tissues, compared to both control and AMB groups,
with statistical significance ranging from p<0.05 to p<0.01. In the group APAP+AMB, these changes
approximated the control group values, suggesting a mitigative effect, with p-values less than 0.05.
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Figure 1. Plasma, liver and kidney GPx and SOD activities in all groups. *p < 0.05, **p < 0.01; compared with
control group. *p < 0.05, +*p < 0.01; +++p < 0.001 compared with AMB group. v p <0.05, vy p < 0.01 compared with

APAP group.

Upon examining the histopathological scoring results, hepatocytes displaying eosinophilic cytoplasm,
karyopyknosis, congestion, and mononuclear cell infiltration were observed to be very rare in hepatic tissues
in the control and AMB groups. Analysis of Table 2 revealed a significant statistical difference between these
groups and the APAP and APAP+AMB groups, with p-values less than 0.05. Notably, necrosis was absent in
the liver tissues of the control and Ambroxol groups. A statistically significant difference was observed in

terms of necrosis when comparing these groups with the APAP group (p<0.05).
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Significant liver degeneration was observed in APAP group compared to the control and AMB
groups. However, in the APAP+AMB group, the extent of degeneration was reduced relative to the APAP
group, although it did not revert to the levels observed in the control groups. A significant difference
between the APAP+AMB and APAP groups concerning the scores for cells with eosinophilic cytoplasm,
karyopyknosis, congestion, and mononuclear cell infiltration were determined (p<0.05). While necrosis was
less pronounced in the APAP+AMB group compared to the APAP group (p>0.05).

When examining the renal histological scoring results in Table 3, a statistical difference was detected
between the control and ambroxol groups versus the APAP and APAP+AMB groups in terms of
mononuclear cell infiltration, tubular, and glomerular damage (p<0.05). However, no significant difference
was found between the ambroxol group and the APAP+AMB group alone (p>0.05). Histological changes,
particularly degeneration, were most prominently observed in the APAP group. Significance between the
APAP and APAP+AMB groups was only found in the criterion of tubular damage (p<0.05). Despite the
reduction in glomerular damage and mononuclear cell infiltration, no statistical difference was observed
between the APAP and APAP+AMB groups (p>0.05).

Table 2. Hepatic histomorphologic scoring results of the groups.

Scores of hepatic histomorphological measurements.

Groups Eosinophilic Karyopyknosis = Necrose Congestion Mononuclear cell
cytoplasm infiltrations

Control 0,033+0,051a 0,033+0,051fs 0,000+0,000% 0,000+0,0000» 0,066+0,081uv

AMB 0,050£0,054¢d 0,033£0,051h2 0,0000,000! 0,033+0,081xs 0,083+0,098w.x

APAP 0,933+0,480ac¢ 0,850+0,463fhj 0,150+0,151x! 0,383£0,1160xt 1,000+0,275uwy

APAP+AMB  0,466x0,150b.de 0,350+0,1048j 0,050+0,054 0,216+0,098p-st 0,4660,216vxy

P Value 0,000%** 0,000%** 0,016* 0,000%** 0,000%**

*The degree of statistical significance of the Kruskal Wallis test results. The same letter av represents statistically
significant results between the groups at the level of p<0.05.

Table 3. Histomorphologic scoring results in renal tissues of the groups

Scores of renal tissues histomorphological measurements.

Groups Tubular damage Glomerular damage Mononuclear cell infiltrations
Control 0,066+0,081ab 0,066+0,081¢s 0,066+0,081ix
AMB 0,083+0,098¢4 0,083+0,098h 0,133+0,121!
APAP 1,050+0,151ace 1,28310,376fh 0,766+0,242i!
APAP+AMB 0,7830,075b.de 0,916+0,147s+ 0,4160,292k
P Value 0,000%** 0,001** 0,003**

*The degree of statistical significance of the Kruskal Wallis test results. The same lettera! represents statistically
significant results between the groups at the level of p<0.05.

http://dx.doi.org/10.29228/jrp.802
J Res Pharm 2024; 28(4): 1210-1219

1213



Sayiner et al. Journal of Research in Pharmac
Ambroxol in APAP-induced Hepatorenal Toxicity Research Article

Light microscopic examination revealed a normal histological structure in the liver tissues of the
control and Ambroxol groups, as depicted in Figure 2A and 2B. In the Ambroxol group, there was a noted
presence of mild congestion within the sinusoids (Figure 2B). In contrast, the liver tissues from the APAP
group exhibited pronounced pathological changes including intense mononuclear cell infiltration,
hepatocytes with karyopyknotic and eosinophilic cytoplasm, marked congestion, and extensive necrosis in
the sinusoids, as shown in Figures 2C, 2D, and 2E. Despite the severity of these changes in the APAP group,
a comparative reduction in histological abnormalities was observed in the APAP+AMB group. This group,
represented in Figure 2F, showed a decrease in the extent of histological changes. However, it was noted that
mononuclear cell infiltration and alterations in hepatocyte structure persisted, albeit to a lesser degree than
observed in the APAP-only group.

Light microscopy was employed to examine the renal structures in the various groups. In the control
and Ambroxol groups, the renal histology appeared normal, as shown in Figures 3A and 3B. However, a
stark contrast was observed in the APAP group, where significant histological alterations were evident.
These included substantial infiltration of mononuclear cells, disruption in the structure of tubular epithelial
cells, and notable vacuolization accompanied by enlargement in the cytoplasm of some cells, as detailed in
Figure 3C. In the group treated with both APAP and Ambroxol (APAP+AMB group), a comparative
improvement in renal histology was noted. This was evidenced by a decrease in the number of mononuclear
cells, reduced congestion in the intertubular capillaries, and a lesser degree of vacuolization in the tubule
epithelial cells, in comparison to the APAP group. These findings, depicted in Figure 3D, suggest a
mitigative effect of Ambroxol on APAP-induced renal damage.

3. DISCUSSION

The purpose of this study was to determine the protective impact of Ambroxol on rats exposed to high
dosages of APAP. To this end, blood levels of liver function enzymes (ALT, AST, LDH, ALP), kidney
function markers (BUN and Creatinine), and the activities of the antioxidant enzymes (GPx and SOD) in
plasma, liver, and kidney tissues were detected and evaluated. Furthermore, the study involved a
histomorphological examination to evaluate the structural damage in hepatic and liver tissues caused by
APAP, employing Haematoxylin and Eosin staining. Our findings revealed that administration of APAP
alone had a detrimental effect on both biochemical and histomorphological parameters in liver and kidney
tissues. Notably, these adverse changes were significantly ameliorated following the administration of
Ambroxol (AMB), indicating its potential protective efficacy against APAP-induced damage.

In terms of liver and kidney function tests, AST, ALT, BUN, and creatinine levels were measured, as
well as ALP and LDH activities, which are regarded indications of inflammation or tissue damage [19, 20]. It
has been shown in experimental and clinical studies that APAP administration leads to a significant increase
in ALP and LDH activities, accompanied by structural damage [19, 21]. Our findings are consistent with the
literature. Ambroxol, used as a protective agent, has demonstrated beneficial effects on AST, ALT, BUN, and
Creatinine levels in previous studies, but its effects on LDH and ALP activities have not been evaluated in
the context of APAP toxicity until now. Our study provides novel insights in this regard. The results of our
study are consistent with previous studies on AMB’s effects on liver and kidney function tests. The
reduction in LDH and ALP activities is particularly important as it indicates a protective effect.

We evaluated the activities of GPx and SOD, known for their protective effects against oxidative
damage in our body, in APAP toxicity. It is well known that excessive glutathione consumption leads to
persistent damage in both the liver and kidney. Studies have shown that this consumption also affects and
decreases GPx activity [22, 23]. The studies on the effects of SOD in APAP toxicity are increasing day by day.
It has been demonstrated that SOD activities decrease in hepatorenal damage caused by APAP [24-26]. In
our study, the decrease in GPx and SOD activities in plasma, liver, and kidney tissues following high-dose
APAP administration, in line with the literature, was histomorphologically shown to contribute to
hepatorenal damage. Previous studies on Ambroxol have shown an increase in GPx activity only in
inflammation models conducted on the lungs [27, 28], and there is no study evaluating its effect on GPx in
plasma, liver, and kidney tissues. Therefore, our study is the first to demonstrate the effect of Ambroxol on
GPx activity in these tissues. However, when considering the overall results, the positive effects of Ambroxol
observed in our study align with its positive effects reported in different tissues. The effects of Ambroxol on
SOD activity have been evaluated in various tissues in different inflammation models [14] and our results
are in line with the findings of those studies.

APAP caused significant histomorphological changes in liver and kidney tissues. Consistent with our
findings, Ebada (2018) induced liver damage in rats with APAP and detected light microscopic findings of
hepatocyte degeneration, necrosis, congestion, haemorrhage, and mononuclear cell infiltration [29]. The
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effect of APAP on kidney tissue was mostly on tubular, glomerular damage, and mononuclear cell
infiltration. Studies by Reshi et al., (2017) and Ko et al., (2017) support our findings [30, 31]. Ambroxol was
effective in alleviating APAP-induced liver and kidney damage. Consistent with our findings, the light
microscopic healing effects of ambroxol were demonstrated in ischemia and reperfusion studies in liver and
kidney tissues [16, 32].

Figure 2. Light microscopic view of liver tissue from control (A), ambroxol (B), APAP (C - D - E) and APAP +
ambroxol (F) groups. Figures A and B show normal liver structure (x100). Figure C shows dense mononuclear cell
infiltration (%), cells with eosinophilic cytoplasm and karyopicnotic nuclei (—); figure D shows haemorrhage (»)

and figure E shows necrosis area (*) (x400). Figure F shows reduced mononuclear cell infiltration (%) and cells
with eosinophilic cytoplasm and karyophilic nuclei (—) (x400). Haematoxylin & eosin staining.
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Figure 3. Light microscopy images of the kidneys from four groups were examined: control (A), Ambroxol (B),
APAP (C), and APAP+Ambroxol (D). Figures A and B illustrate normal kidney structure, while Figure C displays
dense mononuclear cell infiltration (%) and vacuolization (—) in cells. Figure D shows vacuolization (#) and
capillary fullness (P ) in tubule epithelial cells (at a magnification of 400 times). Haematoxylin and eosin staining
was used to prepare the images.

4. CONCLUSION

One of the most significant factors that restrict the treatment of high-dose APAP, which is considered
safe in pregnant women and children, is its potential to cause hepatorenal damage. To prevent permanent
damage in liver and kidney tissues during the development of such toxicity, the use of drugs with
antioxidant properties is of great importance. Considering that APAP is commonly used as an analgesic and
antipyretic agent, it is plausible that antioxidant agents with mucus-clearing properties, such as ambroxol,
could be used not only in terms of toxicity but also as adjunctive agents in treatment.

5. MATERIALS AND METHODS
5.1. Animals

In this research, adult Wistar albino rats from both genders, each weighing between 200-250 grams,
were utilized. These rats were bred and raised at the Near East University Animal Research Center and
housed in a controlled environment with a 12-hour light-dark cycle, at 22°C. The rats had free access to
water and a standard pellet diet throughout the study. Ethical compliance was a priority; thus, the study
adhered to established ethical guidelines and received approval from the Near East University Local Ethics
Committee for Animal Experiments, under the Approval No: 56-2019/01.

5.2. Chemicals

In our study, the chemical agent we used to evaluate its toxic effects is APAP. The chemical agent we
selected, considering its potential protective effect against APAP, is ambroxol hydrochloride. The drug doses
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used for the subjects were determined based on the following studies. APAP was administered at a dose of
1000 mg/ kg [33]; AMB hydrochloride was administered at a dose of 50 mg/kg [34].

5.3. Experimental Design

The rats were allocated into four groups of six each. Group 1 was the control group; 0.9% saline
solution was administrated intraperitoneally. Group 2, AMB group, received AMB hydrochloride at a dose
of 50 mg/kg via oral gavage. Group 3, APAP group received intraperitoneal administration of APAP at a
dose of 1000 mg/kg. Group 4, APAP+AMB group, received a combination of oral gavage of AMB
hydrochloride at a dose of 50 mg/kg and intraperitoneal administration of APAP at a dose of 1000 mg/kg.
Each chemical substances were administered to the rats in a single dose, and the experiment was terminated
after 24 hours. Prior to sacrifice, the rats were anesthetized by intraperitoneal administration of xylazine (10
mg/kg) and ketamine (100 mg/kg). Intracardiac blood samples were collected from all rats using both
serum separator tubes and tubes containing EDTA. Subsequently, the rats were sacrificed, and hepatic and
renal tissues were collected for both biochemical and histomorphological examination.

5.4. Biochemical Analyses

Plasma enzyme activities, including AST, ALT, ALP, LDH, SOD, and GPx, along with urea and
creatinine levels, were quantified using commercially available assay kits (Randox, County Antrim, UK and
Mindray Chemistry Reagents, Shenzhen, China). Liver and kidney tissues were homogenized following the
method outlined by Baluchamy et al. [35], enabling the measurement of GPx and SOD activities. These
biochemical analyses were conducted using an automated clinical chemistry analyzer (BS120, Mindray),
which facilitated the quantification of enzyme activities and other biological markers.

5.5. Histomorphological Examination

Hepatic and renal tissues were placed in 10% formalin solution and kept at room temperature for 24
hours. After fixation, the tissues were embedded in paraffin using a tissue processor (Leica TP1020) and then
embedded in paraffin blocks using a paraffin embedding system (Leica EG1150). Subsequently, 5-micron
thick sections were obtained from each tissue using a microtome (Leica RM2255). The tissue sections on
slides were stained with haematoxylin and eosin after deparaffinization and then covered with coverslips.
Histomorphological examination of each tissue section was performed under a light microscope (Leica
DM500). The evaluation of liver tissue sections was conducted using the liver scoring system employed by
Ciftci et al. (2017) [36]. According to this scoring system, each liver tissue section was assessed for
eosinophilic cytoplasmic hepatocytes, karyopyknotic hepatocytes, necrosis, congestion, and mononuclear
cell infiltration. The extent of damage in 10 different fields for each criterion was graded as absent (0), mild
(1), moderate (2), or severe (3) [36-39]. The evaluation of kidney tissue sections was performed in a similar
manner to the liver tissue. The kidney tissue was assessed for mononuclear cell infiltration, tubular and
glomerular damage. Ten regions were scanned for each criterion, and the extent of damage in each region
was graded as absent (0), mild (1), moderate (2), or severe (3) [36-39].

5.6. Statistical analysis

Data analysis was conducted using GraphPad Prism 6.0 (GraphPad Software, San Diego, CA, USA).
Results were expressed as mean * standard deviation (Mean * SD). Biochemical data were analysed using
analysis of variance (ANOVA), followed by post hoc Tukey's multiple comparison tests for detailed pairwise
comparisons. For the histomorphological data, initial comparisons were made using the Kruskal-Wallis test,
followed by the Mann-Whitney U test for specific group comparisons. A p-value of less than 0.05 was
considered statistically significant.
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