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Abstract: Acetaminophen (APAP), commonly used in clinical prescription, has time- and dose-dependent side ef-
fects. Thus, further animal study warrants to be investigated to assess possible adverse effect of APAP application.
Here, we conducted pre-clinical research to elucidate the molecular mechanism regarding APAP-mediated toxico-
logical action. Our data showed that serous/urinary and hepatic/renal APAP concentrations were significantly in-
creased when compared with normal control, which the liver tissue showed the highest level. As an acute liver dam-
age model induced by APAP, absolute liver weight, serum enzyme (ALT), urine protein content were notably elevated.
Representatively, APAP-damaged liver resulted in increased pro-apoptotic Bax and compensatory Ki-67 positive
cells, while the number of anti-apoptotic Bcl2 positive cells was reduced. In addition, the immunoactivity markers for
NF-kB, TRL4, TNF-a in the kidney were increased, respectively. Furthermore, intracellular TRL4 and TNF-oc mRNAs
in the liver and kidney showed significant up-regulation. In summary, our current findings demonstrate that APAP-
mediated the specific cytotoxicity is linked to the molecular mechanisms of facilitating apoptosis and inflammatory
stress in the liver and kidney.
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Introduction

In therapeutic practice, acetaminophen (APAP)
is widely applied in managing pain and fever,
even cancer pain or post-surgery [1]. Once
being abused, unregulated dose can lead to
hepatic failure and other complications. APAP
can induce serious liver injury if more than rec-
ommended dosage is taken, as reported world-
wide [2]. Specifically, some unwanted symp-
toms, such as asthma, hearing loss and renal
toxicity, are found in many clinical cases, in
which kidney dysfunction occurs in around 2%
of patients taking overdose of APAP [3]. APAP is
metabolized mainly by hepatic cytochrome
P450, however, the excessive production of
quinone metabolite is toxic to liver cells in turn.
As one of intermediate products, N-acetyl-p-
benzoquinonimine (NAPQI) is toxic byproduct
and it is primarily responsible for the cytotoxic-
ity mediated by APAP [4]. Acute liver damage

represents a pathological condition character-
ized by pronounced inflammatory response. On
the other hand, increasing evidences have
found that dosed use of APAP can induce kid-
ney dysfunction, including acute and chronic
renal failure [5]. However, the molecular mecha-
nism of APAP-induced hepatotoxicity and neph-
rotoxicity has not completely understood. On
the basis of our preliminary observations, the
current study was designed to highlight the
adverse effects of APAP-associated structural
dysfunctions of the liver and kidney, as well as
to discuss the underlying mechanisms.

Materials and methods
Chemicals

Commercially available acetaminophen (APAP)
was purchased from Smith Kline & French
Laboratorles Ltd. (Tianjin, China). The other re-
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agents used were listed in following experimen-
tal necessity, respectively.

Laboratory mice

Adult male Kunming (KM) mice (8-week-old,
approximately 25+2 g), were purchased from
the Experimental Animal Centre of Guangxi
Medical University (Nanning, China). Laboratory
processes were implemented following by the
protocols of Institutional Ethical Committee of
Guangxi Medical University.

As reported previously, APAP-induced acute
liver damage in mice were prepared [6]. All the
animals were acclimatized for one week prior
to further experiments. The mice in APAP-
damaged group were treated by oral gavage
with single dose of freshly-prepared APAP solu-
tion in physiological saline (300 mg/kg, w/w),
while the control mice were administered with
the same volume of saline. After 16 h fasting,
the urine was harvested, and then all mice
were Killed via cervical dislocation and collect-
ed serum. After recording the liver weight,
respective liver and kidney specimens were iso-
lated and stored until further assays.

Liver index (%) = Liver weight/Body weight x
100%

Instrumental analysis of HPLC

Blood, urine and tissue samples were pro-
cessed with acid-reagents for deproteinization.
In addition, dosed concentrations of internal
standard of APAP (Yuanye Biology Co. Ltd.
Shanghai, China) were prepared. The superna-
tants were harvested by centrifuging on 1,4500
rmp for 10 min at room temperature. Aliquot
vial samples were injected into the HPLC sys-
tem (Shimadzu, Japan) for the determination
of APAP. Chromatography was conducted by
Shimadzu LC-20A System, equipped with a SIL-
20AC detector and an automatic sample injec-
tor. The separation equipment was achieved
by using a ASTON RG C18 column (4.6 mm x 50
mm i.d., 5 ym; ANAX, China). The column condi-
tion was maintained at 45°C. A mixture of a
ratio with acetonitrile:sisopropanol:purified wa-
ter = 23:8:69 in triethylamine solution (pH =
6.9) was used as the mobile phase at a flow
rate of 1.1 mL/min. The optical signal detector
of HPLC was set on 230 nm wavelengths. Peak
of APAP was identified by comparison of reten-
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tion time of internal standard and tested sam-
ples. The contents of APAP from each sample
were quantified, and final data were expressed
as ug/ml per protein.

Serological and urinary assay

Serum aminotransferase (ALT) level and pro-
teinuria content were calculated by using com-
mercially available kits from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China).

Routine and immunocytochemical stains

As referenced in our pervious study [6], the liver
and kidney samples were pre-fixed with 10%
neutral formalin before being cut into 5 ym sec-
tions. Then, some of slices were subjected to
hematoxylin and eosin staining. In addition,
other sections were dewaxed by xylene and
rehydrated via different levels of ethanol. When
being blocking with 10% BSA for 1 h at room
temperature, liver samples were incubated
with rabbit anti-Bcl2, BAX, Ki67 antibodies, and
Kidney sections were exposed to rabbit anti-NF-
kB, TLR4, TNF-a (1:400; Boster, Wuhan, China),
followed by horseradish peroxidase (HRP) con-
jugated anti-rabbit secondary antibody (1:1000;
Boster, Wuhan, China) for 1 h at room tempera-
ture. Diaminobenzidine (DAB) was used for
colour development on antigen-antibody com-
plex before counterstaining with hematoxylin.
Subsequently, the sections were mounted, and
imaged.

PCR analysis

Total RNAs of liver and kidney were isolated by
using Trizol kit (Aidlab Biotechnologies Co., Ltd.,
Beijing, China). The purity of extracted RNAs
concentrations was validated by using a spec-
trophotometer (Bio-Rad, USA) during the read-
ings of 1.8-2.0 in A260/A280 ratio. 0.5 mg of
RNA from each sample was adversely convert-
ed to cDNA through Revert Aid First Strand
cDNA Synthesis kit (Thermo Scientific, USA).
The designed PCR primers (TRL4 and TNF-a
MRNAs) were commercially provided by Takara
Biotechnology Co., Ltd (Dalian, China). The
detailed sequences and PCR reactions were
described as our previous report [6].

Statistical analysis

Statistical data was conducted by using statis-
tical product and service solutions (SPSS) 19.0
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Figure 2. APAP elevated concentrations of aminotransferase and urine pro-
tein. Statistical data was analyzed by using SPSS 19.0 software. Differences
between two-compared groups were assessed by a one-way analysis of vari-
ance (ANOVA) followed by Student’s t-test. Result was expressed as mean + SD.

Notes: vs. Control (ctrl), 2P<0.05.

software. Differences between two compared
groups were assessed by a one-way analysis of
variance (ANOVA) followed by Tukey’s test using
in HPLC analysis or Student’s t-test using in
biochemical and PCR assays. Result was
expressed as mean = SD. A P less than 0.05
was considered as statistically significant.
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of liver functional enzyme
(ALT) and urine protein wh-
en compared to these in
untreated mice (P<0.05)
(Figure 2).

APAP affected inflamma-
tion-related mRNAs in the liver and kidney

In PCR readings, intrahepatic mRNAs of TLR4,
TNF-a in APAP-treated mice was increased sig-
nificantly, when compared to those in control
(P<0.05), whereas the notably up-regulated lev-
els of TLR4, TNF-a mRNAs were observed in
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Figure 3. APAP affected inflammation-related mRNAs in liver and kidney samples. Statistical data was analyzed by
using SPSS 19.0 software. Differences between two-compared groups were assessed by a one-way analysis of vari-
ance (ANOVA) followed by Student’s t-test. Result was expressed as mean * SD. Notes: vs. Control (ctrl), 2P<0.05.
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Figure 4. APAP altered expression of regulator proteins in the liver and kidney (Immunohistochemistry stains, scale
bar = 200 um). As a result, APAP exposure showed up-regulated expression of apoptosis-regulated protein in liver
cells, and elevated level of inflammation-regulated protein in kidney cells.

APAP-treated kidney (P<0.05). However, these
expressed mRNAs were no significant differ-
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ence between the liver and kidney samples
(Figure 3).
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APAP altered expression of regulator proteins
in the liver and kidney

To characterize the APAP-induced cytotoxicity,
signaling-associated proteins were validated
by immunostaining. Compared to control, APAP-
damaged mice resulted in increased pro-apop-
totic Bax and compensatory Ki-67 immunore-
active cells in liver cells, while the amount of
anti-apoptotic Bcl2 positive cells was reduced
(P<0.05). In addition, the immunoactivity mark-
ers for NF-kB, TRL4, TNF-a in the kidney were
visibly increased, respectively, when compared
to those in the untreated kidney (P<0.05)
(Figure 4).

Discussion

Acute liver injury induced by acetaminophen
(APAP) may occur when overdose intake [7].
Increasing evidences have found APAP-induced
liver cell necrosis [8], however, the molecular
mechanism behind this action has not yet com-
pletely elucidated. In addition to liver toxicity,
APAP-induced abnormalities in other key organs
warrant to be further investigated. In the pres-
ent study, APAP resulted in significantly incre-
ased liver weight and liver index, which these
visible observations showed APAP-induced
hepatotoxicity. In addition, APAP accumulation
in blood, urine, liver and kidney was significant
when compared to those in untreated mice.
Notably, the APAP contents in kidney and urine
were greater than these in the liver as shown in
HPLC assay, implying that APAP-medicated
immediate damage might be occurred in the
kidney cells. Therefore, the possible adverse
effects induced by APAP could be identified on
the liver and kidney tissues.

To validate the adverse effects of APAP-induced
cytotoxicity on target organs, some representa-
tive parameters were determined. Alanine
transaminase (ALT) with abnormally elevated
serum level can be used in clinical measure-
ment for liver damage [8]. Albuminuria (urine
protein) refers to the pathological condition
that excessive albumin is abnormally accumu-
lated in the urine, resulting in kidney damage
over time [9]. As a result, APAP-treated mice
had higher levels of serum ALT and urine pro-
tein, suggesting immediate impairments of
APAP-induced toxicity to liver and kidney cells.
However, the possible underlying mechanism
needed to be explored.
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Bcl-2 (B-cell ymphoma 2) represents a specific
functional protein that regulates cell fate [10],
especially inhibition of apoptosis. Instead,
apoptosis regulator BAX is a protein that func-
tions as pro-apoptotic regulator involved in cell
death [11]. Ki-67 is a nuclear protein that is
commonly used as a cell biomarker, and it is
necessary for cellular proliferation [12]. There-
fore, our findings exhibited that abnormally
altered expressions of Bcl-2, BAX and BAX pro-
teins in liver cells by APAP treatment, indicat-
ing that apoptosis-dependent pathway was
occurred in APAP-damaged liver. Hepatic Ki-67
positive cell was consistent with the conse-
quence of APAP-induced apoptosis.

Tumor necrosis factor (TNF-a) is a regulator
cytokine that is responsible for pro-inflammato-
ry stress and promoting the acute damage [13].
Further, NF-kB is a nucleoprotein that controls
gene and cell activities, such as transcription of
DNA, production of cytokine and cell survival.
Incorrect regulation of NF-kB has been associ-
ated with inflammatory disorder [14]. Biolo-
gically, toll-like receptor 4 (TLR4) has found to
be a vital controller in promotion of the immune
and inflammation activities in the body. The
post-effect of TLR4 is achieved via NF-kB sig-
naling, leading to activation of downstream
effectors [15], such as TNF-a. Therefore, sup-
pression of TLR4/NF-kB signaling pathway can
be attributed to reduction of organ toxicity. In
this study, our current representative data
showed that intrarenal inflammation-associat-
ed effectors, including TNF-a, TLR4 and NF-kB
positive cells, were increased in the kidney,
respectively. Meanwhile, the mRNA levels of
TNF-, TLR4 had been validated in APAP-
treated liver and kidney, respectively. Thus,
these adverse effects showed that APAP-
mediated organ toxicity was involved in activat-
ing intrarenal and intrahepatic TLR4/NF-kB sig-
naling pathway, resulting in induction of cytoto-
cixity and inflammatory stress.

Conclusions

Taken together, our current findings indicate
that APAP induces cytotoxicity in key metabolic
organs of the liver and kidney, as validated in
instrumental and biochemical analyses. Re-
presentatively, APAP-induced organ damage is
linked to activating intracellular TLR4/NF-kB/
TNF-a signaling, thereby inducing apoptosis
and inflammatory stress in the liver and
kidney.
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