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Abstract 

 
Background and purpose: Acetaminophen (APAP) is a commonly used antipyretic and pain reliever                     
that its overdose causes acute liver toxicity. Umbelliferone (UMB) has many pharmacological effects.                     
In this study, the hepatoprotective effect of UMB on acute hepatotoxicity induced by APAP was                    
investigated.  
Experimental approach: Forty-nine male mice were separated into seven groups. The control received 
vehicle (i.p.), UMB group received UMB (120 mg/kg, i.p.), APAP group was treated with a single dose of 
APAP (350 mg/kg, i.p.), and pretreated groups received N-acetylcysteine (NAC, 200 mg/kg, i.p.) or different 
doses of UMB (30, 60, and 120 mg/kg, i.p.), respectively before APAP. Twenty-four hours after APAP 
injection, mice were sacrificed and blood and liver samples were collected. Then, serum and tissue samples 
were investigated for biochemical and histological studies.  
Findings/Results: A single dose of APAP caused elevation in the serum liver enzymes, including                     
alanine aminotransferase, aspartate transaminase, and alkaline phosphatase. The amounts of thiobarbituric                     
acid reactive substances, tumor necrosis factor-alpha, and nitric oxide increased in the mice’s liver                     
tissue. Moreover, the amount of total thiol and the activity of antioxidant enzymes (catalase, superoxide 
dismutase, and glutathione peroxidase) significantly diminished in the APAP group. Histological results 
confirmed the hepatotoxicity induced by APAP. However, UMB (more effective at 60 and 120 mg/kg) 
lessened APAP-induced hepatic injuries, which is comparable with NAC effects.  
Conclusion and implications: The findings of this study provided evidence that UMB ameliorates liver injury 
induced by APAP through its antioxidant and anti-inflammatory effects.  
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INTRODUCTION 

 
The liver is the most important organ 

responsible for drug catabolism and also                    
the main sensitive site for toxicity induced                      
by drugs (1). Acetaminophen (N-acetyl-para-
aminophenol; APAP) is the most commonly 
used and popular antipyretic and pain reliever 
drug (2). At therapeutic doses (4 g/day or less), 
it can be considered effective and safe,                        
but the overdose of APAP accidentally or 

intentionally may cause severe liver injury, 
liver failure, and even death (3-5). 
Approximately 50% of all cases of liver 
damage in the United States are correlated with 
APAP (5). 
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After consumption, about 90% of the drug is 
converted to non-toxic sulfated or 
glucuronidated metabolites by the liver and 
subsequently excreted in the urine. About 2% is 
excreted in the urine unchanged, and 5-10% of 
the drug is metabolized by cytochrome                  
P450 enzymes and converted to N-acetyl-p-
benzoquinoneimine (NAPQI), a highly toxic 
metabolite of APAP, which is detoxified 
through conjugation with glutathione (GSH) 
(6). At toxic doses of APAP, sulfation and 
glucuronidation pathways become insufficient 
and hepatic GSH is depleted due to excessive 
NAPQI. As a result, it binds to cellular proteins 
in hepatocytes and causes oxidative stress, 
which ultimately leads to mitochondrial 
dysfunction, liver inflammation, and liver 
necrosis (6,7). N-acetylcysteine (NAC), a 
precursor of GSH, is currently the only antidote 
used for APAP hepatotoxicity. However, it is 
only effective in the early stages of APAP 
hepatotoxicity. In addition, several side effects, 
such as anaphylactic and gastrointestinal 
reactions have been reported, which limit its 
clinical use (8,9). Hence, it is important to find 
safe and effective compounds for APAP-
hepatotoxicity therapy. 

Umbelliferone (UMB) is a coumarin 
compound that is abundant in many members 
of the Apiaceae family, including important and 
economic plants such as alexanders, asafoetida, 
angelica, celery, cumin, parsley, and fennel 
(10). Studies have shown that UMB has 
antioxidant (11), anti-inflammatory (12), 
antimicrobial (13), and anticancer (14) effects. 
Also, its protective effects against various 
models of liver damage have been reported in 
different studies (15-18). According to the 
studies, the hepatoprotective effects of UMB 
may be due to the increase of antioxidant 
defense and reduction of inflammation in liver 
tissue (19). However, to our knowledge, its 
effect on liver injury caused by APAP has not 
been studied. Considering the antioxidant and 
anti-inflammatory effect of UMB, this study 
aimed to evaluate the effects of pretreatment of 
mice with UMB against APAP-induced acute 
hepatotoxicity. 
 

MATERIALS AND METHODS 
 
Chemicals  

APAP, UMB, dithiobis-2-nitrobenzoic acid 
(DTNB), and thiobarbituric acid (TBA) were 

provided by Sigma Chemical Co. (St Louis, 
Missouri, USA). Dimethyl sulfoxide (DMSO) 
was obtained from Merck Co., Germany. 
Alanine aminotransferase (ALT), aspartate 
transaminase (AST), and alkaline phosphatase 
(ALP) kits were purchased from Pars Azmoon 
Co. (Tehran, Iran). Catalase (CAT), superoxide 
dismutase (SOD), and GSH peroxidase (GPx) 
were provided by ZellBio GmbH Co.                   
(Ulm, Germany). Tumor necrosis factor-alpha  
(TNF-α) and nitric oxide (NO) kits were 
obtained from Abcam Co. (Cambridge, UK). 
 
Animals and ethical approval 

In this research, 49 adult male NMRI mice 
(6-8 weeks old, weighing 20-25 g) were 
provided from the laboratory animal breeding 
center of Ahvaz Jundishapur University of 
Medical Sciences (AJUMS), Iran. The mice 
were retained in polycarbonate cages at room 
temperature (25 ± 2 °C), humidity (40-50%) 
with a 12/12-h light/dark cycle, and free access 
to standard food and drinking water. Before 
starting the experiments, the mice were 
acclimated to the laboratory environment for 
one week. This study was confirmed by the 
Ethical Committee Acts of AJUMS on the use 
and care of laboratory animals (Ethics code: 
IR.AJUMS.ABHC.REC.1398.020). 
 
Study design 

The mice were accidentally selected and put 
into seven groups as follows: 
The control group received the vehicle for five 
days; the UMB group received UMB                   
(120 mg/kg) for five days; animals subjected to 
the APAP group were injected with APAP               
(350 mg/kg) on the fifth day of the study to 
induce hepatotoxicity; the NAC group received 
NAC (200 mg/kg) for five days + a single dose 
of APAP (350 mg/kg) on the fifth day of the 
study; the three remaining groups were 
pretreated with UMB at 30, 60, and 120 mg/kg 
for five days, respectively, + a single dose of 
APAP (350 mg/kg) on the fifth day of the study. 

One day before administration of APAP, 
mice were fasted and APAP was administered 
30 min after receiving the last dose of vehicle 
or drugs. APAP (20), NAC (21), and UMB (22) 
doses were selected based on the previous 
studies and injected intraperitoneally. APAP 
was dissolved in warm saline, NAC was diluted 
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with normal saline, and UMB was dissolved in 
10% DMSO. One day after the APAP injection, 
animals were anesthetized with a 
ketamine/xylazine (90/10 mg/kg) cocktail, and 
their blood samples were collected via cardiac 
puncture, and centrifuged (3,000 rpm, 15 min) 
to gain sera, and stored at -70 °C to measure the 
activity of liver enzymes. The mice livers were 
separated into two sections, one section was 
placed in 10% formalin for histological tests, 
and the other was placed at -70 °C for tissue 
factors examination. 

 
Measurement of serum activity of liver 
enzymes  

The activity of ALT, AST, and ALP enzymes 
was measured based on the manufacturer's 
instructions for standard diagnostic kits. 
 
Tissue homogenizing and measurement of 
protein content 

A portion of liver tissue from each mouse 
was homogenized with phosphate-buffered 
saline (ratio: 1:10 w/v, pH = 7.4) using a 
homogenizer at 740 rpm for 2 min and then 
centrifuged. To assess the protein concentration 
of the supernatants, the Bradford method was 
applied (23). 
 
Measurement of total thiol 

For this purpose, DTNB was added to the 
supernatant samples, and after 10 min, the 
absorbance of the yellow color created as a 
result of the reaction of DTNB with free thiol 
groups was recorded at a wavelength of 412 nm 
by a microplate reader (Tecan Austria GmbH, 
Sunrise-Basic Tecan) (24). 
 
Measurement of thiobarbituric acid reactive 
substances  

The Buege and Aust method (25) was used 
to determine the amount of thiobarbituric acid 
reactive substances (TBARS). The absorbance 
of the colored complex formed due to the 
reaction of TBA with lipid peroxides was 
recorded at 535 nm. 
 
Measurement of the activity of antioxidant 
enzymes  

CAT, SOD, and GPx enzyme activities were 
determined using commercial colorimetric kits 
based on the manufacturer’s instructions. 

based on the manufacturer’s instructions. 
 
Measurement of inflammatory markers 

TNF-α and NO levels in liver tissues of                 
mice were determined by the technique of 
enzyme-linked immunosorbent assay (ELISA) 
and commercial colorimetric kit, respectively 
based on the kit manufacturer’s instructions. 
 
Histopathological studies 

Twenty-four hours after fixing the tissues in 
10% formalin, liver tissues were embedded in 
paraffin. Then, a section of 5 μm was obtained 
and stained with hematoxylin and eosin (H&E) 
dye. For each mouse, six microscopy                   
slides were investigated to evaluate      
histological alterations (magnification: ×300). 
Histopathological alterations, including 
degeneration of hepatocytes, necrosis, 
infiltration of inflammatory cells, and dilation 
of sinusoids, and semiquantitative estimation 
and scoring were examined by a light 
microscope (Olympus, BH2-RFCA, Japan) 
(26). 
 
Statistical analysis  

Data analysis was conducted using 
GraphPad Prism (version 9.5.0) software. The 
average of data from each group was presented 
as mean ± SEM. For comparing the means of 
the groups, one-way ANOVA was used 
followed by the Tukey post-hoc test. P-values 
< 0.05 were considered significant. 
 

RESULTS 
 
UMB effects on serum markers of liver injury 

As shown in Fig. 1A-C, serum levels of 
ALT, AST, and ALP enzymes significantly 
increased after the injection of a single dose of 
APAP. The increase of these enzymes indicated 
the induction of hepatotoxicity by APAP. 
However, pretreatment with UMB (60 and                 
120 mg/kg) significantly decreased the serum 
levels of ALT and AST, and at a dose of                   
60 mg/kg, decreased the level of ALP compared 
to the APAP group. In this study, NAC,                   
as a standard treatment improved the activity of 
ALT and AST enzymes compared to the                 
APAP group.   
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Fig. 1. Effect of UMB on serum levels of (A) ALT, (B) AST, and (C) ALP in the APAP (350 mg/kg) model of 
hepatotoxicity in mice. The data are expressed as mean ± SEM. *P < 0.05 and ***P < 0.001 indicate significant 
differences in comparison with the control group; ##P < 0.01 and ###P < 0.001 versus the APAP group. UMB, 
Umbelliferone; ALT, alanine aminotransferase; AST, aspartate transaminase; ALP, alkaline phosphatase; APAP, 
acetaminophen; NAC, N-acetylcysteine. 
 
UMB effects on total thiol and TBARS levels 
in liver tissue 

In the APAP group, the amount of total thiol 
was significantly reduced (Fig. 2A) and 
TBARS levels significantly increased (Fig. 2B) 
compared to the control group. Pretreatment 
with UMB (30, 60, and 120 mg/kg) 
significantly increased total thiol levels 
compared to the APAP group. In addition, 
pretreatment with UMB at doses of 60 and                   
120 mg/kg significantly diminished the amount 
of TBARS compared to the APAP group. Also, 
NAC significantly enhanced total thiol and 
decreased TBARS levels compared to the 
APAP group. 
 

UMB effects on the activity of antioxidant 
enzymes in liver tissue 

The enzymatic activities of CAT, SOD,                   
and GPx (Fig. 3A-C) in the APAP group                   
were significantly diminished compared                   
with the control group. UMB-pretreated                   
group (60 mg/kg) significantly elevated                   
the activity of GPx enzyme, and at                   
60 and 120 mg/kg, dose-dependently                   
increased CAT and SOD activity                   
compared with the APAP group. Also,                   
NAC significantly elevated the activity                   
of these enzymes compared to the APAP     
group.   
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Fig. 2. Effect of UMB on (A) total thiol and (B) TBARS in the APAP (350 mg/kg) model of hepatotoxicity in mice. The 
data are expressed as mean ± SEM. ***P < 0.001 Indicates significant differences in comparison with the control group; 
#P < 0.05, ##P < 0.01, and ###P < 0.001 versus the APAP group. UMB, Umbelliferone; TBARS, thiobarbituric acid reactive 
substances; APAP, acetaminophen; NAC, N-acetylcysteine 
 
 

 
Fig. 3. Effect of UMB on (A) CAT, (B) SOD, and (C) GPx enzyme activity in the APAP (350 mg/kg) model of 
hepatotoxicity in mice. The data are expressed as mean ± SEM. *P < 0.05, **P < 0.01, and ***P < 0.001 indicate 
significant differences in comparison with the control group; #P < 0.05, ##P < 0.01, and ###P < 0.001 versus the APAP 
group. UMB, Umbelliferone; CAT, catalase; SOD, superoxide dismutase; GPx, glutathione peroxidase; APAP, 
acetaminophen; NAC, N-acetylcysteine.  
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UMB effects on inflammatory factors of liver 
tissue 

To evaluate the involvement of 
inflammation in the hepatoprotective effects of 
UMB on liver injury induced by APAP, hepatic 
TNF-α and NO were measured. As indicated in 
Fig. 4A and B, the levels of TNF-α and NO 
significantly increased in the APAP group 
compared with the control group. UMB (30, 60, 
and 120 mg/kg) significantly decreased TNF-α 
level compared with the APAP group, and at 
doses of 60 and 120 mg/kg significantly 
decreased APAP-induced elevation of NO 
level. Additionally, NAC significantly 
improved the levels of inflammatory factors 
compared to the APAP group. 

UMB effects on histopathological factors 
In the control group and the group receiving 

UMB alone at 120 mg/kg, the appearance                   
of the liver tissue was normal. Centrilobular 
necrosis, hepatocyte degeneration, dilation                   
of sinusoids, and infiltration of the 
inflammatory cells were observed in the APAP 
group. UMB pretreated groups (60 and 120 
mg/kg) reduced APAP-induced hepatic 
injuries. This reduction was more evident                   
in the group receiving UMB at 120 mg/kg                
(Fig. 5 and Table 1). Moreover, in the                   
NAC pretreated group, a small number                   
of inflammatory and necrotic cells were                   
observed, and no significant pathological 
damage was indicated. 

 

 
Fig. 4. Effect of UMB on (A) TNF-α and (B) NO in the APAP (350 mg/kg) model of hepatotoxicity in mice. The data are 
expressed as mean ± SEM. ***P < 0.001 Indicates significant differences in comparison with the control group; #P < 0.05,                  
##P < 0.01, and ###P < 0.001 versus the APAP group. UMB, Umbelliferone; TNF-α, tumor necrosis factor alpha; NO, nitric 
oxide; APAP, acetaminophen; NAC, N-acetylcysteine. 

 

 
Fig. 5. Evaluation of the effect of UMB (mg/kg) on liver tissue changes in the APAP (350 mg/kg) model of hepatotoxicity 
in mice using hematoxylin and eosin staining; magnification: ×300, scale bar: 100 µm. Green arrows: necrosis, black 
arrows: infiltration of inflammatory cells, white arrows: degeneration of hepatocytes, and blue arrows: dilation of 
sinusoids. UMB, Umbelliferone; APAP, acetaminophen; NAC, N-acetylcysteine. 
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Table 1. Effect of UMB on histopathological parameters of liver tissue in the APAP (350 mg/kg) model of 
hepatotoxicity in mice. Signs indicate normal (-), mild (+), moderate (++), severe (+++), and very severe (++++) injury. 

Histological 
criteria 

Control APAP 
NAC  
(200 mg/kg)  
+ APAP 

UMB  
(30 mg/kg) 
+ APAP 

UMB  
(60 mg/kg) 
+ APAP 

UMB  
(120 mg/kg) 
+ APAP 

UMB  
(120 mg/kg) 

Degeneration of 
hepatocytes 

- ++++ - ++++ ++ + - 

Necrosis - ++++ ++ ++++ + - - 

Infiltration of 
inflammatory cells 

- ++++ ++ ++++ ++ - - 

Dilation of 
sinusoids 

- ++++ ++ ++++ +++ + - 

 
DISCUSSION 

 
Drug toxicity is one of the main reasons for 

acute liver failure. APAP is one of the drugs 
that causes acute hepatotoxicity when taken in 
high doses. Various mechanisms have been 
suggested for APAP hepatotoxicity, including 
oxidative stress, inflammation, and the role of 
the apoptotic pathway (27).  

Many phytochemicals have been 
scientifically studied due to their different 
pharmacological properties in APAP 
hepatotoxicity (28). UMB is a derivative of 
coumarin, also known as 7-hydroxycoumarin 
and has received much attention in various 
studies due to its antioxidant and anti-
inflammatory features (19,29). Thus, in the 
present study, we investigated the possible 
hepatoprotective effects of UMB on APAP-
induced mouse hepatotoxicity. 

In the present study, UMB as a 
hepatoprotective agent (more effective at 60 
and 120 mg/kg)  lessened the APAP-induced 
oxidative stress and inflammation and 
increased the antioxidant defense in the liver 
tissue of mice (Fig. 6). This research 
demonstrated that a single dose of APAP (350 
mg/kg) caused hepatotoxicity. Evidence for this 
claim was a significant increase in the activity 
of serum liver enzymes (ALT, AST, and ALP), 
degeneration of hepatocytes, necrosis, dilation 
of sinusoids, and infiltration of inflammatory 
cells in the liver tissue. Consistent with our 
study, these hepatotoxic effects of APAP were 
also observed in the other studies (30-33). Our 
results indicated that UMB reduced liver 
enzymes and improved histological changes 
induced by APAP. In a similar study, Yin et al. 
showed that UMB decreased liver enzymes and 

histological changes in a diabetic mice liver 
injury model (16). In another study conducted 
by Mahmoud et al. UMB was able to reduce 
cyclophosphamide-induced liver 
histopathological changes, which is consistent 
with our study (15). 

One of the main mechanisms of 
hepatotoxicity induced by APAP has been 
reported to be oxidative stress and the 
production of reactive oxygen species (ROS) 
(34). The active metabolite of APAP, NAPQI, 
binds to thiol groups of GSH and other 
cysteine-containing proteins in the hepatocytes. 
Therefore, depletion of GSH is considered one 
of the major biomarkers for the hepatotoxicity 
caused by APAP. In addition, the depletion of 
GSH causes endogenous ROS, such as 
superoxide and hydroxyl radicals, to bind to 
cellular macromolecules resulting in lipid 
peroxidation, membrane breakdown, and cell 
death (35,36). Moreover, studies have shown 
that the activity of antioxidant enzymes reduces 
as a result of APAP-induced liver damage (37). 
Our study showed that APAP increased the 
levels of TBARS and diminished the amount of 
total thiol and antioxidant enzyme activities 
(CAT, SOD, and GPx) in the mice’s liver. 
Based on the results, UMB reduced TBARS 
and increased antioxidant defense by increasing 
the amount of total thiol and the activity of the 
mentioned enzymes, which is consistent with a 
previous study by Ramesh and Pugalendi (11). 
Also, another study investigated the 
neuroprotective effects of UMB on the 
Parkinson's disease model and showed that 
UMB prevented neuronal damage against 
MPTP (1-methyl-4-phenyl-1, 2, 3, 6-
tetrahydropyridine)-induced toxicity due to its 
antioxidant effects (38).  
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Fig. 6. The hepatoprotective effects of umbelliferone on acute hepatotoxicity caused by APAP in mice. APAP, 
acetaminophen; NAPQI, N-acetyl-p-benzoquinoneimine; ALT, alanine aminotransferase; AST, aspartate transaminase; 
ALP, alkaline phosphatase; TBARS, thiobarbituric acid reactive substances; CAT, catalase; SOD, superoxide dismutase; 
GPx, glutathione peroxidase; NO, nitric oxide; TNF-α, tumor necrosis factor-alpha.  

 
It has been demonstrated that the oxidative 

stress caused by APAP leads to an increase in 
the release of pro-inflammatory cytokines, such 
as TNF-α, which is involved in APAP 
hepatotoxicity (39). It has been known that 
TNF-α induces neutrophil accumulation in the 
liver, macrophage stimulation, and NO 
production in hepatocytes, which further 
increase hepatotoxicity caused by APAP (40). 
In this study, APAP significantly improved the 
levels of TNF-α and NO in the liver tissues of 
mice compared to the control group. Our results 
showed that UMB suppresses APAP-induced 
elevation in TNF-α and NO levels, which are 
consistent with the findings of previous studies 
(12,41-43). 
 

CONCLUSION 
 

The findings of this study revealed that 
APAP causes toxicity in the mice's liver. Also, 
oxidative stress and inflammation played an 
important role in activating this toxicity. Our 
results showed that UMB improved the hepatic 
injury caused by APAP. The findings of the 
present study provided evidence that UMB, 
with its antioxidant properties, alleviates 
oxidative stress, suppresses APAP-induced 
inflammation with its anti-inflammatory effect, 
and protects mice's liver, which is comparable 
with NAC effects. Thus, UMB may serve as a 

complementary or alternative therapeutic factor 
for NAC to prevent APAP-induced acute 
hepatotoxicity. 
 
Acknowledgments 

This paper has been extracted from the 
Pharm.D. thesis of S. Sadeghinejad and was 
financially supported by the Vice Chancellor of 
Research of Ahvaz Jundishapur University of 
Medical Sciences, Ahvaz, Iran through Grant 
No. TRC-9808. 
 
Conflicts of interest statement 

The authors declared that no conflict of 
interest in this study. 
 
Authors’ contributions 

S. Sadeghinejad contributed to the 
experimental studies, data acquisition, and 
manuscript preparation. M. Moosavi 
contributed to conceptualization and 
supervision. L. Zeidooni contributed to 
methodology, statistical analysis, and 
manuscript preparation. E. Mansouri 
interpreted the pathology-related data.                   
Sh. Mohtadi analyzed the data and wrote and 
revised the manuscript. M.J. Khodayar 
contributed to the conceptualization, 
supervision, validation, review, and editing of 
the manuscript. The finalized article was read 
and approved by all the authors. 



Umbelliferone effects on acetaminophen hepatotoxicity 

91 

REFERENCES 
 
1. Rada P, Pardo V, Mobasher MA, García-Martínez I, 

Ruiz L, Gonzalez-Rodriguez A, et al. SIRT1 controls 
acetaminophen hepatotoxicity by modulating 
inflammation and oxidative stress. Antioxid Redox 
Signal. 2018;28(13):1187-1208.  
DOI: 10.1089/ars.2017.7373. 

2. Lim JY, Yun DH, Lee JH, Kwon YB, Lee YM, Lee 
DH, et al. Extract of Triticum aestivum sprouts 
suppresses acetaminophen-induced hepatotoxicity in 
mice by inhibiting oxidative stress. Molecules. 
2021;26(21):6336,1-13.  
DOI: 10.3390/molecules26216336. 

3. Ramachandran A, Jaeschke H. Acetaminophen 
hepatotoxicity. Semin Liver Dis. 2019;39(2):221-234.  
DOI: 10.1055/s-0039-1679919. 

4. Ren YS, Zheng Y, Duan H, Lei L, Deng X, Liu XQ, 
et al. Dandelion polyphenols protect against 
acetaminophen-induced hepatotoxicity in mice via 
activation of the Nrf-2/HO-1 pathway and inhibition 
of the JNK signaling pathway. Chin J Nat Med. 
2020;18(2):103-113.  
DOI: 10.1016/S1875-5364(20)30011-X. 

5. Choi JH, Jin SW, Lee GH, Han EH, Hwang YP, 
Jeong HG. Rutaecarpine protects against 
acetaminophen-induced acute liver injury in mice by 
activating antioxidant enzymes. Antioxidants (Basel). 
2021;10(1):86,1-11.  
DOI: 10.3390/antiox10010086. 

6. Chun LJ, Tong MJ, Busuttil RW, Hiatt JR. 
Acetaminophen hepatotoxicity and acute liver failure. 
J Clin Gastroenterol. 2009;43(4):342-349.  
DOI: 10.1097/MCG.0b013e31818a3854v. 

7. Liu FC, Yu HP, Chou AH, Lee HC, Liao CC. Corilagin 
reduces acetaminophen-induced hepatotoxicity 
through MAPK and NF-κB signaling pathway in a 
mouse model. Am J Transl Res. 2020;12(9):5597-5607.  
PMID: 33042441. 

8. Khayyat A, Tobwala S, Hart M, Ercal N. N-
acetylcysteine amide, a promising antidote for 
acetaminophen toxicity. Toxicol Lett. 2016;241:133-
142.  
DOI: 10.1016/j.toxlet.2015.11.008. 

9. Zhao Z, Wei Q, Hua W, Liu Y, Liu X, Zhu Y. 
Hepatoprotective effects of berberine on 
acetaminophen-induced hepatotoxicity in mice. 
Biomed Pharmacother. 2018;103:1319-1326.  
DOI: 10.1016/j.biopha.2018.04.175. 

10. Mazimba O. Umbelliferone: sources, chemistry and 
bioactivities review. Bull Fac Pharm Cairo Univ. 
2017;55(2):223-232.  
DOI: 10.1016/j.bfopcu.2017.05.001. 

11. Ramesh B, Pugalendi KV. Antioxidant role of 
umbelliferone in STZ-diabetic rats. Life Sci. 
2006;79(3):306-310.  
DOI: 10.1016/j.lfs.2006.01.005. 

12. Islam MN, Choi RJ, Jin SE, Kim YS, Ahn BR, Zhao 
D, et al. Mechanism of anti-inflammatory activity of 
umbelliferone 6-carboxylic acid isolated from 
Angelica decursiva. J Ethnopharmacol. 2012; 
144(1):175-181.  
DOI: 10.1016/j.jep.2012.08.048. 

13. Luzi F, Puglia D, Dominici F, Fortunati E, Giovanale 
G, Balestra G, et al. Effect of gallic acid and 
umbelliferone on thermal, mechanical, antioxidant 
and antimicrobial properties of poly (vinyl alcohol-
co-ethylene) films. Polym Degrad Stab. 
2018;152:162-176.  
DOI: 10.1016/j.polymdegradstab.2018.04.015. 

14. Yu SM, Hu DH, Zhang JJ. Umbelliferone exhibits 
anticancer activity via the induction of apoptosis and 
cell cycle arrest in HepG2 hepatocellular carcinoma 
cells. Mol Med Rep. 2015;12(3):3869-3873.  
DOI: 10.3892/mmr.2015.3797. 

15. Mahmoud AM, Germoush MO, Alotaibi MF, 
Hussein OE. Possible involvement of Nrf2 and 
PPARγ up-regulation in the protective effect of 
umbelliferone against cyclophosphamide-induced 
hepatotoxicity. Biomed Pharmacother. 2017;86:297-
306.  
DOI: 10.1016/j.biopha.2016.12.047. 

16. Yin J, Wang H, Lu G. Umbelliferone alleviates 
hepatic injury in diabetic db/db mice via inhibiting 
inflammatory response and activating Nrf2-mediated 
antioxidant. Biosci Rep. 
2018;38(4):BSR20180444,1-27.  
DOI: 10.1042/BSR20180444. 

17. Mahmoud AM, Hozayen WG, Hasan IH, Shaban E, 
Bin-Jumah M. Umbelliferone ameliorates CCl4-
induced liver fibrosis in rats by upregulating PPARγ 
and attenuating oxidative stress, inflammation, and 
TGF-β1/Smad3 signaling. Inflammation. 
2019;42(3):1103-1116.  
DOI: 10.1007/s10753-019-00973-8. 

18. Shalkami AGS, Hassanein EHM, Sayed AM, 
Mohamed WR, Khalaf MM, Hemeida RA. 
Hepatoprotective effects of phytochemicals berberine 
and umbelliferone against methotrexate-induced 
hepatic intoxication: experimental studies and in 
silico evidence. Environ Sci Pollut Res Int. 
2021;28(47):67593-67607.  
DOI: 10.1007/s11356-021-15358-4. 

19. Germoush MO, Othman SI, Al-Qaraawi MA, Al-
Harbi HM, Hussein OE, Al-Basher G, et al. 
Umbelliferone prevents oxidative stress, 
inflammation and hematological alterations, and 
modulates glutamate-nitric oxide-cGMP signaling in 
hyperammonemic rats. Biomed Pharmacother. 
2018;102:392-402.  
DOI: 10.1016/j.biopha.2018.03.104. 

20. Yang S, Kuang G, Jiang R, Wu S, Zeng T, Wang Y, 
et al. Geniposide protected hepatocytes from 
acetaminophen hepatotoxicity by down-regulating 
CYP 2E1 expression and inhibiting TLR 4/NF-κB 
signaling pathway. Int Immunopharmacol. 
2019;74:105625,1-8.  
DOI: 10.1016/j.intimp.2019.05.010. 

21. Raevens S, Van Campenhout S, Debacker PJ, Lefere 
S, Verhelst X, Geerts A, et al. Combination of 
sivelestat and N‐acetylcysteine alleviates the 
inflammatory response and exceeds standard 
treatment for acetaminophen‐induced liver injury. J 
Leukoc Biol. 2020;107(2):341-355.  
DOI: 10.1002/JLB.5A1119-279R. 



Sadeghinejad et al. / RPS 2024; 19(1): 83-92 

92 

22. Kwak SC, Baek JM, Lee CH, Yoon KH, Lee MS, 
Kim JY. Umbelliferone prevents lipopolysaccharide-
induced bone loss and suppresses RANKL-induced 
osteoclastogenesis by attenuating Akt-c-Fos-
NFATc1 signaling. Int J Biol Sci. 2019;15(11):2427-
2437.  
DOI: 10.7150/ijbs.28609. 

23. Bradford MM. A rapid and sensitive method for the 
quantitation of microgram quantities of protein 
utilizing the principle of protein-dye binding. Anal 
Biochem. 1976;72(1-2):248-254.  
DOI: 10.1006/abio.1976.9999. 

24. Ellman GL. Tissue sulphydryl groups. Arch Biochem 
Biophys. 1959;82(1):70-77.  
DOI: 10.1016/0003-9861(59)90090-6. 

25. Buege JA, Aust SD. Microsomal lipid peroxidation. 
Methods Enzymol. 1978;52:302-310.  
DOI: 10.1016/S0076-6879(78)52032-6. 

26. Nikravesh H, Khodayar MJ, Mahdavinia M, 
Mansouri E, Zeidooni L, Dehbashi F. Protective 
effect of gemfibrozil on hepatotoxicity induced by 
acetaminophen in mice: the importance of                  
oxidative stress suppression. Adv Pharm Bull. 
2018;8(2):331-339.  
DOI: 10.15171/apb.2018.038. 

27. Ramachandran A, Jaeschke H. Mechanisms of 
acetaminophen hepatotoxicity and their translation to 
the human pathophysiology. J Clin Transl Res. 
2017;3(1):157-169.  
DOI: 10.18053/jctres.03.2017S1.002. 

28. Subramanya SB, Venkataraman B, Meeran MFN, 
Goyal SN, Patil CR, Ojha S. Therapeutic potential of 
plants and plant derived phytochemicals against 
acetaminophen-induced liver injury. Int J Mol Sci. 
2018;19(12):3776,1-43. 
DOI: 10.3390/ijms19123776. 

29. Garud MS, Kulkarni YA. Attenuation of renal 
damage in type I diabetic rats by umbelliferone-a 
coumarin derivative. Pharmacol Rep. 
2017;69(6):1263-1269.  
DOI: 10.1016/j.pharep.2017.06.014. 

30. Kim SJ, Kim KM, Yang JH, Cho SS, Kim JY, Park 
SJ, et al. Sestrin2 protects against acetaminophen-
induced liver injury. Chem Biol Interact. 
2017;269:50-58.  
DOI: 10.1016/j.cbi.2017.02.002. 

31. Elbe H, Gul M, Cetin A, Taslidere E, Ozyalin F, 
Turkoz Y, et al. Resveratrol reduces light and 
electron microscopic changes in acetaminophen-
induced hepatotoxicity in rats: role of                                
iNOS expression. Ultrastruct Pathol. 2018;42(1):                 
39-48.  
DOI: 10.1080/01913123.2017.1374313. 

32. Ghobadi S, Dastan D, Soleimani M, Nili-
Ahmadabadi A. Hepatoprotective potential and 
antioxidant activity of Allium tripedale in 
acetaminophen-induced oxidative damage. Res 
Pharm Sci. 2019;14(6):488-495.  
DOI: 10.4103/1735-5362.272535. 

33. Menisy GM, Zakaria S, Suddek GM. Nilotinib 
alleviated acetaminophen-induced acute hepatic 
injury in mice through inhibiting HIF-1alpha/VEGF-

signaling pathway. Int Immunopharmacol. 
2022;112:109268.  
DOI: 10.1016/j.intimp.2022.109268. 

34. Reid AB, Kurten RC, McCullough SS, Brock RW, 
Hinson JA. Mechanisms of acetaminophen-induced 
hepatotoxicity: role of oxidative stress and 
mitochondrial permeability transition in freshly 
isolated mouse hepatocytes. J Pharmacol Exp Ther. 
2005;312(2):509-516.  
DOI: 10.1124/jpet.104.075945. 

35. Simeonova R, Vitcheva V, Kondeva-Burdina M, 
Krasteva I, Manov V, Mitcheva M. Hepatoprotective 
and antioxidant effects of saponarin, isolated from 
Gypsophila trichotoma Wend. on paracetamol-
induced liver damage in rats. Biomed Res Int. 
2013;2013:757126,1-11.  
DOI: 10.1155/2013/757126. 

36. Akgun E, Boyacioglu M, Kum S. The potential 
protective role of folic acid against acetaminophen-
induced hepatotoxicity and nephrotoxicity in rats. 
Exp Anim. 2021;70(1):54-62.  
DOI: 10.1538/expanim.20-0075. 

37. Teng CY, Lai YL, Huang HI, Hsu WH, Yang CC, 
Kuo WH. Tournefortia sarmentosa extract attenuates 
acetaminophen-induced hepatotoxicity. Pharm Biol. 
2012;50(3):291-396.  
DOI: 10.3109/13880209.2011.602695. 

38. Subramaniam SR, Ellis EM. Neuroprotective effects 
of umbelliferone and esculetin in a mouse model of 
Parkinson's disease. J Neurosci Res. 2013;91(3):453-
461.  
DOI: 10.1002/jnr.23164. 

39. Chen LC, Hu LH, Yin MC. Alleviative effects from 
boswellic acid on acetaminophen-induced hepatic 
injury. Biomedicine (Taipei). 2017;7(2):46-53.  
DOI: 10.1051/bmdcn/2017070207. 

40. Dambach DM, Durham SK, Laskin JD, Laskin DL. 
Distinct roles of NF-κB p50 in the regulation of 
acetaminophen-induced inflammatory mediator 
production and hepatotoxicity. Toxicol Appl 
Pharmacol. 2006;211(2):157-165.  
DOI: 10.1016/j.taap.2005.06.024. 

41. Yoshioka H, Aoyagi Y, Fukuishi N, Gui MY, Jin YR, 
Li XW, et al. Suppressive effect of kamebakaurin on 
acetaminophen-induced hepatotoxicity by inhibiting 
lipid peroxidation and inflammatory response in 
mice. Pharmacol Rep. 2017;69(5):903-907.  
DOI: 10.1016/j.pharep.2017.04.004. 

42. Hassanein EH, Khader HF, Elmansy RA, Seleem HS, 
Elfiky M, Mohammedsaleh ZM, et al. Umbelliferone 
alleviates hepatic ischemia/reperfusion-induced 
oxidative stress injury via targeting Keap-1/Nrf-
2/ARE and TLR4/NF-κB-p65 signaling pathway. 
Environ Sci Pollut Res Int. 2021;28(47):  67863-
67879.  
DOI: 10.1007/s11356-021-15184-8. 

43. Gungor H, Ekici M, Ates MB. Lipid-lowering, anti-
inflammatory, and hepatoprotective effects of 
isorhamnetin on acetaminophen-induced 
hepatotoxicity in mice. Drug Chem Toxicol. 
2023:46(3):566-574.  
DOI: 10.1080/01480545.2022.2069256.  


