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ARTICLE INFO ABSTRACT

Prescription drugs are frequently purchased from Pharmacy outlets based on self-
medication and often, combined to achieve therapeutic objectives that may trigger drug 
interactions that have not been fully elucidated. Therefore, this study evaluated the 
effects of concomitant administration of acetaminophen, ampicillin/cloxacillin and co-
trimoxazoleon oxidative and inflammatory responses. Seventy female Wistar rats were 
assigned into seven groups of ten animals each. Therapeutic doses at 100 mg/kg body 
weight of co-trimoxazole, and 105 mg/kg body weight each of ampicillin/cloxacillin and 
acetaminophen orally once daily for four weeks. Group A served as the control, group B 
was administered ampicillin/cloxacillin only, group C was administered co-trimoxazole 
only, group D was administered acetaminophen only, group E was administered 
acetaminophen and ampicillin/cloxaxillin, group F was administered co-trimoxazole 
and acetaminophen, and group G was administered acetaminophen, ampicillin/
cloxacillin, and co-trimoxazole. Oxidative status was determined in the serum and 
homogenates of liver and brain by the levels of total thiol, reduced Glutathione (GSH), 
Oxidized-Low Density Lipoprotein Cholesterol (Ox-LDL-C). Inflammatory response was 
assessed by measuring the serum levels of Interleukin-1β (IL-1β), Nitric Oxide (NO), 
Monocyte Chemoatracttant Protein (MCP-1), Vascular Adhesion Molecule (VCAM-1) and 
Total Immunoglobulin G (IgG). Body weights and organ to body weight ratios across the 
groups were insignificantly different (p>0.05). Serum total thiol level increased (p<0.05) 
in B and D compared to A,C, E, F and G. Liver and brain total thiol levels were insignificant 
changed (p>0.05) across the groups compared to control but increased (p<0.05) in 
liver of G compared to D and brain of B and D compared to C. Serum GSH levels were 
insignificantly different (p>0.05) across the groups, while liver GSH in G decreased 
(p<0.05)compared to A, B, C and D and brain GSH level in F was elevated (p<0.05) 
compared to A,B,C,D and E. Serum Ox-LDL-C concentrations were elevated significantly 
(p<0.05) in F and G compared to A and D. Serum levels of IL-1β, NO, MCP-1,VCAM-1 
and IgG were insignificant changed (p>0.05) across the groups, but there was decrease 
(p<0.05) in VCAM-1 in G compared to B. Histological examination indicated varying 
degrees of vacuolation, fenestration and occlusion in liver, and neurodegeneration in 
brain of groups administered the drugs. This study showed that the concomitant use 
of acetaminophen, ampicillin/cloxacillin and co-trimoxazole caused oxidative stress 
that has a weak link to vascular related disorders. Therefore, awareness of the health 
implications associated with misuse of these drugs should be emphasized.
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Introduction
Drug is any chemical substance which when taken into the body 

interacts with tissues to modify the biochemical process of the body. 
A drug is abused when consumed in amounts or with methods 
which are harmful to the body [1]. Conventionally, self-medication 
involves the use of drugs, herbs or other home remedies on an 
individual’s persuasion without prescription and it is a frequent 
practice throughout the world with a high prevalence rate in 
developing countries [2-5]. Analgesics are the most frequently self-
medicated over-the-counter drugs while antibiotics are considered 
as prescription-only medicines [6], however, a number of them can 
be purchased from pharmacy outlets without a prescription. This is 
especially true with co-trimoxazole and the penicillins (ampicillin/
cloxacillin). The use of analgesics are known to be influenced by 
stress levels and a large percentage of users take analgesics before 
the commencement of the day’s work [7], in anticipation of pain or 
to offset any form of body pain. For instance, acetaminophen which 
is a ubiquitous analgesic is commonly used for relief at the slightest 
feeling of aches, headaches, symptoms of flu and pains [8,9]. 
While acetaminophen is described as relatively nontoxic when 
administered in therapeutic doses [10], it causes toxicity when 
taken in a single or repeated high dose, or after chronic ingestion.

Similarly, the inappropriate uses of antibiotics for common 
colds or upper respiratory infections and disorders that are 
largely self-limiting have been shown by several studies [11]. Co-
trimoxazole also known as trimethoprim-sulfamethoxazole, was 
introduced in 1968 as a broad-spectrum antimicrobial agent. It 
is a well-tolerated, widely available, off patent, and inexpensive 
unique compound that combines broad antimicrobial activity 
with immunomodulatory properties. Clinically, co-trimoxazole is 
used majorly for the treatment of urinary tract infections and also 
infections of respiratory and gastrointestinal tracts. Ampicillin/
cloxacillin is a mere analogue of the penicillins [12]. It is used 
majorly to treat infections of the middle ear, sinuses, bladder, 
kidney, and uncomplicated gonorrhea. Furthermore, ampicillin/
cloxacillin is also used intravenously to treat meningitis and other 
serious infections while cloxacillin is used against staphylococci 
that produce β-lactamase [13]. Due to their high level of safety, 
the penicillins are the most widely prescribed antibiotic in the 
world against both gram positive and gram negative cocci [12]. 
Since they were the first class to be developed, it is believed that 
the familiarity of the population to this class of antibiotics could 
contribute to their misuse and abuse. Also, because of it low cost, 
ampicillin/cloxacillin is the most commonly purchased antibiotic 
without prescription [14]. 

Available lines of evidence have revealed that the bactericidal 
effect of antibiotics is often associated to production of Reactive 
Oxygen Species (ROS) [15,16], and that drugs such as anti- 

 
inflammatory and analgesics could induce oxidative stress [17]. 
Consequently, the progression of oxidative stress is linked to 
inflammation in a complex feedback cycle such that reactive 
oxygen species can trigger transcription factors that up-regulate 
the expression of pro-inflammatory cytokines, pro-oxidant and 
antioxidants [18]. Previous studies have indicated the common co-
administration of analgesics and antibiotics for the management of 
pain while treating various infections [19]. In addition to this, low cost 
and easy accessibility to some analgesics (acetaminophen, salicylic 
acid etc) and some antibiotics (co-trimoxazole and ampicillin/
cloxacillin) have escalated their frequent usage prophylactically 
without prescription [20]. Although, the combination of drugs 
is often essential to obtain a therapeutic objective or to treat 
different diseases existing at the same time, but there could be the 
risk of multiple drug interactions. The outcome of concomitant 
administration of two or more drugs is usually followed by several 
therapeutic implications ranging from opposition, alteration, 
synergism, and potentiating, as well as physical and chemical 
antagonism, thereby raising a lot of concerns about potential 
drug interaction [21]. Therefore, this study evaluated the effects 
of concomitant administration of acetaminophen, ampicillin/
cloxacillin and co-trimoxazole on antioxidant and immunological 
status in Wistar rats.

Materials and Methods
Materials

A.	 Experimental Animals: Seventy apparently healthy male 
Wistar rats with weights of 112-128 g were obtained from 
the animal house facility, Ladoke Akintola University of 
Technology, Ogbomoso, Oyo State, Nigeria.

B.	 Drugs: Acetaminophen was a product of Emzor Pharmaceutical 
industries limited, Plot 3C, Block A, Aswani Market Road, 
Off Oshodi-Apapa Express Way, Isolo, Lagos, Ampicillin/
cloxacillin was a product of Meidrich Limited. 12th mile, Old 
Madras Road, Virgonagar, Bangalore- 560 049, India and Co-
trimoxazole was a product of GlaxosmithKline S.A.E, El Salem 
City, 11491, Cairo, A.R.E Under License of the GlaxosmithKline 
Group of Companies.

C.	 Reagents Kits and Chemicals: Quantitative assay kits for GSH, 
total immunoglobulin G are products of Fortress Diagnostic 
Laboratory, Unit 2C, Antrim Technology Park, Belfast Road, 
Antrim, Northern Ireland, United Kingdom, interleukin-
1b, nitric oxide, vascular adhesion molecule-1 are products 
of RayBio Technology inc USA, while oxidized low-density 
lipoprotein cholesterol and monocyte chemoattractant protein 
are products of Bioassay Technology Laboratory, Junjiang Inter 
Bldg 218 Ningguo Rd. Yangpu Dist. Shangai, China.
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Methods

Experimental Design: The rats were randomly divided into 
seven groups of ten rats per group as illustrated:

A.	 Group A: All rats were allowed free access to standard pellet 
and water

B.	 Group B: Was administered Ampicillin/cloxacillin only

C.	 Group C: Was administered Co-trimoxazole only

D.	 Group D: Was administered Acetaminophen only

E.	 Group E: Was administered Acetaminophen and Ampicillin/
cloxacillin

F.	 Group F: Was administered Acetaminophen and Co-
trimoxazole

G.	 Group G: Was administered Acetaminophen, Ampicillin/
cloxacillin, and Co-trimoxazole

Conversion from human dose to animal dose was done using the 
equation by Reagan-Shaw et al. [22]. The administration was done 
once daily at 4:00 pm using 1 ml cannula syringe. 105 mg/kg body 
weight each of acetaminophen and ampicillin/cloxacillin was orally 
administered while 100 mg/kg body weight of co-trimoxazole was 
orally administered. The administration lasted for four weeks, after 
which all the animals were sacrificed.

Collection of Samples

Serum: After four weeks of administration, the animals were 
fasted overnight and anesthetized using diethyl ether. The chest 
region was quickly opened and blood was drawn by puncturing 
the heart using a new syringe for each animal. Serum was prepared 
from each drawn blood. The blood samples were centrifuged at 
4000 rpm for 10 minutes. The serum was carefully decanted into 
sample bottles using a micropipette, labeled and preserved in the 
refrigerator below 4 0C immediately for further analysis.

Tissue Homogenates: Organs of interest, the liver and brain 
were harvested immediately, cleansed of blood and rinsed with 
normal saline solution and the weight recorded. The organs 
were minced and a small part was fixed. The organs were fixed 
in 10% formal saline solution for histopathology examination.0.2 
g of the liver and brain, were homogenized separately in 0.25 M 
sucrose solution in the ratio 1:4 using a laboratory homogenizer 
and centrifuged at 4000 rpm for 10 minutes, after which the 
supernatants were collected and placed in Eppendorf tubes and 
stored at 4 0C for further analysis.

Biochemical Assay Methods

Oxidative Status: The serum and tissues total thiol content 
were determined using the method of Sedlak and Lindsay [23]. 

The method of Ellman was used in measuring the concentration 
of reduced glutathione [24]. Oxidized-Low Density Lipoprotein 
Cholesterol (Ox-LDL-C) concentration was determined by ELISA as 
described in the kit manual.

Inflammatory Responses: Nitric Oxide (NO) was determined 
using spectrophotometric method as described by Schmidt et al. by 
quantifying the accumulation of its stable degradation products, 
nitrate, and nitrite [25]. Based on the sandwich immunoassay 
principle interleukin-1 beta protein, Monocyte Chemoattractant 
Protein-1 (MCP-1) and vascular cell adhesion molecule-1 analyses 
was done by ELISA method. Total immunoglobulin G (IgG) content 
was determined based on immunoturbidimetric method as 
described in the kit manual.

Histological Assessment

Histological procedures were done according to the method of 
Avwioro [26].

Statistical Analysis

This research work was a Completely Randomised Design 
(CRD). Results were expressed as mean ± standard deviation (SD). 
Data generated were subjected to one way Analysis of Variance 
(ANOVA), after which Tukey Test was conducted in other to identify 
the variation within the treatment group. P-value <0.05 was 
regarded as statistically significant and denoted by alphabets.

Results
Effect of Acetaminophen, Ampicillin/Cloxacillin and Co-
Trimoxazole on Oxidative Status

The results in Table 1 showed a significant increase (p<0.05) in 
serum total thiol level in group B and D (ampicillin/cloxacillin and 
acetaminophen) when compared to the control (group A). Although, 
there were no significant difference (p>0.05) in the liver and 
brain total thiol concentration across the groups when compared 
with the control, but there was a significant increase (p<0.05) 
in liver total thiol concentration in group G (acetaminophen + 
ampicillin/cloxacillin + co-trimoxazole) when compared to group 
D (acetamanophen) and a significant increase (p<0.05) was also 
observed in brain total thiol in group B and D (ampicillin/cloxacillin 
and acetaminophen) when compared to group C (co-trimoxazole). 
Furthermore, there was no significant difference (p>0.05) in the 
serum GSH level across the groups (Table 1). However a significant 
decrease (p<0.05) in liver GSH level was observed in group G 
(acetaminophen + ampicillin/cloxacillin + co-trimoxazole) when 
compared with group A, B, C and D (control, ampicillin/cloxacillin, 
co-trimoxazole and acetaminophen). Brain GSH level in group F 
(acetaminophen + co-trimoxazole) was also significantly elevated 
(p<0.05) when compared with the control (group A) (Table 1).
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Table 1: Total thiol and reduced glutathione levels in rats administered acetaminophen, ampicillin/cloxacillin and co-trimoxazole.

Groups A B C D E F G

Total thiol 
(mM)

Serum 0.89±0.14a 1.52±0.09b 0.75±0.03a 1.75±0.08b 1.09±0.08a 1.00±0.18a 1.00±0.10a

Liver 2.47±0.87a 3.24±0.99a 3.40±1.24a 2.43±1.00ab 4.37±0.50a 3.88±1.20a 4.97±0.42ac

Brain 1.35±0.33a 1.84±0.18ab 0.89±0.26ac 1.99±0.31ab 1.69±0.20a 1.59±0.43a 1.31±0.37a

Reduced 
glutathione 

(mM)

Serum 0.61±0.09a 0.57±0.19a 0.53±0.12a 0.52±0.18a 0.63 ±0.06a 0.56±0.05a 0.44±0.11a

Liver 0.57±0.13a 0.57±0.10a 0.56±0.09a 0.52±0.05a 0.53±0.04ab 0.39±0.06ab 0.32±0.06b

Brain 0.41±0.03a 0.46±0.07ade 0.39±0.09ace 0.40±0.05a 0.28±0.08ac 0.59±0.03bd 0.55±0.04ad

Note: A-Control, B-Ampicillin/cloxacillin, C-Co-trimoxazole, D-Acetaminophen, E-Acetaminophen + Ampicillin/cloxacillin, 
F-Acetaminophen + Co-trimoxazole, G-Acetaminophen + Ampicillin/cloxacillin + Co-trimoxazole.

Values are means±SD, n=4 and mean values bearing different alphabets are significantly different (P<0.05) along the same row.

In Figure 1, Oxidized-Low Density Lipoprotein Cholesterol 
(Ox-LDL-C) concentration in the serum was elevated significantly 
(p<0.05) in group F and G ( acetaminophen + Co-trimoxazole and 
acetaminophen + ampicillin/cloxacillin + co-trimoxazole) when 
compared with the control (group A) while the elevations observed 

in the level of serum Ox-LDL-C in group B, C, D and E (ampicillin/
cloxacillin, co-trimoxazole, acetaminophen and acetaminophen + 
ampicillin/cloxacillin) were not significant (p>0.05) compared to 
the control (group A).

Figure 1: Serum concentration of oxidized low density-lipoprotein-cholesterol in rats following administration of acetaminophen, 
ampicillin/cloxacillin and co-trimoxazole.
Key: A-Control, B-Ampicillin/cloxacillin, C-Co-trimoxazole, D-Acetaminophen, E-Acetaminophen + Ampicillin/cloxacillin, 
F-Acetaminophen + Co-trimoxazole, G-Acetaminophen + Ampicillin/cloxacillin+Co-trimoxazole
Values are mean ± SD; n=4 and mean values bearing different alphabets are significantly different (p<0.05).

Inflammatory Response to Acetaminophen, Ampicillin/
Cloxacillin and Co-Trimoxazole

The results presented in Table 2 showed no significant 
alterations (p˃0.05) in the serum levels of Nitric Oxide (NO) and 
monocyte chemoattractant Protein-1 (MCP-1) across the groups 
( B, C, D, E, F and G) when compared to the control (group A). 
Similarly, when compared to the control, there was no significant 

difference (p˃0.05) in the serum concentrations of interleukin 1-β 
(Figure 2), vascular cell adhesion molecule (VCAM-1) (Figure 3), 
and total immunoglobulin G across the groups ( B, C, D, E, F and G) 
when compared with the control (group A) (Figure 4). However, in 
Figure 3, a significant decrease (p<0.05) was observed in the serum 
level of VCAM-1 in group G (acetaminophen + ampicillin/cloxacillin 
+ co-trimoxazole) compared to group B (ampicillin/cloxacillin).

Table 2: Serum concentrations of nitric oxide and monocyte chemoattractant Protein-1 in rats administered acetaminophen, 
ampicillin/cloxacillin and co-trimoxazole.

Groups A B C D E F G

Nitric oxide (µM) 3.04±1.53a 4.32±0.59a 1.18±1.77a 3.36 ±.079a 2.97±1.50a 3.57±0.71a 2.22±1.79a

Monocyte chemoattract 
protein-1 (ng/ml) 156.84±26.59a 136.77±10.20a 160.87±7.65a 145.36±8.26a 141.99±12.46a 136.86±11.64a 167.29±32.45a

Note: A-Control, B-Ampicillin/cloxacillin, C-Co-trimoxazole, D-Acetaminophen, E-Acetaminophen + Ampicillin/cloxacillin, 
F-Acetaminophen + Co-trimoxazole, G-Acetaminophen + Ampicillin/cloxacillin + Co-trimoxazole.
Values are means±SD, n=4 and mean values bearing different alphabets are significantly different (P<0.05) along the same row.
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Figure 2: Concentration of Interleukin-1β in serum of rats administered with acetaminophen, ampicillin/cloxacillin and co-
trimoxazole.
Key: A-Control, B-Ampicillin/cloxacillin, C-Co-trimoxazole, D-Acetaminophen, E-Acetaminophen + Ampicillin/cloxacillin, 
F-Acetaminophen + Co-trimoxazole, G-Acetaminophen + Ampicillin/cloxacillin+Co-trimoxazole
Values are means ± SD, n=4 and mean values bearing different alphabets are significantly different (P<0.05).

Figure 3: Serum vascular cell adhesion molecule-1 levels in rats administered acetaminophen, ampicillin/cloxacillin and co-
trimoxazole.
Note: A-Control, B-Ampicillin/cloxacillin, C-Co-trimoxazole, D-Acetaminophen, E-Acetaminophen + Ampicillin/cloxacillin, 
F-Acetaminophen + Co-trimoxazole, G-Acetaminophen + Ampicillin/cloxacillin + Co-trimoxazole
Values are mean ± SD; n=4 and mean values bearing different alphabets are significantly different (p<0.05).

Figure 4: Total immunoglobulin G content in serum of rats administered acetaminophen, ampicillin/cloxacillin and co-
trimoxazole.
Key: A-Control, B-Ampicillin/cloxacillin, C-Co-trimoxazole, D-Acetaminophen, E-Acetaminophen + Ampicillin/cloxacillin, 
F-Acetaminophen + Co-trimoxazole, G-Acetaminophen+Ampicillin/cloxacillin + Co-trimoxazole.
Values are means ± SD, n=4 and mean values bearing different alphabets are significantly different (P<0.05).
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Histological Assessment of the liver and Brain Tissues

The photomicrograph of liver section of rats in Plate 1 (A-G) 
showed that the hepatocytes of the control (group A) were well 
preserved, while various changes ranging from occlusion of the 
portal central vein and sinusoids (yellow arrow), loss of sinusoid 
lining cells and vacuolation of hepatocytes (white arrow) were 
observed in groups administered ampicillin/cloxacillin only (group 
B), co-trimoxazole only (group C), acetaminophen only (group D) 
and acetaminophen, ampicillin/cloxacillin and co-trimoxazole 
(group G). Similarly, in the group administered acetaminophen 
and ampicillin/cloxacillin ( group E), the sinusoids were markedly 
altered, population of the sinusoid lining cells was markedly 
reduced and the hepatocytes were undergoing degranulation and 

or fragmentation (yellow arrow), while the portal central vein is 
occluded with few fenestrations in the hepatic parenchyma of 
rats administered acetaminophen and co-trimoxazole (group F). 
In plate 2 (A-G), neurodegeneration was observed in the cerebral 
cortex of rats across the groups except in the control (group A) 
where the cerebral cortex was preserved. In the group administered 
ampicillin/cloxacillin (group B), co-trimoxazole (group C), 
acetaminophen (group D), acetaminophen and ampicillincloxacillin 
(group E), acetaminophen and co-trimoxazole (group F), and 
acetaminophen, ampicillin/cloxacillin and co-trimoxazole (group 
G), the cerebral cortex of rats showed neurodegeneration depicted 
with red arrows (vacuolation and perinuclear spacing), black arrow 
(pyramidal neuron) and asterisk (blood vessel).

Plate 1: Photomicrograph of the liver section of rats administered with acetaminophen, ampicillin/cloxacillin, and cotrimoxazole 
(H&E, 40).
Key: A-Control, B-Ampicillin/cloxacillin, C-Co-trimoxazole, D-Acetaminophen, E-Acetaminophen + Ampicillin/cloxacillin,F-
Acetaminophen+Co-trimoxazole, G-Acetaminophen + Ampicillin/cloxacillin + Co-trimoxazole.

Plate 2: Photomicrograph of the cerebral cortex section of rats administered acetaminophen, ampicillin/cloxacillin, and co-
trimoxazole (H&E, x40).
Key: A-Control, B-Ampicillin/cloxacillin, C-Co-trimoxazole, D-Acetaminophen, E-Acetaminophen + Ampicillin/cloxacillin,F-
Acetaminophen + Co-trimoxazole, G-Acetaminophen+Ampicillin/cloxacillin + Co-trimoxazole.
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Discussion
The practice of self-medication has led to irrational/

indiscriminate use of drugs such as analgesics (acetaminophen) and 
antibiotics (ampicillin/cloxacillin and co-trimoxazole) especially 
in delevoping countries [27,28]. Consequently, acetaminophen 
is widely used alone and in combination with other drugs such 
as antibiotics in humans and animals [29,30]. Acetaminophen is 
metabolized through cytochrome P450 to produce the reactive 
intermediate N-acetyl-p-benzoquinonimine (NAPQI) which 
is normally detoxified by GSH under normal conditions [31]. 
However, studies have shown that detoxification of NAPQI results 
in depletion of GSH and the excess NAPQI causes oxidative stress 
[32]. Similarly, antibiotics exhibit antimicrobial effect by inducing 
oxidative damage in bacteria, and this is often followed by 
production of Reactive Oxygen Species (ROS) [15,16,33-35]. These 
reactive species could react with several bio-molecules including 
deoxyribonucleic acid, lipids, and proteins, however, proteins are 
prone to more risk because they often act as enzymes in cells. 
Significantly, all the plasma thiol groups are associated to protein 
and they are oxidative sensitive indexes that are employed in the 
defense system against ROS [36].

Depletion in levels of thiols has been noticed widely in medical 
disorders such as chronic renal failure and other kidney disorders, 
cardiovascular disorders, stroke, and other neurological disorders, 
diabetes mellitus, alcoholic cirrhosis and several other disorders 
and previous studies showed that acetaminophen significantly 
depleted the total thiol content of the liver tissue of rats when 
compared with the control group [37,38]. On the contrary, in this 
present study, an increase was observed in serum total thiol level in 
groups given ampicillin/cloxacillin (Group B) and acetaminophen 
(Group D). The total thiol assessed in this study included the 
oxidant (homocysteine) and antioxidant (GSH) thiol, hence, the 
increased serum total thiol may reflect increased concentration 
in the oxidant thiol group rather than the antioxidant thiol (GSH) 
which might be a consequence of oxidative progression in the 
acetaminophen administered group. This suggestion is further 
backed by the corresponding decrease in the concentration of the 
antioxidant (GSH) thiol (Table 1). 

GSH is a key antioxidant defense system enzyme that is involved 
in detoxification of reactive oxygen species and repair resulting 
damage in the cell [39]. Notably, it is an essential free-radical 
scavenger and scavenger of NAPQI [40]. Salwe et al. in 2017 reported 
that the GSH amount in the liver tissue of the acetaminophen-
administered rats was significantly reduced compared with that 
in the control group [41]. Similarly, in this present study, the 
depletion in liver reduced glutathione (GSH) level observed in 
groups administered acetaminophen and co-trimoxazole (Group 
F) with the lowest level observed in the group administered 
acetaminophen, ampicillin/cloxacillin, and co-trimoxazole (Group 

G) suggests that the drugs are involved in production of reactive 
species and are potentially hepatotoxic with higher risk when 
co-administered. This opinion is strengthened by the alterations 
observed in the hepatocytes of rats administered separate and 
combined doses of acetaminophen, ampicillin/cloxacillin and co-
trimoxazole (Group B-G) when compared with the hepatocytes of 
the control (Group A) that were well preserved (Plate 1), this may 
be due to exposure of the liver to large concentrations of exogenous 
substances and their metabolites [42]. 

In this study, the observed damage to the liver in rats 
administered acetaminophen only may be due the detoxification 
of the reactive intermediate of acetaminophen (NAPQI) which 
depletes thiol groups (Plate 1) [32]. Hepatic GSH is depleted 
by an overdose of acetaminophen, and NAPQI binds to cysteine 
residues on proteins covalently, and this leads to the formation 
of 3-(cysteine-S-yl), which is detrimental to the liver [43,44]. 
Similarly, the alterations observed in the hepatocytes of rats given 
acetaminophen concomitantly with co-trimoxazole and ampicillin/
cloxacillin in this study may be due to an interaction between the 
drugs and suggests that co-trimoxazole and ampicillin/cloxacillin 
might be potentially hepatotoxic (Plate 1), since concomitant intake 
of other drugs that are potentially hepatotoxic may contribute to an 
increased risk of hepatotoxicity associated with the administration 
of acetaminophen even at a therapeutic dose [45]. This is in 
agreement with Sharma and Mehta [46], who stated that interaction 
of acetaminophen with other drugs might occur, and need caution 
in co-administration as this may boost the production of NAPQI and 
increase the risk of acetaminophen toxicity. 

In addition, the brain contains a high level of polyunsaturated 
fatty acids and relatively low antioxidants, thereby making it 
vulnerable to oxidative damage [47]. The uncontrolled production 
of reactive oxygen species in the brain and alteration in balance of 
the antioxidant defense system are linked to pathological changes 
in neurodegenerative diseases, such as Parkinson’s Disease (PD) 
and Alzheimer’s disease (AD)[48,49]. At a therapeutic dose, 
acetaminophen is said to be generally safe and may protect the 
cerebral cortex from oxidative damage and reduce neuronal 
inflammation [50,51]. However, potentially fatal brain damage 
may be caused by acute overdose of acetaminophen, and even after 
a therapeutic dose in few individuals, which may be due to the 
presence of subclinical risk factors such as deficiency of glutathione, 
‘fast-metabolizer’ status, or both [46]. In previous studies, Nencini 
et al. reported that overdose acetaminophen reduced GSH levels 
and induced oxidative stress in the brain. In contrast [52], in this 
present study an increase was observed in brain GSH levels in rats 
administered acetaminophen and co-trimoxazole (Group F) (Table 
1), this might be a consequence of an oxidative progression where 
the degree of oxidation has not exceeded the antioxidant capacity. 
However, when the progression of oxidation overwhelms the 
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capacity of the antioxidant defense system, antioxidant molecules 
such as GSH levels might be reduced [53]. Similarly, the trend 
observed in the brain levels of total thiol across the groups showed 
that the drugs had no effect on total thiol levels at the administered 
doses (Table 1).

Regardless of the pattern observed in the brain levels of 
total thiol and GSH, the histological assessment of the brain 
showed neurodegeneration in the cerebral cortex of rats given 
acetaminophen only as well as in rats given the combination of 
acetaminophen with ampicillin/cloxacillin and co-trimoxazole 
(Plate 2). The ability to effectively access cellular damage through 
histological assessment depends on several factors such as the 
number of injured tissues, size of the sample and tissue sectioning 
during histopathological preparations [54]. Thus, the inconsistency 
between the brain histological examinations, total thiol and GSH 
levels in this study might be due to these factors. However, the 
findings in this study is similar to that of reports from previous 
studies in which several degenerative changes occur in the brain 
cells in response to acetaminophen treatment and acetaminophen 
had a detrimental effect on cortical neurons both in vivo and 
in vitro [55,56]. This suggests that acetaminophen as well as 
ampicillin/cloxacillin and co-trimoxazole might be implicated in 
the histopathological changes associated with neurodegenerative 
conditions. Neurodegeneration may result in a clinical syndrome 
referred to as dementia [57], which characterize a set of 
symptoms such as memory loss, mood changes, and difficulty with 
communication and reasoning.

Ultimately, the trend observed in the levels of total thiol and 
GSH concomitant administration of ampicillin/cloxacillin, co-
trimoxazole and acetaminophen suggested an oxidative stress state 
(Table 1). This is supported by many studies in which it has been 
observed that drugs such as anti-inflammatory and analgesic could 
induce oxidative stress that is accompanied by increased cellular 
oxidants [17], lipid peroxidation and depletion of antioxidants. 
Moreover, antibiotics exerts its therapeutic effect in bacteria by 
inducing a oxidative damage that results in formation of Reactive 
Oxygen Species (ROS) and alteration to DNA, protein, and lipid 
intergrity which results in cell death [15,16,33,34]. 

Furthermore, various clinical studies proved that low density 
lipoprotein is prone to oxidative damage. The Oxidized Low Density 
Lipoprotein Cholesterol (Ox-LDL-C) formed as a result of this 
oxidation has much pathobiological significance [58]. Oxidation of 
Low-Density Lipoprotein Cholesterol (LDL-C), and the following 
engulfment by macrophages in the vascular wall are significant 
steps in atherosclerosis development [59]. A small part of the Ox-
LDL-C particles escapes uptake by macrophages and returns to 
the bloodstream or may leak from atherosclerotic plaques. Thus, 
measuring circulating levels of Ox-LDL-C may contribute to the 
estimation of Cardiovascular Disease (CVD) risk. The increase 

in the Ox-LDL-C observed in the group given acetaminophen and 
ampicillin/cloxacillin (Group E), acetaminophen and co-trimoxazole 
(Group F), and the mixture of acetaminophen, ampicillin/cloxacillin, 
and co-trimoxazole (Group G) might therefore be as a result of the 
oxidative reaction reported earlier in the result of total thiol and 
GSH and may suggest cardiovascular risks (Figure 1).

A link between oxidative stress and pro-inflammatory cytokine 
production has been identified [60]. Conversely, as reported 
in a study conducted by Wu [61], Ox-LDL-C did not change after 
adjustment of any inflammatory markers; therefore, the association 
of Ox-LDL-C was not explained by inflammation. For instance, pro-
inflammatory cytokine interleukin-1β (IL-1β) plays a significant 
role in the signal transduction of immune stimuli from the 
peripheral to the central nervous system, and has been considered 
to be a significant mediator of the immune-induced stress hormone 
release. In this study, no significant change was observed in the 
levels of interleukin- 1β (Figure 2), this is in agreement with the 
trend observed by Hadzi-Petrushev et al. [62], who stated that 
the acetaminophen-induced analgesic toxicity was not associated 
with elevated level of interleukin- 1β, and the trend observed in 
concentrations of MCP-1, nitric oxide, and VCAM-1 also agrees with 
that of interleukin-1β (Table 2) (Figure 3). Although, the trends 
in Ox-LDL-C indicated otherwise, however, pattern observed in 
the immunological markers suggests that there was no active 
progression of inflammatory responses that are vascular related at 
the administered doses of the drugs.

Paradoxically, the oxidation of low density Lipoprotein-
Cholesterol (LDL-C) is the hallmark of all vascular related 
diseases in which the uptake by macrophages initiate the release 
of other chemokines (NO, MCP-1) and cytokines (Il-1β). However, 
significant increase of chemokines and cytokines are observable as 
atherosclerotic plaques starts to form [63-65]. Thus, progression of 
vascular related disorder is known as a very salient process which is 
only evident after many accumulation events. In this present study, 
the increase in Ox-LDL-C that was accompanied with no significant 
change in inflammatory markers suggests that the duration and 
level of Ox-LDL-C was not sufficient to increase the levels of the 
inflammatory markers.

Conclusion
In conclusion, this study showed that the concomitant use of 

acetaminophen, ampicillin/cloxacillin and co-trimoxazole could 
induce oxidative stress that could be weakly related to vascular 
related disorders. Also, the prolonged administration of these 
drugs might be potentially hepatotoxic and have neurodegenerative 
effect.
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