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Overdosing on medications can be unintentional or deliberate. Acetaminophen (APAP) is a widely used over-the-counter 
analgesic and antipyretic drug. APAP overdose can induce spleen and cardiotoxicity apart from hepatotoxicity. Bonduc nut 
is well-known for its medicinal and therapeutic properties. More scientific data is necessary to be therapeutically relevant. 
This study examined the effects of Bonduc nut extract (BNE) on APAP-induced spleen and cardiotoxicity in Wistar albino 
rats. The rats were divided into five groups of six rats each. In vitro assays were carried out to analyze antioxidant activity 
and free radical scavenging activity in aqueous, ethanol, and methanol solvents in Bonduc nut powder. Total phenolic 
content, DPPH, catalase, and peroxidase activity were used to test antioxidant activity. The rats were euthanized after the 
study period to examine antioxidant parameters such as superoxide dismutase, catalase, reduced glutathione, and glutathione 
peroxidase, as well as lipid peroxidation and histopathology of the spleen and heart tissues. Results suggest that compared to 
other solvents aqueous has better Invitro antioxidant ability and the same extract significantly increased the antioxidant and 
reduced lipid peroxidation followed by restoring the tissue morphology in APAP-induced spleen and cardiotoxicity. The 
outcome of the study revealed that aqueous BNE has a significant protective efficacy against APAP-induced spleen and 
cardiotoxicity in Wistar albino rats. 
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N-acetyl-p-aminophenol, also generally known as
Acetaminophen or APAP, is a non-prescription
analgesic and antipyretic medication that is regarded
as safe and effective at therapeutic doses all over the
world. Even though APAP has an excellent safety
record at therapeutic doses, high doses can cause
severe liver poisoning. Adults should take 650 mg to
1000 mg of APAP every 4 to 6 h, not to exceed
4 g per day. The dose for children is 15 mg/kg every
6 h, up to 60 mg/kg each day. At 7.5 g/day to 10
g/day, or 140 mg/kg, toxicity begins1. One of the most
common causes of poisoning is APAP toxicity. APAP
overuse or overdose has been linked to organ damage
and even death in various studies2. The presence of
a metabolic enzyme (Cytochrome p450s) in the
heart was discovered by Thum and Borlak,
who proposed that APAP could be activated
metabolically. Though hepatotoxicity from APAP
intoxication has been extensively investigated, data on
the spleen and cardiotoxicity is limited3.

Oxidative stress occurs when the body's 
antioxidant defense mechanism is depleted, resulting 
in lipid peroxidation, cell membrane breakdown, 
nucleic acid oxidation, and cell damage4,5. Many 
studies have shown that oxidative stress in various 
biological organs and systems, such as the kidney, 
liver, neurological system, and cardiovascular system, 
is involved in the toxicity of medications and 
other chemical molecules. As a result, there is a 
growing interest in exploring the mechanism and 
usefulness of natural antioxidants in the treatment of 
toxicity. In recent investigations, a variety of natural 
plants and food supplements have been employed as 
antioxidant agents6,7. 

Caesalpinia bonducella is a big, thorny shrub that 
grows in India’s hotter and southern regions. Its seed 
is also known as Fever nut, Bonduc nut, and Nicker 
nut8. It's a massive thorny shrub with hooks and 
straight, strong yellow prickles on the branches. 
Bonduc nuts have been used traditionally to treat a 
variety of symptoms and maladies, including 
abdominal pain, colic, leprosy, fever, edema, and 
malaria9. In folkloric medicine, the seeds of Bonduc 
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nut are said to have diverse therapeutic properties 
such as anti-inflammatory, antipyretic, anti-diabetic, 
anti-periodic, anti-diuretic, anthelmintic, anti-
bacterial, anti-convulsant, anti-anaphylactic, anti-
diarrheal, antiviral, anti-asthmatic, anti-inflammatory, 
anti-amoebic and anti-estrogenic effects10. The seeds 
contain a good nutrition profile and a bunch of 
therapeutic properties compared to other parts which 
are attributable to the presence of phytochemicals 
such as furan diterpenes, phytosterinin, beta-
sitosterol, flavonoids, bonducellin, aspartic acid, 
arginine, citrulline, and beta-carotene11.  

When acetaminophen at a supratherapeutic dose 
(greater than 4 g/day), is consumed, glucuronidation 
and sulfation pathways get saturated, thereby higher 
quantities of APAP are metabolized through the 
CYP450 pathway12. As a consequence, producing large 
amounts of toxic NAPQI which then binds to a range 
of cellular proteins, in particular mitochondrial 
proteins, this binding results in 80-90% depletion of 
GSH functions in the organs and aggregation of these 
unconjugated NAPBQI in cells progresses to cell death 
resulting in oxidative stress, ultimately toxicity13,14. So, 
in the current research, we scrutinized the protective 
effects of Bonduc nut on APAP-induced spleen and 
heart toxicity in female Wister albino rats through the 
biochemical and histopathological evaluation for the 
prophylactic efficacy of BNE against the adverse 
effects of APAP overdose on spleen and heart. 
 
Materials and Methods 
 

Drug and chemicals 
Bonduc nut seed powder was procured from Jeyam 

Herbals in Madurai, Tamil Nadu, India. APAP and 
Silymarin were purchased from Sisco Research 
Laboratories (SRL), Chennai, India. To administer to 
animals, all the agents had to be suspended in water 
free of pathogens. All additional chemicals that were 
bought and used were of the finest analytical standard. 
 

Extract preparation 
Shukla et al method15 was used to make the seed 

extract. Using a Soxhlet apparatus, 50 g powder of 

Bonduc nut was extracted for 16 h with 500 mL of 
95% ethanol. On a rotary flash evaporator, the crude 
extract was filtered through Whatman paper and the 
filtrate was evaporated to dryness. The Bonduc nut 
extracts (BNE) were kept at 4C in a sterile glass 
container until needed. 
 

Antioxidant potential, free radical scavenging, and total 
phenols of Bonduc nut  

The ethanolic, methanolic, and aqueous extracts 
were made by dissolving 10 g of grounded Bonduc 
nut powder in 100 mL of ethanol, methanol, and 
distilled water in a separate conical flask and 
incubating at 25°C for 48 h and 24 h, respectively, 
with continual shaking. It was then concentrated and 
kept at 4°C after filtering with Whatman filter paper. 
All three extracts were serially diluted at the 
following concentrations: 1:2, 1:4, 1:8, 1:16, and 
1:32. Antioxidant activities, such as catalase, 
peroxidase, DPPH assay, and total phenolic content, 
were assessed in each extract. The method of Luck 
was used to determine catalase activity16, the method 
of Reddy et al. was used to determine peroxidase 
activity17, the method of Blois was used to determine 
DPPH assay18, and the singleton et al. 1999 method 
was used to determine total phenolic content. 
 

Experimental animal housing conditions 
Wistar albino rats of the female sex (160-190 g) 

were procured for the research from the Vellore 
Institute of Technology (VIT) Animal House in 
Vellore, Tamil Nadu, India. The experimental 
operating method and use of animals were approved 
by the VIT, Vellore's intuitional animal ethical 
committee (VIT/IAEC/17/Feb2020/10) following 
Indian CPCSEA guidelines. The animals were kept in 
regular conditions and housed in six cages. The 
animals were acclimatized for a week before the start 
of the experiment. Rats were given free access to 
water and a pellet as food purchased from Hindustan 
lever Ltd. in Mumbai, India.  
 

Scheme of experiment 
The rats were separated into five groups of six rats 

each and given the following treatment (Table 1). All 

Table 1 — Treatment schedule 

Groups Indications Treatment Dose Administration days 
I Normal control Nil NA NA 
II Toxic control APAP 2 g/kg b.w 8th day 
III Treatment Aqueous BNE 

APAP 
300 mg/kg b.w 
2 g/kg b.w 

All 8 days 
8th day 

IV Standard control Silymarin 
APAP 

100 mg/kg b.w 
2 g/kg b.w 

All 8days 
8th day 

V Drug alone Aqueous BNE alone 300 mg/kg b.w All 8 days 
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drugs or candidates were administrated orally via oral 
gavage and the animals were allowed to fast for 12 h 
after the last dose of an eight-day treatment period. 
On the ninth day, they were sacrificed under ether 
anesthesia. For antioxidant and histological 
investigation, spleen and heart tissue were obtained.  
 
Appraisal of tissue Antioxidant and lipid peroxidation 
analysis 

The antioxidant parameters superoxide dismutase 
(SOD), catalase (CAT), reduced glutathione (GSH), 
glutathione peroxidase (GPx), and Malondialdehyde 
(MDA) was assessed using spleen and heart homogenate 
according to the techniques published by19,20. 
 
Microscopic evaluation of tissue morphology  

Spleen and heart tissues from rats were rinsed in 
0.1M ice-cold PBS and fixed in 10% formalin before 
being dehydrated, embedded in paraffin wax, and cut 
into 5 mm thick sections. Tissue sections were then 
mounted on a slide and stained with hematoxylin (H) 
and eosin (E) before being observed under an optical 
microscope for histopathological anomalies, which 
were documented and photographed. 

Statistical analysis and Data Representation 
Graph Pad was used to calculate the statistical 

significance between the groups using a one-way 
analysis of variance (ANOVA) followed by Tukey’s 
post hoc test. The analysis findings were given as a 
mean and standard error. Significant was defined as a 
p-value of less than 0.05. 
 
Results 
 

In vitro antioxidant activity, total phenolic and flavonoid 
contents of BNE extracts 

Figure 1A depicts the activity of BNE on total 
phenolic content. It has been found that the dilution of 
(1:2) produces better results than other dilutions in all 
extracts. Total phenolic content activity decreases as 
the serial dilution ratio increases. This shows that 
aqueous BNE has more total phenolic contents than 
ethanolic and methanolic extracts. In the DPPH assay, 
in comparison to all other dilutions, the 1:2 dilution 
showed good activity in all extracts. The activity of 
the DPPH test is directly related to the serial dilution 
ratio. Bonduc nut ethanolic extract has higher activity 
than methanolic extract. However, the aqueous extract 

 
 
Fig. 1 — In vitro antioxidant potential of Bonduct nut. (A) Total phenolic content; (B) Free radical scavenging; (C) Catalase; and (D) Peroxidase 
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outperformed all other BNE (Fig. 1B). This shows that 
aqueous BNE has more DPPH scavenging activity  
than ethanolic and methanolic extracts. The efficacy of 
BNE on the Catalase assay was shown in (Fig. 1C). 
When compared to other dilutions such as 1:4, 1:8, 
1:16, and 1:32, the sample with a dilution of 1:2 
showed potential activity in catalase assay in all 
extracts. Compared to all other extracts, the aqueous 
extract had a potential effect. Figure 1D shows the 
peroxidase activity of the ethanolic, methanolic, and 
aqueous BNE. With increasing dilution, all of the 
extracts showed a steady decline in peroxidase activity. 
The 1:2 dilution showed potential action when 
compared to all other dilutions. When compared to the 
other extracts, the aqueous extract performed better. 
 

Repercussions of aqueous BNE on antioxidants and oxidative 
stress in APAP-induced spleen and cardiotoxicity in rats 

APAP-induced SOD levels in the rat’s spleen and 
heart dropped significantly. APAP associated with the 
BNE-treated group and APAP associated with the 

silymarin-treated group elevated SOD levels near 
normal ranges as in the healthy control group. The 
BNE-alone treated group had a normal SOD value. 
The level of SOD activity in the spleen and heart of 
rats is shown in (Fig. 2A and Fig. 3A). In Groups I 
and V, the normal range of catalase levels was shown. 
Catalase levels in the APAP-treated group II were 
considerably lower. Catalase levels in Groups III and 
IV had shown almost similar levels to the control 
group. Group III outperformed group IV which shows 
their efficacy. The level of catalase activity in the 
spleen and heart is shown in (Fig. 2B and Fig. 3B). 
The antioxidant status of GSH in the entire spleen and 
heart group was evaluated to analyze its level. Group 
I display the typical normal range. The APAP-
induced group showed a significant (P ˂0.05) decline 
in level. In the BNE-treated group, GSH levels were 
restored to almost equal to the normal group. In the 
Silymarin-treated group, the range was similarly 
retained however not better than BNE-treated group. 

 
 
Fig. 2 — Reviving capacity of aqueous BNE against APAP-induced toxicity on rat’s spleen antioxidants. Note: “abcd: indicated
P <0.05 and “(abcd)*” P ˂0.01, these variables signify statistical significance. One-way ANOVA was used in the statistical analysis, 
followed by Tukey's test. (A) group I vs group II, III, IV & V; (B) group II vs group III, IV & V; (C) group III vs group IV & V; and (D) 
group IV vs group V 
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In the BNE alone treatment group, were maintained as 
similar to the normal range (Fig. 2C and 3C). Fig. 2D 
and 3D depicted the levels of GPx in all five groups 
of spleen and heart samples. Group I show the 
standard GPx range. The APAP-induced group had 
shown significantly lower levels. The BNE and 
silymarin treatment group restored GPx parameters. 
Both BNE and silymarin are equally effective in GPx. 
Silymarin also has a better track record of reducing 
GPx levels. In the BNE-alone treatment group, these 
levels were maintained. 

The lipid peroxidation level in the APAP-treated 
group was significantly greater than the normal range. 
Lipid peroxidation in the normal control group was 
around 1 nmol MDA formed/mg protein, whereas it 
was five times higher in the toxic group. In the 
APAP-induced silymarin and BNE treatment group, 
lipid peroxidation was restored within normal ranges. 
In the BNE-alone treatment group, remained similar 
to the normal range. The levels of lipid peroxidation 
activity in the spleen and heart are shown in (Fig. 2E 
and Fig. 3E). 

Repercussions of aqueous BNE on histopathological 
alterations in APAP-induced spleen toxicity 

The morphology of the spleens of APAP-induced 
rats showed numerous abnormalities, including white 
pulp atrophy and lymphoid degeneration. The 
histoarchitecture of Group I is shown to be normal. 
The normal splenic parenchyma was found to have 
been in the APAP-induced along with aqueous BNE-
treated group. The white pulp atrophy and lymphoid 
degeneration were regained in the aqueous BNE-
treated group. However, silymarin was unable to 
recover the lymphoid follicles generated by APAP-
induced rats. In the aqueous BNE alone treated group, 
normal spleen histoarchitecture was seen. The 
histological tissue of the spleen was shown in (Fig. 4). 
 
Repercussions of aqueous BNE on histopathological 
alterations in APAP-induced cardiotoxicity 

The histopathological assessments of the heart 
were depicted in (Fig. 5). The morphology of the 
heart was preserved in the normal control group. The 
APAP-induced group had localized waviness of the 
heart and myocardial fiber degeneration.  The cardiac  

 
 

Fig. 3 — Reviving capacity of aqueous BNE against APAP-induced toxicity on rat's heart antioxidants. Note: “abcd: indicated
P <0.05 and “(abcd)*” P ˂0.01, these variables signify statistical significance. One-way ANOVA was used in the statistical analysis,
followed by Tukey's test. (A) group I vs group II, III, IV & V; (B) group II vs group III, IV & V; (C) group III vs group IV & V; and (D): 
group IV vs group V 
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Fig. 4 — Reviving capacity of aqueous BNE against APAP-induced toxicity on rat’s spleen tissue architecture 
 

 
 

Fig. 5 — Reviving capacity of aqueous BNE against APAP-induced toxicity on rat’s heart tissue architecture 
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morphology of the aqueous BNE-treated group 
preserved the heart tissue architecture as similar to 
normal as we observed normal myocardial fibers. 
Group Ⅳ had healthy cardiac fibers with minor 
damage. BNE-alone treated group shows normal heart 
histoarchitecture.  
 
Discussion 

Overdoes of APAP has been shown to cause 
oxidative damage, inflammation, and apoptosis,  
all of which contribute to spleen and heart 
poisoning21,22. Organ damage results from this 
process' disruption of cellular homeostasis and 
induction of tissue necrosis23,24. As a result of 
glutathione depletion brought on by acetaminophen 
intoxication, the toxic reactive metabolite NAPQI is 
produced, which leads to an excessive build-up of 
toxic metabolites, leaves significant quantities of 
reactive species unbound, and worsens toxicity. 
Bonduc nuts have a wide variety of biological 
activities and therapeutic benefits. 

The aqueous BNE showed potential activity in  
In vitro studies such as total phenolic content, DPPH 
assay, catalase, and peroxidase activity (Fig. 6). In 

comparison to all other extracts, the aqueous BNE has 
demonstrated better potential activity, with a 1:2 
dilution showing the best activity. The stable free 
radical DPPH and total phenolic content aid in the 
evaluation. Catalase boosts antioxidant properties by 
protecting living cells from oxidative stress, and it 
appears to be abundant in our extract as an antioxidant 
booster25–27. Peroxidase is an enzyme involved in the 
scavenging of reactive oxygen species (ROS), as well 
as hormone regulation, H2O2 detoxication, and lignin 
biosynthesis28,29. In our study aqueous extract in the 
dilution, 1:2 shows increased activity in all those 
parameters when compared to methanol and ethanol 
extracts. So based on our results we mainly focused 
on aqueous BNE. 

An excessive amount of APAP causes cellular 
GSH to be depleted. Therefore, GSH's capacity to 
detoxify NAPQI was diminished. Oxidative damage 
is mediated by NAPQI elevation. As a result, cellular 
damage and organ failure are exacerbated. APAP has 
been shown to cause acute and/or chronic 
hepatotoxic, nephrotoxic, gastrointestinal problems, 
splenic enlargement, and cardiotoxicity in several 
trials. The liver receives 75% of its blood directly 

 
 

Fig. 6 — Solvent extraction and antioxidant potential of Bonduct nut 
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from the gastrointestinal tract and portal veins transport 
medications as foreign substances and xenobiotics in 
the near-undiluted form to the spleen. Splenic 
monocytes enter the blood after tissue injury and 
migrate to inflammatory areas. These splenic 
monocytes mature into macrophages, which play a role 
in both pro- and anti-inflammatory responses. 
Medicinal plants, such as Bonduc nut, may play an 
important role in the treatment of diseases and as a 
potential substance for health maintenance. As a result, 
the biological activities of the Bonduc nut (9 subtribes 
with 80 more genera than 47 genera) are diverse30. 

APAP's major metabolite, NAPQI, is responsible 
for the production of free radicals by interfering with 
the body's antioxidant defense mechanism. Free 
radicals are extremely reactive and can trigger the 
oxidation of a variety of enzymes10. After interacting 
with GSH and lowering its amount in the cell, NAPQI 
causes cellular injury. As a result, NAPQI weakens 
the GSH-dependent antioxidant mechanism and 
increases the generation of free radicals14,31,32. APAP 
toxicity can result from an increase in intracellular 
levels of reactive oxygen species (ROS), which are 
harmful at high concentrations and can interact with 
macromolecules. The amount of GSH, SOD, CAT, 
and GPx in the APAP-administered group reduced 
significantly (P <0.05), but the amount of GSH, SOD, 
CAT, and GPx improved after using BNE as a pre-
treatment. As a result, Bonduc nut could be used as a 
pre-treatment medication before APAP delivery to 
prevent APAP- induced toxicity. 

Membrane lipids are especially susceptible to free 
radical destruction. Lipid peroxidation occurs when 
lipids react with free radicals24,33–35. The synthesis of 
NAPQI causes lipid peroxidation, which is one of the 
main causes of APAP-induced toxicity. MDA, a 
breakdown product of polyunsaturated fatty acid 
oxidation, is employed as a measure of lipid 
peroxidation in tissues, and it is the most important 
factor in oxidative stress. In our study, the quantity of 
MDA increased significantly following the 
administration of APAP compared to the control 
group, but the amount of MDA was reduced by 
administering BNE for all 8 days as a pre-treatment in 
group Ⅲ. 

Using BNE as a pretreatment medicine, the spleen 
and heart had the best results in tissue healing in  
this investigation. BNE had a protective effect on  
the spleen and heart, according to the 
histopathological investigation. The administration of 
APAP caused tissue damage in the spleen and heart in 
group Ⅱ, while in group Ⅲ, the spleen and heart 
injuries caused by APAP were neutralized by BNE. 
Other investigations have already demonstrated the 
negative effects of APAP on the spleen36 and 
heart37,38. 

The benefits of Bonduc nut were investigated in 
this study by decreasing APAP-induced oxidative 
stress, free radicals, and reactive oxygen species 
produced in the spleen and heart of rats, as well as 
attenuating APAP-induced antioxidants and tissue 
morphological alterations (Fig. 7).  

 
 

Fig. 7 — Outlining aqueous BNE ability on APAP-intoxicated rats 
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Conclusion 
Our research demonstrated that the aqueous BNE 

has higher antioxidant activity in In vitro than the 
ethanol and methanol extracts. In APAP-induced 
spleen and heart damage, oxidative stress was serious. 
Bonduc nut is a powerful antioxidant that has been 
shown to protect intoxicated rats from APAP-induced 
oxidative damage. APAP intoxication resulted in 
varied degrees of lipid peroxidation, antioxidant 
enzymes activities depletion, and alterations in 
histopathological structures of the spleen and heart 
tissues. In terms of tissue alterations, antioxidant 
enzyme activity, and oxidative stress, pretreatment with 
BNE provided near-normal protection. As a result, our 
research suggests that aqueous BNE could be a 
promising prophylactic agent against APAP-induced 
spleen and heart toxicity. 
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