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ABSTRACT
Background and Objective: Traditional medicine uses the medicinal plant, Parkia biglobosa for the
therapy of several diseases. Ethanol extract of Parkia biglobosa leaves’ ability to mitigate oxidative stress
induced by acetaminophen was investigated. Materials and Methods: The 25 Wistar rats were randomly
divided into 5 treatment group: Group I (distilled water alone), group II (500 mg/kg b.wt., of
acetaminophen  alone),  groups  III  (500  mg/kg  b.wt.,  of  acetaminophen  and  140  mg/kg  Silymarin),
group IV (500 mg/kg b.wt., of acetaminophen and 200 mg/kg of Parkia biglobosa leaves extract) and
group V (500 mg/kg b.wt., of acetaminophen and 300 mg/kg of Parkia biglobosa leaves extract). The
animals were sacrificed after 21 days and the liver was isolated and biochemically analysed. Results: A
significant (p<0.05) decrease in (CAT), superoxide dismutase (SOD) and Glutathione Peroxidase (GPx)
activities in the acetaminophen-treated group when compared to the normal control group, whereas the
extract-treated groups exhibited a substantial (p<0.05) rise in the enzymes’ activities. In addition,
thiobarbituric acid reactive substances (TBARS) showed a significant (p<0.05) elevation in group II, but was
markedly (p<0.05) reduced in group IV and V upon extract administration. Acetaminophen treatment
caused the body weight of the rats to significantly (p<0.05) decrease when compared to the control
group, but extract administration in groups IV and V restored the body weights. Conclusion: Tha Parkia
biglobosa exhibited a strong antioxidant effect by ameliorating liver damage caused by acetaminophen-
induced oxidative stress and this pharmacological effect may be linked to its high amount of antioxidant
compounds. Parkia biglobosa leaves need to be studied further to synthesize the bioactive compounds
eliciting the antioxidant properties.
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INTRODUCTION
Acetaminophen, often known as paracetamol, is a frequently utilized drug that alleviates pain and lowers
body temperature. It is known to induce oxidative stress, leading to liver damage and other health
problems. Increased consumption of paracetamol, whether  intentional  or  accidental,  can  cause  severe
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liver damage due to the increased production of harmful free radicals and the decrease in protective
antioxidants in the liver tissue. This is a widely recognized experimental paradigm for studying liver
toxicity1. While therapeutic dosages of this drug are considered safe, an overdose can lead to significant
liver damage known as hepatic necrosis and hepatic failure2. The pathophysiology of paracetamol-induced
liver injury involves the activation of cytochrome P450 (CYP450) isoforms (CYP2E1, CYP3A4 and CYP1A2),
depletion of intracellular glutathione and oxidative stress. The production of N-acetyl-P-benzoquinone
imine (NAPQI), a reactive metabolite, is primarily responsible for these activities. The NAPQI is generated
during the oxidation of acetaminophen, catalysed by cytochrome P4502. Acetaminophen-induced liver
damage primarily stems from oxidative stress, an imbalance between reactive oxygen species and
antioxidant defense systems. This is primarily due to the occurrence of lipid peroxidation, a reduction in
antioxidant enzymes and an impairment of mitochondrial function3. Therefore, it is crucial to discover
efficacious therapies to alleviate the oxidative stress caused by acetaminophen.

Various countries, including affluent nations, widely use traditional medicine for healthcare4. Scientists
have concentrated their efforts on studying the bioactive substances derived from plants used in herbal
medicine. This is due to bacteria’s increasing resistance and negative effects against antibiotics5. These
plants’ medical importance stems from the chemical compounds they possess, which have distinct
physiological effects on the human body6. To explore new treatment methods for certain conditions like
cancer7 and metabolic inflammation8, scientists have focused their efforts on plant phytochemicals. For
an extended period, the examination of medicinal plant components to determine their therapeutic
potential has consistently been an avenue for discovering potent novel drugs9.

Phytochemicals include a variety of natural products found in plants that have therapeutic qualities. These
substances, such as polyphenols and carotenoids, can prevent or slow down the oxidation of lipids and
other molecules by stopping the start or spread of oxidative chain reactions10. Parkia biglobosa, commonly
referred to as the African locust bean, is a plant extensively employed in West Africa for its medicinal
properties. Traditional medicine in tropical Africa frequently advocates its use for a diverse range of health
advantages. People prepare a decoction from the plant’s bark, root and leaves to treat fevers,
hypertension and toothaches11. Prior studies have established the phenolic components12 and hypotensive
effects of the leaf extract13. However, the leaf’s antioxidant activity in acetaminophen-induced oxidative
stress is not well understood. The purpose of this study was to examine the ability of ethanol leaf extract
from Parkia biglobosa to ameliorate acetaminophen-induced oxidative stress in albino rats in order to give
insight to its possible therapeutic potential and usage in the treatment of oxidative stress-related diseases.

MATERIALS AND METHODS
Study location: The study was carried out at the Department of Biochemistry, Federal University Wukari,
Nigeria from September, 2022 to January, 2023.

Plant material collection: Fresh Parkia biglobosa leaves were obtained opposite Federal University,
located in Wukari, Taraba State, Nigeria. The foliage was cleansed by rinsing it in clean water to get rid
of any dirt or dust, allowed to dry in the shade for 2 weeks and then ground in a mill.

Preparation of plant extract: The preparation was carried out as described by Ale et al.14. The 2000 g of
the pulverized leaves were dissolved into a jar containing 2 L of absolute ethanol. The mixture was
macerated with continuous stirring periodically for 72 hrs. After which the solvent was filtered using muslin
cloths followed by Whatman filter paper. Using a rotary vacuum evaporator RE52, the ethanol was
extracted from the filtrate and the residues were then collected and employed in the experiment.

Experimental animals: The 25 Wistar rats (male and female) having an average body weight of 170 g
were purchased from Yola, Adamawa State, Nigeria and tended to in the Biochemistry Department animal
house at Federal University Wukari. They  were  housed  in  clean  cages  with  litter  to  keep  them  warm.
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They received pellet-based food and were managed in accordance with the guidelines established by the
Federal University Wukari, Nigeria’s Committee on Care and Use of Experimental Animal Resources, with
approval number FUW/FPAS/23/017. They were given 2 weeks to acclimatize.

Experimental design: The 25 Wistar rats were divided into 5 groups using a randomized block design
(n = 5); animals in group I served as the control group, they were given feed and distilled water only with
no treatment; group II (negative control), were given acetaminophen 500 mg/kg b.wt., daily, feed and
distilled water without treatment, group III (positive control), were given acetaminophen, single dose of
500 mg/kg daily and treated with standard drug, silymarin (140 mg/kg ), group IV and V were given
acetaminophen, single dose of 500  mg/kg  daily  and  treated  with  Parkia  biglobosa  ethanol  extract
(200 and 300 mg/kg, respectively). Treatment was administered orally using oral gavage for 21 days.
Under chloroform anesthesia, all animals were slaughtered 24 hrs after the final dose of the extract was
administered and the organs were promptly removed, quickly cleaned in ice-cold normal saline and
preserved at -20oC for analysis of MDA, GPx, TBARS, superoxide dismutase (SOD) and catalase (CAT)
activities, in order to ascertain the antioxidant activity of the plant leaves.

Liver homogenates preparation: To obtain 10% (w/v) homogenates, 1 g of liver tissues were
homogenized in 10 mL of ice-cold physiological saline. After centrifuging the resulting homogenates at
5,000 rpm for a period of 10 min, the supernatants were obtained and the activity of superoxide dismutase
(SOD), catalase (CAT), MDA, GPx and TBARS was assessed.

In vivo antioxidant study
Superoxide dismutase (SOD) activity: The technique outlined by Martin et al.15 was used to test the
superoxide dismutase activity. The test material, a tissue homogenate, was combined with 920 µL of
phosphate buffer (0.05 M, pH 7.8) in a sterile test tube. Additionally, a reagent test was conducted by
introducing 40 µL of assay buffer (phosphate buffer pH 7.8, 0.05 M) into a separate, uncontaminated test
tube. After agitating, the combinations were allowed to rest at ambient temperature for 2 min. In a clean
test tube, 920 µL of phosphate buffer (0.05 M, pH 7.8) was added to the sample (tissue homogenate),
which was utilized as the test sample. Another clean test tube was filled with 40 µL of assay buffer
(phosphate buffer pH 7.8, 0.05 M) to provide a reagent test (blank/without sample). The mixtures were
shaken and then allowed to stand for 2 min at room temperature. Additionally,  40  µL  of  hematoxylin
was swiftly combined into the blank test tubes for the reagent and sample, respectively, to initiate the
auto-oxidation reaction. The sample and reagent absorbance test was carried out following the addition
of 40 µL of hematoxylin:

AbsorbanceReagent test (AR) = AbsorbanceReagent test 2-AbsorbanceReagent test 1

AbsorbanceSample test (AR) = AbsorbanceSample test 2-AbsorbanceSample test 1

1- ASSOD inhibition (%) = ×100AR

1- ASSOD activity (μ / mL) = ×100×1.25AR

where, AS/AR is the ratio of the difference between the sample and the reference absorbance.

Catalase (CAT) activity: The methodology outlined by Aebi16 was employed to quantify catalase activity.
After adding a working solution (consisting of 50 mM potassium phosphate buffer with a pH of 7.0, in a
volume of 1000 µL) to a cuvette, the spectrophotometer (Shimadzu UV-1800, Mumbai, Maharashtra,
400067, India) was calibrated at a specific wavelength of 240 nm. In addition, 950 µL of the functional
buffer (490 µL of 50 mM potassium phosphate buffer, pH 7.0), 460 µL of 30 mM hydrogen peroxide (H2O2)
and 50 µL of a sample (tissue homogenate) were put  into  a  separate  clean  cuvette  and  quickly  mixed.
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In order to create a catalase standard, 950 µL of working assay buffer were combined with 50 µL of diluted
catalase standard. Every minute for 5 min,  at  240  nm,  the  rate  of  H2O2  oxidation  was  determined.
The sample’s deterioration rate was recorded as (A240 nm/min), while the catalase activity was determined
and presented as (µ/mL):

ΔA240 nm/min = Change in the amount that is absorbed per minute

ΔA240  nm / minCatalase (µ / mL) is calculated = Volume of the reaction mixture

Activity of glutathione peroxidase (GPx) glutathione: Paglia and Valentine17 improved approach was
used for the peroxidase assay. The samples (tissue homogenate) were placed on ice and all reagents were
prepared and used at room temperature. The glutathione reductase and NADPH diluent (4 mM NaN3 in
buffer with stabilizer) were used to reassemble the NADPH reagent (-nicotinamide adenine dinucleotide
phosphate and GSH reduced). The 50 µL of working NADPH was added and then precisely 50 µL of the
sample was transferred to a clean test tube. Also, the sample test tube received 50 µL of working H2O2 (0.3
mL of 3% H2O2 diluted to 10 mL with assay buffer), which was then given a minute to adjust. The sample
was removed from the tube and 50 mL of distilled water was added to create the blank tube. The mixtures
from both tubes were transferred to cuvettes and the absorbance was measured for 5 min at 340 nm while
comparing each reading to a blank sample every 30 sec. The net rate was used to compute the
glutathione peroxidase activity, which was then represented as (µ/mL):

2 (mRates - mRateb)150GPx = 6.22×50

where, mRates is the measurement of the sample rates and mRate b is the measurement of the blank
rates.

Thiobarbituric acid reactive substances (TBARS): Using the method outlined by Fraga et al.18, in the
tissues, the presence of thiobarbituric acid reactive compounds (TBARS) was identified. A clean sample
centrifuge tube was used to mix the 250 µL of tissue homogenate (the sample), 250 µL of the acid reagent
(1 M phosphoric acid), 10 µL of the BHT  reagent  (10  µL  of  butylated  hydroxytoluene  in  ethanol)  and
250 µL of the TBA reagent (2 mL of 2-thiobarbituric acid restored with 10.5 mL distilled water) were used.
By substituting 250 µL of distilled water fr the sample, a blank test was obtained. Following that, at 60EC
in a water bath, the tubes were incubated for 60 min. After cooling, it underwent a 3 min, 10,000×g
centrifugation. After that, cuvettes were used to hold the reaction mixture in both tubes and measured
for 5 min against a blank sample using an absorbance reading at 532 nm. The unit of measurement for
TBARS concentration is the malondialdehyde (MDA)corresponds to (µM).

Molar absorptivity of MDA = 1.56×105 MG1 cmG1

-1 -1
AbsorbanceConcentration of MDA = 1.56×105 M cm

Statistical analysis: Version 20 of the Statistical Package for Social Sciences (SPSS) was used for Analysis
of Variance (ANOVA) for variation in treatment means and a Duncan’s multiple comparisons test on all
data. The data was presented as Mean±Standard Deviation (n = 5), result means were compared for
statistical significance (p<0.05).

RESULTS
Effect of Parki biglobosa on glutathione peroxidase (GPx) activity: Table 1 reveals that group IV has
the highest GPx activity, followed by group V, while group II treated with acetaminophen alone shows a
considerable reduction compared with the normal control group.
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Table 1: Effect of Parkia biglobosa leaves ethanolic extract on antioxidant enzymes in the liver homogenate of acetaminophen
(Paracetamol PCM)-induced hepatotoxicity in Wistar rats

Treatment groups CAT SOD GPx TBARS
I Normal control (distilled water) 0.88±0.05ab 150.00±5.64b 16.21±1.22b 1.37±0.12ab

II Negative control (PCM) 0.53±0.03a 78.64±2.33a 9.10±2.05ba 2.84±0.25d

III Positive control (PCM+silymarin) 1.04±0.04b 221.36±5.42cd 24.88±2.55c 1.52±0.04b

IV PCM+200 mg/kg b.w., extract 2.12±0.08c 193.63±7.67c 27.00±0.05d 1.18±0.14a

V PCM+300 mg/kg b.w., extract 1.78±0.13bc 245.45±6.65d 25.23±0.09cd 1.79±0.15c

Values are presented as Mean±Standard Deviation. Within the same column, different superscripted values differ considerably at
p<0.05.  CAT:  Catalase  (U/mg  protein/min),  SOD:  Superoxide  dismutase  (U/mg  protein/min),  GPx:  Glutathione  peroxidase
(U/mg protein/min) and TBARS: Thiobarbituric acid reactive substances (U/mg protein/min)

Table 2: Effect of Parkia biglobosa leaf ethanolic extract on Wistar rats’ body weight after acetaminophen (paracetamol)-induced liver
toxicity

Treatment groups Week one (g) Week two (g) Week three (g)
I Normal control (distilled water) 146.40±5.59a 173.80±5.86a 188.60±5.75a

II Negative control (PCM) 169.00±11.73b 145.40±10.11c 121.00±8.46b

III Positive control (PCM+silymarin) 168.20±9.29b 176.80±8.41a 196.80±3.93ab

IV PCM+200 mg/kg b.w., extract 155.40±10.22ab 162.20±10.63b 177.00±10.18c

V PCM+300 mg/kg b.w., extract 153.60±8.87ab 181.60±9.56ab 204.80±7.29d

Values are presented as Mean±Standard Deviation. Within the same column, different superscripted values differ considerably at
p<0.05

Effect of Parki biglobosa on superoxide dismutase (SOD) activity: Comparing group II, which received
500 mg/kg of acetaminophen without therapy, to group I, the SOD level dropped significantly. On the
other hand, group VI and V exhibited an increase in SOD activity comparable to conventional medication
in the third group. However, 300 mg/kg was more effective than 200 mg/kg (Table 1).

Effect of Parki biglobosa on catalase (CAT) activity: As shown in Table 1, groups IV and V have the
highest catalase activity followed by group III, while the lowest activity was recorded in group II.

Effect of Parki biglobosa on TBARS activity: The results in Table 1 reveal that group II has the highest
TBARS activity, while Groups IV and V produced TBAR levels that are significantly lower (p<0.05) than
group II.

Effect of Parki biglobosa on animal  weight:  When  compared  to  group  I,  group  II,  which  received
500 mg/kg of acetaminophen without treatment over 21 days, there was a substantial (p<0.05) weight
loss. The conventional medicine (group III) elicited an effect comparable to the weight gain seen in group
IV and V, which is significant as shown in Table 2.

DISCUSSION
Free radicals and antioxidants are in an unfavorable balance known as oxidative stress, which can impair
redox signaling and regulation and/or induce molecular damage. One standard hallmark of the toxicity
of substances, such as N-acetyl-para-benzoquinoneimine (NAPQI), an active metabolite of acetaminophen,
is the increased reactive oxygen species (ROS) production, leading to oxidative stress in cells3. Insufficient
antioxidant enzyme activity leads to increased lipid peroxidation19. Glutathione is a crucial compound for
the regulation of many cellular activities. It serves as a first hand antioxidant by superoxide reaction,
peroxyl and single-oxygen molecules to form oxidized glutathione and other disulfides. The cells create
reactive oxygen species, particularly superoxide anions and related compounds. One of these products,
the hydroxyl radical is highly destructive and responsive, causing the peroxidation of lipids in cell
membranes20. Malondialdehyde (MDA) is a byproduct of lipid peroxides that are produced when oxygen
free radicals trigger the oxidation of lipids in tissues. Lipid peroxidation is a process where polyunsaturated
fatty acids undergo oxidative destruction. This process has  been  associated  with  changes  in  membrane
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structure and the inactivation of enzymes. The significant decrease in endogenous antioxidants and the
increase in MDA are indicators of acetaminophen’s oxidative effects on rat liver and blood. Lipid
peroxidation, a complicated process, compromises the functionality and structure of cells. The
peroxidation of the lipids in the cell membrane, which begins the process of the membrane’s integrity
being destroyed, causes cell lyses. However, due to the lower activity of tissue antioxidant enzymes, lipid
peroxides or protein carbonyls are more likely to cause tissue damage19.

The body produces a variety of antioxidants, such as CAT, SOD, GSH and GPx, to’mop up’ or neutralize
free radicals that can harm cells and so defend themselves from oxidative stress. The body’s ability to
create these antioxidants is determined by genetic makeup and environmental factors, including nutrition
and chemical exposure21. The findings support the hypothesis that acetaminophen toxicity is caused in
part by the antioxidant defense system’s depletion. In experimental models and people, the routines of
regularly used chemotherapy typically lead to an increase in the production of free radicals and a decrease
in antioxidant enzyme activities, as demonstrated by acetaminophen-induced oxidative stress22. In group
II, which received 500 mg/kg of acetaminophen without treatment, there was a substantial (p<0.05)
decline in levels of GPx, SOD and CAT in comparison to group I (normal control).

Additionally, there was a considerable (p<0.05) increase in the formation of TBARS in group II compared
to normal control and treatment groups III, IV and V, which receive silymarin at 140, 200 and 300 mg/kg
b.wt., dosages, respectively. This might be caused by low GSH levels, which boosted lipid peroxidation and
led to high levels of TBARS production brought on by acetaminophen use, which in turn increased GSH
consumption. Reduced glutathione, the enzyme’s substrate, may be becoming less available, which would
explain the observed decline in GPx activity19. Lipid peroxidation may have developed and spread as a
result of the drop in SOD activity23. Due to the decreased SOD activity, the superoxide anion produced
during normal metabolism cannot be eliminated24. The increased synthesis of reactive oxygen species such
superoxide and hydrogen peroxide, which in turn causes the inhibition of these enzymes’ activities, could
be the cause of the decreased SOD and catalase activity19.

The ROS formation that is greater than the antioxidant system’s capacity can result in oxidative stress and
damage to lipids, proteins, cells and nucleic acids19. Catalase scavenges H2O2 generated either by SOD or
by free radicals during the process of removing superoxide anions. In groups IV and V of Wistar rats
treated with P. biglobosa at 200 and 300 mg/kg body weight dosages in conjunction with acetaminophen,
the decrease in SOD, CAT and GPx activity shown in group II rats was reversed with evidence of a
considerable (p<0.05) increase in the enzymes’ activities (Table 1). In addition, the formation of TBARS
adduct was markedly (P<0.05) mitigated by the extracts. It’s possible that P. biglobosa protective qualities
are enhanced by the presence of polyphenols. According to Ajaiyeoba25, in addition to helping the body
rid itself of xenobiotics, polyphenols also affect the expression of an important enzyme involved in cellular
antioxidant defenses. Because  of  the  significant  recovery  of  plasma  and  hepatic  antioxidant  levels,
P. biglobosa may be an efficient chemopreventive drug against oxidative stress and may lessen the
acetaminophen-induced hepatic oxidative damage in rats26.

According to studies by Ogunyinka et al.27, P. biglobosa decreased oxidative stress in the liver of
streptozotocin-induced diabetic Wistar rats and the result was in line with their discoveries. Strong
antioxidant properties of the extract may have reduced oxygen radical production by white blood cells
and enhanced cardiovascular health. Parkia biglobosa has considerable antioxidant activity and a large
concentration of phenolic compounds28. Rats administered acetaminophen exhibited a substantial
decrease in body weight as compared to the control group. In contrast, administration of P. biglobosa to
groups IV and V resulted in a significant increase in body weight compared to the control group (group
III in Table 2). This is proof of P. biglobosa effectiveness in reducing the anomalies and oxidaitive attacks
brought on by acetaminophen.
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Findings herein may aid in the creation of natural remedies or supplements to enhance health outcomes,
especially in populations with high rates of oxidative stress-related ailments. Examining the processes
behind P. biglobosa’s ability to reduce oxidative stress can throw light on the particular antioxidants and
phytochemicals that give it its medicinal qualities. This may result in the discovery of novel compounds
with possible uses in medicine. Additional investigation is required utilizing human models to comprehend
the fundamental mechanisms of action and the particular routes.

CONCLUSION AND RECOMMENDATION
This research reveals that Parkia biglobosa leaves ethanol extract mitigated acetaminophen-induced
oxidative stress in rats, by profoundly diminishing MDA levels and elevating GPx, SOD and CAT levels.
Parkia biglobosa leaves may be taken into consideration for the management of diseases linked to
oxidative stress because phytochemicals with antioxidant activity are able to inhibit the action of free
radicals involved in the pathogenesis of conditions like cancer, atherosclerosis, liver disorders and
neurodegenerative diseases. Parkia biglobosa leaves need to be studied further to synthesize the bioactive
compounds exhibiting antioxidant properties and to understand the underlying mechanisms of action of
the specific pathways employed.

SIGNIFICANCE STATEMENT
Oxidative stress is often implicated in several ailments and diseases including cancer, neurodegenerative
diseases and cardiovascular diseases. In addition, the use of synthetic conventional drugs is usually
accompanied by many disadvantages including side effects and high cost of affordability. There is
therefore a need for a safer, more effective and cheaper source of therapy from plants. Meanwhile, studies
have given insight into the bioactive compositions of Parkia biglobosa including phenolic compounds and
flavonoids. This necessitated this research to investigate the ameliorative potential of the ethanol leaf
extract of Parkia biglobosa on acetaminophen-induced oxidative stress in albino rats. Unravelling the effect
of Parkia biglobosa on antioxidant indices is critical to identifying and characterizing plant’s bioactive
compounds’ and could give a direction into its therapeutic use in addressing oxidative stress-related
conditions.
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