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Abstract

Background: Acetaminophen (APAP) induced hepatotoxicity is a clinically important problem. Up to now,
interventive therapy with n-acetylcysteine (NAC) has been considered as a gold-standard treatment for APAP
overdose. However, no study has focused on the efficacy of these drugs' concurrent administration on probable
enhancing therapeutic outcomes. Thus, this study was aimed to investigate the analgesic effect of co-
administration of NAC and acetaminophen in male rats. The NAC-APAP drug formulation may demonstrate the
stranger antinociceptive effect.

Methods: Forty-eight male Sprague-Dawley rats (12-14 weeks) randomly divided into six equal groups; control,
APAP (received 300 mg/kg APAP), NAC (received 600 mg/kg NAC) and APAP+ NAC groups that received
simultaneously 300 mg/kg APAP with 200-600 mg/kg NAC (AN200, AN400, AN600). All administrations were done
orally for once. The antinociceptive effect was recorded by measurement of latency period on a hot plate in 30, 60,
and 90 min after administrations.

Results: The results showed that NAC's concurrent administration with APAP, dose-dependently increased APAP
analgesic effects (p< 0.0001). Moreover, NAC treatment exhibited an antinociceptive effect in 60 and 90 min, per se.
The treatments had no adverse effect on liver enzymes and oxidative stress.

Conclusion: Co-administration of NAC with APAP can improve the antinociceptive effect of APAP. It is suggested
that this compound can enhance analgesic effects of APAP and eventually lead to a reduction in acetaminophen

dose. Further studies are needed to evaluate the molecular mechanism of this hyper analgesic effect.

Keywords: Acetaminophen, N-acetyl cysteine, Analgesic effect, Hot plate, Co-administration, Pain, Rat

Background

Paracetamol (the international name of the medicine in
Europe) and Acetaminophen (N-acetyl-p-aminophenol,
APAP, the international name of this medicine in the US)
are both the official names of a chemical compound [1].
Morse developed this drug for the first time in 1878, and
Von Mering used it clinically in 1887 [2]. Acetaminophen
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is an antipyretic and analgesic drug that can be bought
and used without prescription worldwide. Its antipyretic
and analgesic properties are due to inhibition of prosta-
glandin production, similar to that of NSAIDs, but unlike
them, APAP does not influence gastric mucosa; therefore,
it does not cause side effects within the recommended
dosage. The dosage of APAP greater than the maximum
recommended dosage can increase the risk of liver dam-
age. Although the rate of unwanted side effects of this
drug has been reported to be low, APAP poisoning is con-
sidered the cause of at least 42% of severe liver failures

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40360-020-00469-4&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:kfarrokhfall@yahoo.com

Nakhaee et al. BMC Pharmacology and Toxicology (2021) 22:4

observed in the United States” intensive care units [3]. N-
acetylcysteine, which is usually known in the form of acet-
ylcysteine, is considered a non-toxic drug. Mathew and
Prescott first recommended NAC as an antidote for hep-
atotoxicity resulting from APAP in 1974 [4]. This sub-
stance acts as an antioxidant, mucolytic, and anti-
inflammatory factor—otherwise, oxidative stress encour-
ages central pain transmission [5]. Studies have shown
that antioxidant substances can reduce pain transmission
in human and rodent pain models [6-9]. Previously,
Mehrpour et al. in 2011 suggested that the combination of
APAP with NAC can be suitable in making drug formula-
tion and may cause a significant decrease in its poisoning
rate [10]. This idea recently has been received attention
[11]. The Owumi study has shown that APAP’s combin-
ation with NAC prevented liver injury due to APAP over-
dose [12]. However, no study has focused on the analgesic
efficacy of APAP in combination with NAC. Therefore,
the present study was carried out to investigate the anal-
gesic effect of taking oral APAP and NAC simultaneously.

Methods

Experimental groups and drugs administration

This study was conducted on forty-eight 12—14 weeks-
old male Sprague-Dawley rats (considering the pilot ex-
periment) with a weight range of 200 to 250 g, obtained
from Research Centre of Experimental Medicine, Birjand
University of Medical Sciences.

All animals included in the study were healthy and of
the same species and gender, with normal behaviors.
Rats that had been previously used in other experiments
were not included. Exclusion criteria were considered as
death during experiments and animals with aberrant be-
havior (n=0). The rats were kept in a 12h light/dark
cycle room with a temperature of 22 + 2 C, in the ani-
mal house of Birjand University of Medical Sciences
(BUMS). The animals had free access to food and water.
The study was performed in accordance with the guide-
lines of experimental animals approved by the ethics
committee of BUMS (No; ir. bums: rec.1397.197). The
rats were kept for 2 weeks in the laboratory for adapta-
tion. After 12-16h of fasting, the basal hot plate assay
was performed, and the rats were then randomly divided
into six equal groups. The calculation of the sample size
is the basis of the mathematical formula for the “group
comparison, repeated measurements” design for animal
studies [13]. Similar to the other study, there were eight
rats in each group [14, 15]. Different treatments were
given to various groups as follows:

Group 1: treated with normal saline (control).

Group 2: treated with acetaminophen 300 mg/kg
(APAD).

Group 3: treated with n-acetylcysteine 600 mg/kg
(NAC).
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Group 4: treated with acetaminophen 300 mg/kg and
n-acetylcysteine 200 mg/kg (AN 200).

Group 5: treated with acetaminophen 300 mg/kg and
n-acetylcysteine 400 mg/kg (AN 400).

Group 6: treated with acetaminophen 300 mg/kg and
n-acetylcysteine 600 mg/kg (AN600).

Feeding was done using steel gavage catheters and in-
sulin syringes 30 min. Before algesimetric hot plate assay
(time 30). The maximum volume of gavage did not ex-
ceed 10 ml/kg (about 2 ml). One day after the behavioral
experiment; the animals were profoundly anesthetized
by ketamine/ Xzylazin (80/10 mg/kg), intraperitoneally
before euthanization and blood samples were collected
from the heart. An equal piece of the liver was also sam-
pled, washed with cold normal saline, and stored at —
80 °C until use. The flow chart was presented in Fig. 1.

Biochemical evaluation

The plasma samples were assayed to measure liver en-
zyme concentrations (ALT, AST) and glucose level using
commercial kits. The liver samples were homogenized in
10 volumes of cold PBS (phosphate buffer saline, pH 7.4)
by a homogenizer (Miccra D-1, Germany). Next, the
homogeneous tissue was centrifuged at 15000 rpm for
20 min [16]. The levels of ALT, AST, and MDA were
then measured in the extract tissues.

Thiobarbituric acid reactive substance (TBARS) assay

The samples of homogeneous tissue were provided, as
explained in the previous section. The analysis was done
based on the pre-explained method [17] on the basis of
thiubarbituric acid’s reaction in acidic pH at 90-100 °; a
spectrophotometer measured C. Absorption of the pink
product at 535 nm. Malondialdehyde (MDA) is consid-
ered to be the equivalent of TBARS.

Algesimetric assay

The hot plate test was carried out using an analgesi-
ometer (Borjsanatazma. Tehran, Iran). This apparatus
consisted of an electrically heated surface at a con-
stant temperature of 55 +0.5 C. The latencies for
paw licking (or jumping) of the rats were assessed
with the hot-plate test at 30 (time 30), 60 (time 60),
and 90 (time 90) minutes after drug administration
by the same investigator blinded to group allocation.
The reaction time was considered the interval be-
tween the moment the animal was placed on the
plate and the time it started licking its claws or rais-
ing its hands [18]. The cut of time point was consid-
ered 24s [19], and the animals which showed no
reaction at this time point were excluded from the
study.
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Sprague-Dawley rats
(n=48, 12-14 weeks)
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v
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v
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APAP: acetaminophen

NAC: N-acetyl cysteine

AN 200, AN 400, AN 600: acetaminophen (300
mg/kg) +200- 600 mg/kg of NAC

Fig. 1 process flow diagram for the planning and performance of animal experiments

Drugs

Acetaminophen solution vials were obtained from
Alborz Darou Company (Qazvin Province, Alborz Indus-
trial City, Iran). N-acetyl cysteine vials were obtained
from Exir Company (Tehran Province, Tehran, Iran).
The ketamine and Xzylazin vials were purchased from
Rotexmedica, Germany, and Alfasan, Netherland, re-
spectively. PBS tablets and thiobarbitoric acid were ob-
tained from Sigma Laboratories. ALT, AST, and the
glucose were measured by commercial kits constructed
by Pars Azmun Company (Tehran, Iran).

Statistical analysis

The descriptive statistics for the studied groups have
been presented in the form of a mean * standard devi-
ation. Investigating the normal distribution of data was
done through the D’Agostino & Pearson omnibus nor-
mality test. In order to compare the reaction time to
heat stimulus, the one-way ANOVA test was used,
followed by the Bonferroni post hoc test. Repeated mea-
sures of ANOVA were performed for within-group com-
parisons of various time points. The effect size in results
means the rate of volubility of data in the application.
Small effect; < 0.2, moderate effect; < 0.5, and large

effect; > 0.8 [20]. It is noteworthy that using the Graph-
Pad Prism software version 7 (GraphPad, California
USA) and considering the confidence coefficient of 95%,
the abovementioned statistical analyses were carried out.
Effect size in calculating sample size was obtained from
similar studies of 6-10 rats per group [15, 21].

Results

Forty-eight male Spague-Dowley rats (mean of body
weight + SEM; 237.3+ 4014, 235+ 2.11, 236.9+ 3.12,
228.8+ 5.4, 228.1+ 4.02 and 238.1+ 3.72g in control,
APAP, NAC, AN200, AN400, and AN600 respectively)
were randomly allocated into six groups of 8 rats each.
All acquired data were included in the statistical analysis.
In the present research, baseline values for the control,
Act, NAC, AN 200, AN 400, AN 600, and control
groups were not significantly different. The average time
of response to the heat stimulator (the hot plate) within
30, 60, and 90 min after receiving the interventions was
calculated and compared in the experimental groups.
The paw latency period in the various groups was ana-
lyzed and presented in Table 1, and the dose-dependent
analgesic effect of NAC associated with 300 mg/kg
APAP (200-600 mg/kg) was presented in Fig. 2.
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Table 1 Paw latency period on hot plate test in the experimental groups (n= 8 in each group)

Control APAP NAC AN 200 AN 400 AN 600 Effect size Cl (95%)
Baseline 983 £1.8 827 £1.1 92 +16 848 £1.18 8.6+1.5 8.88+1.89 0.01 0.08-0.15
30 min 9.13£1.92 1237+2.01° 10.50+2.24° 12.76+1.77% 14.46+1.69° 16.40+1.53%°< 0.65 0.55-0.78
60 min 9.18+1.71 14.58+1.68° 13.1141.83° 14.59+1.57° 17.45+2 .36 18.79+3.35°°¢ 070 067-0.75
90 min 9.04+1.67 16.95+191° 14.2042.29° 17.242.26% 194942 85%¢ 22.91:45.19%< 071 0.67-0.79

The analgesic effect of acetaminophen (APAP), N-acetylcysteine (NAC) and simultaneous feeding of acetaminophen (300 mg/kg) with the dosage of 200-600 mg/
kg of NAC and comparing that with the control group in rats. There were 8 Sprague-Dawley rats in each group. Delay periods in the all groups were analyzed
through the one-way ANOVA test followed by the Bonferroni post hoc test. The data have been reported by meanz standard deviation

“significant difference with the control group
Bsignificant difference in comparison with APAP
Ssignificant difference in comparison with NAC
dsignificant difference in comparison with AN 200

Antinociceptive activity

The results revealed that APAP at the dose of 300
mg/kg could produce a significant antinociceptive ef-
fect at all time periods (30-90 min) compared to the
control group. Moreover, the NAC 600 mg/kg only
imposed analgesic effect 60 and 90 min. After taken.
Values were not significantly different from those ob-
tained in the APAP group, but had a significant dif-
ference to those of the control group. The different
doses of NAC (200-600 mg/kg) and APAP (300 mg/
kg) significantly increased the latency period com-
pared to the control and NAC groups. However,
APAP combined with 200 mg/kg NAC did not exhibit
significant antinociceptive activity 30 min after admin-
istration. On the other hand, NAC (600 mg/kg) with
APAP (300 mg/kg) improved the analgesic effect, and

values were significantly higher than the APAP group
(Table 1) 60 and 90 min. After consumption.

NAGC, in a dose-dependent manner, could improve the
analgesic effect of APAP. While the AN 600 group’s
antinociceptive potential was significantly higher than
the AN 200 group in all the studied time points, the AN
400 group had significantly higher antinociceptive effects
than the AN 200 group at 60 and 90 min time points,
but not after 30 min of administration.

There was no statistical difference between AN 600
and AN 400 in all the studied time points (Table 1).

Time-dependent of analgesic effect
The pattern of antinociceptive efficacy of all investiga-
tions increased time-dependently. However, the pattern
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Fig. 2 changes of analgesia with duration (baseline (0 min), 30-90 min after intervention) in control saline group (control) acetaminophen (APAP),
N-acetylcysteine (NAC) and APAP (300 mg/kg) combination with the various doses of NAC 200-600 mg/kg of (AN 200, AN 400, AN 600). In each
group, data in baseline and consecutive three times were analyzed by repeated measure. The data have been reported by mean + standard
error. *; significant compare with the baseline, #; significant 90 min compare with the 30 min
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for the NAC group began after 30 min. In addition, the
combination of APAP and NAC could significantly in-
crease analgesia more efficiently after 90 min compared
to after 30 min. Regarding the time period of 60 min
compared with that of 30 min, a significant difference
was observed only in the NAC group (Fig. 2).

The effect of various treatment on biochemical assays
Furthermore, Table 2 demonstrates the effect of NAC
and acetaminophen on serum values of glucose, AST,
ALT activity in serum and liver, and MDA in the homo-
geneous liver tissue. No significant difference was found
between the experimental groups within the parameters
as mentioned above.

Discussion

In this study, the APAP’s therapeutic dose associated
with various healthy doses of NAC in rat acute/thermal/
supraspinal pain model using the hot plate test was in-
vestigated. The results showed that NAC accompanying
APAP consumption improved APAP’s antinociceptive
effect without any adverse effect on blood glucose, oxi-
dative stress, and liver enzyme activity.

Both NAC and APAP have analgesic effects in thermal
pain induced by hot plate

Previous studies confirmed that the APAP dose-
dependently has an antinociceptive effect in rats [14, 22,
23]. Previous studies have shown that a dose of 300 mg/
kg of APAP is effective in controlling hot plate pain in
rats [15, 23]. A hot plate test is used to check central
pathways of the pain. Considering that APAP’s analgesic
effect is applied by central effects with little or almost no
effect on the periphery, a hot plate test is frequently used
for this purpose [24]. The non-nociceptive factors, such
as weight, also influence paw withdrawal responses in
the hot plate test. In detail, weight has an inverse correl-
ation with the latency period in baseline time; the heavy
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animals show a shorter baseline latency period [25].
Thus, animals with similar (234+7.33) body weights were
used in our study. In this study, the APAP imposed a
time-dependent analgesic effect, which is in agreement
with the previous studies as well as the APAP pharma-
cokinetics [23, 26, 27].

The present study’s results clearly showed that NAC
at the dose of 600 mg/kg exhibited analgesic activities
mainly at 60 min and 90 min after administration. These
NAC doses (200-600) are safe, and there is evidence
showing that the LD50 of NAC in rats is 1205 mg/kg
[28]. In line with our findings, NAC also imposed anti-
nociceptive effects in the other studies [6-8, 29-31];
NAC can attenuate neuropathic and inflammatory pain
in animal models measuring by hot plate and formalin
tests [6, 8, 29, 31], and chronic apical lesion in humans
evaluating by the VAS (visual analog scale) pain score
[32]. Also, single-dose and chronic administration of
NAC increases delay time in hot plate test [9]. More-
over, it has been reported that NAC had an analgesic ef-
fect only after 30 min intraperitoneal injection with the
same doses (200—600 mg/kg) on plantar test in rat [6].
However, our study showed that NAC’s analgesia ap-
peared 1 h after consumption and continued for a longer
period of time in the hot plate test. Administration route
(orally instead of IP injection) could influence its efficacy
[33]. Many pain relief mechanisms have been proposed
for NAC, partly due to antioxidant effect [8], NO reduc-
tion on spinal level [7], and other mechanisms such as
metabotropic glutamate receptor activation in rodents
[9] and humans [34].

N-acetylcysteine combined with acetaminophen
consumption improved the antinociceptive potency of
acetaminophen due to its central effects

Free radicals contribute to maintaining thermal hyper-
algesia [35] facilitation of excitatory synapses transmis-
sion in spinal dorsal horns, partly by TRPV1 and TRPA1

Table 2 Biochemical parameters of serum and liver in the experimental groups

Groups Groups (Mean + SD)

FPG (mg/dl) Plasma ALT (IU/L) Plasma AST (IU/L) Liver ALT (IU/L) Liver AST (IU/L) Liver MDA

(umol/L)

Control 1139 +16.98 4426 +10.33 1538 + 42.11 173,700+45,540 91,180 + 15,490 872+ 146
APAP 95.10 + 28.76 59.63 + 15.56 158.8 + 28.06 167,200+ 50,750 92,420 + 12,430 845+ 239
NAC 104.0 + 29.85 5062 + 3.765 137.7 = 2591 146,300+ 30,530 87,420 + 16,930 944 + 0.99
AN 200 84.87 + 36.98 5730 + 6715 1634 + 11.25 181,200+ 37,140 110,600 £ 16,930 691 + 1.06
AN 400 101.2 + 31.83 5492 +11.18 1714 + 2201 174,000+ 35,010 97,150 + 13,560 830+ 313
AN 600 1024 + 38.89 60.37 + 7.842 153.1 + 2558 162,900+ 33,460 97,950 + 20470 9.81 +3.17

The serum and liver level of liver enzyme activity and lipid peroxidation in control saline group (control) acetaminophen (APAP), N-acetylcysteine (NAC) and

acetaminophen (300 mg/kg) combination with the various dosage of 200-600 mg/kg of NAC (AN 200, AN 400, AN 600) in rats. There were 8 Sprague-Dawley rats
in each group. The data have been mentioned by meanz standard deviation. Each data in the all groups were analyzed through the one-way ANOVA. There were
no significant differences
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channels [5]. We cannot find any study about the anal-
gesic effect of concurrent use of NAC-APAP. In this
study, the co-administration of APAP with NAC in-
creased APAP analgesic potency. In this investigation,
the underlying mechanisms involving the analgesic ef-
fects were not assessed. However, the NO or TRP path-
ways appear to be involved because these common
pathways are manipulated by APAP and oxidative stress/
NAC in the central level [5, 8, 31, 36, 37]. NAC is an
antidote of APAP toxicity, high consumption of APAP
for pain control, and increasing liver insufficiency preva-
lence; the co-administration of these compounds in one
formulation will be much more valuable.

Combination of NAC with APAP has no unwanted effect
on liver function test, plasma glucose, or oxidative stress
Acetaminophen, NAC, and their combination did not influ-
ence blood glucose and liver transaminases and did not in-
duce oxidative stress. Oxidative stress alters carbohydrate
metabolism [38, 39]. The effect of NAC consumption on glu-
cose metabolism is maintained controversial from
hypoglycemic to no significant effect [5, 8, 31, 36, 37]. In this
study, NAC itself and combined with acetaminophen did not
cause any plasma glucose disturbance in fasted animals.

The liver enzyme’s activities in serum and liver were
assayed. It is worth mentioning that ALT and AST’s
serum level are the most common clinical indicators for
examining hepatotoxicity [39]. Surprisingly, APAP did
not increase ALT and AST levels in serum and liver
homogenate. This study’s results contrasted with an-
other study, which found that APAP with a 300 mg/kg
dose could increase the enzyme levels [23]. It has been
shown that Sprague-Dawley rats are resistant to liver im-
pairment due to APAP consumption. Even higher dose
APAP to 1g/kg could not induce liver complications
[40]. It is worth noting that APAP consumption could
not create oxidative stress either.

This study has some limitations that should be taken
into consideration when interpreting the data. First, based
on the animal study design, the findings can only be con-
sidered indicative rather than representative of humans’
clinical situations. Second, we did not assess APAP’s ef-
fectiveness in different animal pain models (inflammatory/
neuropathic pain). Further experimental research is re-
quired to reveal the possible molecular mechanisms by
which NAC improved the APAP analgesic effect.

Conclusion

The results of the present study show that NAC has an
analgesic effect possibility, with a central effect. Also, co-
administration NAC with APAP improved analgesia,
which is valuable in the clinical setting and pharmacy.
Further studies are needed to confirm these results and
to elucidate the involved pathway.

Page 6 of 7

Abbreviations

APAP: Acetaminophen; ALT: Alanine Transaminase; AST: Aspartate
Transaminase; MDA: Malondialdehyde; NAC: N-acetylcysteine; NO: Nitric
Oxide; PBS: Phosphate Buffer Saline; TBARS: Thiobarbituric acid Reactive
Substance

Acknowledgements
The authors appreciate Mehran Hosseinin-expert of experimental medicine
center- for animal facilitation.

Authors’ contributions

M. D and H. R perform the experiment, SN carried out the Biochemical assay,
OM has given the idea and KF has performed data analysis, written the
manuscript and supervised the study. All authors have read and approved
the manuscript.

Funding

This paper is based on M. D thesis of Mr. Hesam Rumi which was fully
supported by BUMS under Grant (455688). The financial budget allocated to
this research dedicated only for consumable materials. The funding bodies
played no role in the design of the study and collection, analysis, and
interpretation of data and in writing the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
The study was approved by the ethics committee of BUMS (No; ir. bums:
rec.1397.197).

Consent for publication
Not applicable.

Competing interests
There is no conflict of interest.

Author details

'Medical Toxicology and Drug Abuse Research Center (MTDRC), Birjand
University of Medical Sciences (BUMS), Birjand, Iran. “Cardiovascular Research
Center, Birjand University of Medical Sciences, Birjand, Iran. 3Mel and Enid
Zuckerman, College of Public Health, University of Arizona, Tucson, Arizona,
USA.

Received: 11 August 2020 Accepted: 22 December 2020
Published online: 07 January 2021

References

1. Jozwiak-Bebenista M, Nowak JZ. Paracetamol: mechanism of action,
applications and safety concern. Acta Pol Pharm. 2014;71(1):11-23.

2. Bertolini A, Ferrari A, Ottani A, et al. Paracetamol: new vistas of an old drug.
CNS Drug Rev. 2006 Fall-Winter;12(3-4):250-75.

3. Larson AM, Polson J, Fontana RJ, et al. Acetaminophen-induced acute liver
failure: results of a United States multicenter, prospective study. Hepatology
(Baltimore, Md). 2005;42(6):1364-72.

4. Prescott LF, Swainson CP, Forrest ARW, et al. Successful treatment of severe
paracetamol overdosage with cysteamine. Lancet. 1974;303(7858):588-92.

5. Nishio N, Taniguchi W, Sugimura YK, et al. Reactive oxygen species enhance
excitatory synaptic transmission in rat spinal dorsal horn neurons by
activating TRPA1 and TRPV1 channels. Neuroscience. 2013;247:201-12.

6. Moloudi M, Hassanzadeh K, Izadpanah E, et al. N-Acetylcysteine Provides
Analgesic Effect in Rats, vol. 31; 2013.

7. Horst A, Kolberg C, Moraes MS, et al. Effect of N-acetylcysteine on the
spinal-cord glutathione system and nitric-oxide metabolites in rats with
neuropathic pain. Neurosci Lett. 2014;569:163-8.

8. Horst A, de Souza JA, Santos MCQ, et al. Effects of N-acetylcysteine on
spinal cord oxidative stress biomarkers in rats with neuropathic pain. Braz J
Med Biol Res. 2017;50(12):e6533.

9. Bernabucci M, Notartomaso S, Zappulla C, et al. N-acetyl-cysteine causes
analgesia by reinforcing the endogenous activation of type-2 metabotropic
glutamate receptors. Mol Pain. 2012,8:77.



Nakhaee et al. BMC Pharmacology and Toxicology

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

(2021) 22:4

Mehrpour O, Ballali-Mood M. Why not formulate an acetaminophen tablet
containing N-acetylcysteine to prevent poisoning? J Med Toxicol. 2011;7(1)95-6.
Serdenes R, Graham J lll. Evaluating the Psychiatric Benefits of Formulating
Acetaminophen With N-Acetylcysteine. Front Psychiatry. 2020;11. https://doi.
0rg/10.3389/fpsyt.2020.564268 PMCID: PMC7649790.

Owumi SE, Andrus JP, Herzenberg LA, et al. Co-administration of N-
Acetylcysteine and acetaminophen efficiently blocks acetaminophen
toxicity. Drug Dev Res. 2015,76(5):251-8.

Arifin WN, Zahiruddin WM. Sample size calculation in animal studies using
resource equation approach. Malays J Med Sci. 2017;24(5):101.

Elberry AA, Sharkawi SMZ, Wahba MR. Antinociceptive and anti-
inflammatory effects of N-acetylcysteine and verapamil in Wistar rats.
Korean J Pain. 2019;32(4):256.

Madenoglu H, Kagmaz M, Aksu R, et al. Effects of naloxone and flumazenil
on antinociceptive action of acetaminophen in rats. Curr Ther Res Clin Exp.
2010;71(2):111-7.

Ataie Z, Mehrani H, Ghasemi A, et al. Cinnamaldehyde has beneficial effects
against oxidative stress and nitric oxide metabolites in the brain of aged
rats fed with long-term, high-fat diet. J Funct Foods. 2019,52:545-51.
Mihara M, Uchiyama M, et al. Anal Biochem. 1978;86(1):271-8.

Hargreaves K, Dubner R, Brown F, et al. A new and sensitive method for
measuring thermal nociception in cutaneous hyperalgesia. Pain. 1988 Jan;
32(1):77-88.

Ahani A, HASSANZADEH TM, Hosseini M, et al. Antinociceptive and anti-
inflammatory activities of Iris songarica Schrenk rhizome Ethanolic extract in
mice. 2017.

Cuevas MJ, Tieppo J, Marroni NP, et al. Suppression of amphiregulin/
epidermal growth factor receptor signals contributes to the protective
effects of quercetin in cirrhotic rats. J Nutr. 2011;141(7):1299-305.

Pingili RB, Pawar AK, Challa SR. Systemic exposure of Paracetamol
(acetaminophen) was enhanced by quercetin and chrysin co-administration
in Wistar rats and in vitro model: risk of liver toxicity. Drug Dev Ind Pharm.
2015;41(11):1793-800.

Pelissier T, Alloui A, Caussade F, et al. Paracetamol exerts a spinal
antinociceptive effect involving an indirect interaction with 5-
hydroxytryptamine3 receptors: in vivo and in vitro evidence. J Pharmacol
Exp Ther. 1996,278(1):8-14.

Im K-S, Jung H-J, Kim J-B, et al. The antinociceptive effect of acetaminophen
in a rat model of neuropathic pain. Kaohsiung J Med Sci. 2012;28(5):251-8.
Mehanna MM, Domiati S, Nakkash Chmaisse H, et al. Antinociceptive effect
of tadalafil in various pain models: Involvement of opioid receptors and
nitric oxide cyclic GMP pathway. Toxicol Appl Pharmacol. 2018;352:170-5.
Gunn A, Bobeck EN, Weber C, et al. The influence of non-nociceptive factors
on hot-plate latency in rats. J Pain. 2011;12(2):222-7.

Slattery JT, Wilson JM, Kalhorn TF, et al. Dose-dependent pharmacokinetics
of acetaminophen: evidence of glutathione depletion in humans. Clin
Pharmacol Ther. 1987;41(4):413-8.

Granados-Soto V, Lépez-Mufoz FJ, Castafieda-Hernandez G, et al.
Characterization of the analgesic effects of Paracetamol and caffeine
combinations in the pain-induced functional impairment model in the rat. J
Pharm Pharmacol. 1993:45(7):627-31.

Nurulain SM, Ojha S, Tekes K, et al. Efficacy of N-Acetylcysteine, glutathione,
and ascorbic acid in acute toxicity of Paraoxon to Wistar rats: survival study.
Oxidative Med Cell Longev. 2015;2015:329306.

Naik AK, Tandan SK, Dudhgaonkar SP, et al. Role of oxidative stress in
pathophysiology of peripheral neuropathy and modulation by N-acetyl-I-
cysteine in rats. Eur J Pain. 2006;10(7):573.

Li J, Xu L, Deng X, et al. N-acetyl-cysteine attenuates neuropathic pain by
suppressing matrix metalloproteinases. Pain. 2016 Aug;157(8):1711-23.
Hacimuftuoglu A, Handy CR, Goettl VM, et al. Antioxidants attenuate
multiple phases of formalin-induced nociceptive response in mice. Behav
Brain Res. 2006;173(2):211-6.

Ehsani M, Moghadamnia A-A, Zahedpasha S, et al. The role of prophylactic
ibuprofen and N-acetylcysteine on the level of cytokines in periapical
exudates and the post-treatment pain. Daru. 2012,20(1):30.

Dickey DT, Muldoon LL, Doolittle ND, et al. Effect of N-acetylcysteine route
of administration on chemoprotection against cisplatin-induced toxicity in
rat models. Cancer Chemother Pharmacol. 2008,62(2):235-41.

Truini A, Piroso S, Pasquale E, et al. N-acetyl-cysteine, a drug that enhances
the endogenous activation of group-Il metabotropic glutamate receptors,
inhibits nociceptive transmission in humans. Mol Pain. 2015;11(1):14.

35.

36.

37.

38.

39.

40.

Page 7 of 7

Khalil Z, Liu T, Helme RD. Free radicals contribute to the reduction in
peripheral vascular responses and the maintenance of thermal hyperalgesia
in rats with chronic constriction injury. Pain. 1999,79(1):31-7.

Eberhardt MJ, Schillers F, Eberhardt EM, et al. Reactive metabolites of
acetaminophen activate and sensitize the capsaicin receptor TRPV1. Sci Rep.
2017;7(1):12775.

Andersson DA, Gentry C, Alenmyr L, et al. TRPAT mediates spinal
antinociception induced by acetaminophen and the cannabinoid A9-
tetrahydrocannabiorcol [Article]. Nat Commun. 2011 11/22/online;2:551.
Shah S, Igbal M, Karam J, et al. Oxidative stress, glucose metabolism, and
the prevention of type 2 diabetes: pathophysiological insights. Antioxid
Redox Signal. 2007;9(7):911-29.

Butterfield DA, Halliwell B. Oxidative stress, dysfunctional glucose
metabolism and Alzheimer disease. Nat Rev Neurosci. 2019;20(3):148-60.
McGill MR, Williams CD, Xie Y, et al. Acetaminophen-induced liver injury in
rats and mice: comparison of protein adducts, mitochondrial dysfunction,
and oxidative stress in the mechanism of toxicity. Toxicol Appl Pharmacol.
2012;264(3):387-94.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.3389/fpsyt.2020.564268
https://doi.org/10.3389/fpsyt.2020.564268

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Experimental groups and drugs administration
	Biochemical evaluation
	Thiobarbituric acid reactive substance (TBARS) assay
	Algesimetric assay
	Drugs
	Statistical analysis

	Results
	Antinociceptive activity
	Time-dependent of analgesic effect
	The effect of various treatment on biochemical assays

	Discussion
	Both NAC and APAP have analgesic effects in thermal pain induced by hot plate
	N-acetylcysteine combined with acetaminophen consumption improved the antinociceptive potency of acetaminophen due to its central effects
	Combination of NAC with APAP has no unwanted effect on liver function test, plasma glucose, or oxidative stress

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

