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ABSTRACT: Acetaminophen is an organic compound that is commonly used as an antipyretic
and analgesic drug. Acetamenophen may cause liver injury and cardiac dysfunction because
of complex cardiohepatic interactions.The aim of this study is to assess the possible effect of
acetamenophen intake and taxifolin supplementation on some cardiovascular risk factors like
tumour necrosis factor-alpha(TNF-a), interleukin-6(IL-6), troponin, and lipid profile in Wistar
rats. Four groups of Wistar rats containing five rats each were used. Group 1(control) received
normal feed and water. Group 2 received 500mg/kg body weight of acetaminophen(ACTMP),
group 3 received 500mg/kg of ACTMP and 1mg/kg body weight of taxifolin (TXF) orally.
Group 4 received 1mg/kg of TXF. Feeding and treatment lasted for 5 weeks. Blood samples
were collected through cardiac puncture into blood sample bottles and centrifuged to obtain
serum. Interleukin-6, troponin and TNF-a concentrations were determined using ELISA kits
and following manufacturers procedures. Results showed that tumor necrosis factor-alpha
(TNF-a), IL-6 and troponin in ACTMP were significantly(p<0.05) higher than control while
lactate dehydrogenase(LDH) was reduced in ACTMP. Lipid profile was significantly (p<0.05)
reduced in ACTMP. Treatment with taxifolin significantly (p<0.01) lowered IL-6, troponin,
and LDH. We conclude that Acetamenophen intake may alter serum level of IL-6, TNF-a and
troponin which are risk factors of cardiotoxicity while taxifolin has little or no effect on TNF-
o and troponin but may suppress IL-6 activity.
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INTRODUCTION

The use of acetaminophen as an analgesic and as an antipyretic drug has been a common
practice as it is taken for pain relief. It is used majorly because it serves as an alternative to
nonsteroidal anti-inflammatory drugs (NSAIDs) which are assumed to cause hepatic injury or
increase risk of stroke and myocardial infarction.

The benefit of intake of acetaminophen has been very controversial. Some reports have claimed
that it is cardioprotective because of its antioxidant property (Merrill and Goldberg, 2001,
2004.) while others have implicated it in progressive liver injury and having direct toxic effect
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on the myocardium (Jones and Prescott, 1997). Evidences abound that suggest that activated
macrophages from injured hepatocytes following ACTMP intake contribute to the release of
cytotoxic mediators like TNF and IL — 6 that are possible candidates in the progressive phase
of liver injury (Golden et al., 1995;Blazka et al., 1995, Blazka et al., 1998). IL — 6 is a pro-
inflammatory cytokine involved in immune activation, vascular function and modulation of
TNF-a production (Akira et al., 1993), while TNF-a modulates immune and inflammatory
responses that are produced by macrophages and lymphocytes.

In an unquenchable quest to look for palliatives or alternative means to ameliorate the
deleterious effect of acetaminophen, taxifolin was used. Taxifolin is found in the fruit of
Silybum marianum also referred to as “milk thistle”. Its extract is called sylimarin and contains
a mixture of taxifolin and sylibin (Morazzoni and Bombardelli,1995). This plant product in
cardiovascular disease is believed to reduce LDL oxidation and inhibit the activity of HMG-
CoA reductase, thus exhibiting antioxidant and hepatoprotective property (Kandaswami and
Middleton, 1994). The aim of this research work therefore, was to examine the possible effect
of acetaminophen and taxifolin supplementation on some cardiovascular risk factors.

MATERIALS AND METHOD
Experimental Design

Twenty male Wistar rats weighing 180-200g and aged ten weeks were obtained from the
animal house of Physiology Department, Cross River University of Technology, Calabar,
Nigeria and randomly divided into four groups containing five rats each. The animals were
housed in plastic cages and kept in room temperature of 30% + 3°C with 12 h light/dark cycle.
Group 1(control) received normal feed and water. Group 2 received 500mg/kg body weight of
acetaminophen(ACTMP), group 3 received 500mg/kg of ACTMP and 1mg/kg body weight of
taxifolin (TXF) orally. Group 4 received 1mg/kg of TXF. Feeding and treatment lasted for 5
weeks after which Blood samples were collected through cardiac puncture and centrifuged at
1000rpm for 10minutes to obtain serum. Interleukin-6(IL-6), troponin and TNF-a
concentrations were determined using standard methods. Ethical approval for the study was
obtained from the Faculty of Basic Medical Science Animal Research Ethical Committee of
Cross River University of Technology, Calabar, Nigeria (approval number FBMS/ CRUTECH/
12/020).

Determination of Cholesterol

The methods of Siedel et al.,(1983) and Sullivan et al.,(1985) were used to determine total
cholesterol (TC) and triglyceride, respectively. High-density lipoprotein cholesterol (HDL)
was measured using the method of Warnick et al., (1982); low density lipoprotein cholesterol
was calculated using the equation of Friedewald, and Frederickson (1972).

Determination of TNF-a, I1-6, and Troponin

Tumor necrosis factor-alpha (TNF-a), Interleukin-6(IL-6), and troponin concentrations were
determined by commercially available Elisa kits according to manufacturer's instructions.
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Statistical analysis

All data obtained in this study were expressed as mean * standard error of mean. Collected
data was analyzed using ANOVA (analysis of variance) using GraphPad Prism version 5.0 for
Windows (GraphPad Software, San Diego, CA, USA). Bonferroni multiple comparison post
hoc tests were used to compare the level of significance between control and experimental
groups. A value of p<0.05 was considered significant.

Table 1: Showing effect of acetaminophen intake and taxifolin supplementation on lipid
profile in Wistar rats.

Parameters Control ACTMP ACTMP+TXF | TXF

TC (mmol/L) 1.756+0.009 1.624+0.009 1.570+0.012 1.524+0.012

TG (mmol/L) 0.7220+0.009 | 0.6180+0.007**<¢ | 0.5980+0.007** | 0.4880+0.004**
HDL (mmol/L) | 0.4420+0.003 | 0.4060+0.0022** | 0.3960+0.002** | 0.3860+0.002**"
LDL (mmol/L) | 0.9760£0.009 | 0.9360+0.002** 0.9020+0.004** | 0.9140+0.009** °

n=5, values are expressed in Mean+SEM, **=p<0.005 vs Control; b=p<0.05 vs ACTMP,
d=p<0.05 vs. TXF.

Effect of acetaminophen and Taxifolin on TNF-a. Interleukin-6 and Troponin.

Results obtained showed a significant(p<0.05) increase in tumor necrosis factor, interleukin-6
and troponin in acetaminophen intake compared to control. Treatment with taxifolin did not
show any significant difference in TNF and troponin but showed a significant (p<0.05)
reduction in IL-6. This is represented in figures 1, 2, & 3 respectively.

Effect of acetaminophen and Taxifolin on lactate dehydrogenase:

LDH was significantly (p<0.05) reduced in all treatment groups. This is shown in figure 4.
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FIGURE. 1 : Showing effect of administration of acetamenophen and
supplementation of taxifolin in tumour necrosis factor in Wistar rats
Values are expressed in Mean * SEM **=p<0.05vs Control;
c=p<0.05vs ACTMP
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Troponin.

Serum concentration of troponin (pg/ml)

FIGURE. 2 : Showing effect of administration of acetamenophen and
supplementation of taxifolin on troponin | in Wistar rats
Values are expressed in Mean = SEM; *=p<0.05 vs Control
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FIGURE. 3 : Showing effect of administration of acetamenophen and
supplementation of taxifolin on interleukin-6 in Wistar rats
Values are expressed in Mean + SEM
; **=p<0.01 vs Control; b=p<0.05vs ACTMP
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FIGURE. 4 : Showing effect of administration of acetamenophen and
supplementation of taxifolin on lactate dehydrogenase in Wistar rats
Values are expressed in Mean = SEM
; **=p<0.01 vs Control; b=p<0.05 vs ACTMP

DISCUSSION

One of the most common drugs often taken to relieve body pain and headache is
acetaminophen, an active ingredient in Tylenol. Even though it is reported not to have side
effects within therapeutic doses, some research work has implicated its consumption in induced
hepatocellular and cardiohepatic damage (Jones and Prescott,1997). In this work, we examined
the effect of acetaminophen intake on some cardiovascular risk factors and the possible effect
of taxifolin supplementation in Wistar rats.

Our results in this study showed that acetaminophen (ACTMP) intake up to a dosage of
500mg/kg body weight per day, elevates serum level of tumor necrosis factor-alpha (TNF-a),
interleukin-6 (IL — 6) and troponin. Such variations in concentration of these circulating
biomarkers are often used as diagnostic and prognostic assessment (Ridker et al., 2010), rather
than just clinical evaluations even though it has been described to be a pleiotropic cytokine
displaying both pro-inflammatory and anti-inflammatory properties depending on the type of
organ or cell in which it is acting (kamimura et al., 2003).

Previous studies have considered the alteration in IL-6 and TNF-a levels as a marker of
inflammation related to cardiovascular risk (Mendell et al., 1997, Zakai et al., 2007; Ridker et
al., 2000), and assumed that ACTMP may precipitate direct toxic effect on the myocardium
and also deplete sulthydryl groups causing interference with nitric oxide production leading to
coronary ischemia (Jones and Prescott 1997; Lip and Vale 1996).

40



African Journal of Biology and Medical Research
ISSN: 2689-534X

1 |

Volume 4, Issue 1, 2021 (pp. 36-45) www.abjournals.org

Increased IL-6 and TNF-a concentration in circulation has been reported in patients with
cardiovascular heart failure and has been shown to present ventricular dysfunction, cardiac
hypertrophy through the IL-6 signal transducing receptor component known as glycoprotein
130

(Tsugiyasu and Takahashi 2004.) and myocardial damage(Levine et al., 1990;Tsutamoto et al.,
1998; Kopf et al., 1995). Such surge in IL-6 and TNF-a may be resulting from its notable
function of serving as an inducer of acute phase reactions as well as being a key player in
potentiating cellular immune responses to affected cells (Kopf et al, 1994; Xing et al., 1994;
Ruzek et al., 1997). The results obtained in our study may not have been unconnected with this
systemic change in concentration and circulation of IL-6 and TNF-a following acetaminophen
intake and suggestive of being causal to cardiovascular challenge.

Similarly, reports have also demonstrated that acetaminophen moiety may cause the
hepatocytes to release substances that activate macrophages leading to the release of cytotoxic
mediators such as IL-6 and TNF that are thought to contribute to hepatocellular damage
(Golden et al., 1995; . Blazka et al., 1995; Blazka et al.,1998). Recent evidence has suggested
that tumor necrosis factor (TNF) may be a possible candidate in the gradual development of
liver injury (Golden et al, 1995;Blazka et al.,1995; Blazka et al.,1998 ). Our limitation in this
study was the inability to examine liver and heart histology following acetaminophen intake
and taxifolin. However, studies have shown that most circulatory abnormalities are
predominantly due to liver derived toxic factors and are associated with the development of
cardiovascular insults (Wiese et al., 2017) because of complex cardiohepatic interaction (Kubo
etal., 1987). In our previous work, we have demonstrated that acetaminophen intake increases
liver enzymes production and threatens liver integrity (Dasofunjo et al., 2018). In cirrhotic
cardiomyopathy involving systolic dysfunction and diastolic relaxation, there is a reported
defect in cardiac beta—adrenergic receptor system, alteration in plasma membrane fluidity,
distortion in calcium channel activity and depletion of nitric oxide (Moller and Bernardi, 2013).
Therefore, intake of acetaminophen above the therapeutic dosage may expose one to
hepatocellular damage and a stand point on the possible alteration of cytokine expression and
cardiovascular insults.

Furthermore, we investigated troponin and LDH activity as well as lipid profile in
acetaminophen intake and our results showed elevated troponin level in acetaminophen intake.
Numerous reports have shown that troponin | retains prognostic value (Freda et al., 2005;
Dezoya, et al., 2004) and is a pathological evidence of myocardial damage (Mann et al., 1989;
Ooi, et al., 2000 and Larson et al., 2005). Elevated troponin levels of troponin have been
associated with raised levels of IL — 6 and TNF-a, and C-reactive proteins in critical conditions
and reflects increased left ventricular mass, depressed left ventricular ejection, diastolic
dysfunction and atrial fibrillation (Wu et al., 2004; Ammann et al., 2003). This is evidenced
by our results seen in this work.

Treatment with taxifolin, a potent flavonoid with antioxidant characteristics, did not suppress
troponin and TNF-a release. This suggests that there may have been a non—interaction with the
acetaminophen membrane receptors.

Lactate dehydrogenase is usually expressed in blood cells and in heart muscle. During tissue
breakdown, LDH becomes released in good amounts into the blood and serum and serves as a
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surrogate marker for heart or cellular injury. In this research work, acetaminophen did not
elevate lactate dehydrogenase concentration.

Total cholesterol, triglyceride and low density lipoprotein were reduced in ACTMP intake and
was further significantly reduced in taxifolin supplementation. The reduction in cholesterol
level is attributed to the inhibition of HMG-CoA reductase (3-hydroxy-3-methyl-glutaryl-
coenzyme A reductase) and suppression of cellular cholesterol esterification (De Whalley, et
al., 1990). In mammals, inhibitors of HMG-CoA reductase induce the expression of LDL
receptors in the liver, and then increase the breakdown process of LDL and reduce cholesterol
level (Humphries et al., 1986). Taxifolin may be acting through this pathway.In cardiovascular
disease, the bioavailability of flavonoid reduces LDL- oxidation known to be a vital step in
atherogenesis (De Whalley, et al., 1990; Hayal et al., 1997).

Conclusion: Acetaminophen-induced cardiotoxicity may in part be the result of increased
release of cytokines and troponin. Taxifolin has little or no effect on TNF-o and troponin but
may suppress IL-6 activity.
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