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Evaluation of ameliorative effects of Phyllantus
amarus and Senna alata in acetaminophen-
induced toxicity in rats

Abstract

Back ground: Liver and kidney are basic organs in the body because they perform vital
functions in the system, the preventing of injury to them is necessary as well as the
management of injury on them is vital. P. amarus and S.alata were plants that had been used
to protect the liver and traditionalist used them in management of jaundice but there was no
study to evaluate their ameliorative effects on liver and kidney damage and to comparatively
identify the one that has more efficacy in managing the organs.

Study Design: Experimental Design

Place and Duration of Study: Department of Pharmacology and Toxicology, National
institute of Pharmaceutical Research and Development, Idu, Abuja, between February to April
2023.

Methods: The hydroethanolic (70%) extract of both plants were obtained by maceration.
Experimental animals were divided in to 9 groups, group | were given distilled water, group Il
were given Sylimarin and group Il were given acetaminophen only, group IV-VI were given
ACP (850mg/kg) before PAM 100mg/kg, 300mg/kg,and 900mg/kg respectively while group
VII-IX were given ACP before SA at same three doses for 14 days. Acetaminophen
(850mg/kg) was administered a day after fasting before the extract(s); Gross weighing of the
organs was done, sample for biochemical analysis and organs for histopathological
evaluation were collected.

Results: P. amarus at all the doses demonstrated ameliorative effects, reducing the weight
of the liver at 300mg/kg and 900mg/kg (P<.01), decreased significantly (P=.0001) the
elevated level of all the parameters (ALP,AST,ALT,BUN,T.BIL) with no visible lesion in the
histopicture of the organs. S alata significantly decreased (P=.0001) the biochemical

parameters at 300mg/kg

Conclusion: The result of this study showed that both plants have ameliorative effects but
P. amarus has more ameliorative potentials.
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1. INTRODUCTION

The liver is a vertebrate organ that purifies different metabolites, generates proteins, and
creates biochemicals required for digestion [1]. It is engaged in carbohydrate digestion; it
generates and accumulates glycogen via glycogenesis; and it is in charge of protein
metabolism, including production and breakdown [2]. The liver additionally plays an important
role in lipid metabolism, as it produces cholesterol, lipogenesis, and triglycerides [3]. It is
essential for digestion because it creates and excretes bile (a yellowish liquid) that is needed
for emulsifying fats and aiding in the absorption of vitamin K from the food. The liver is in
charge of insulin and other hormone breakdown [4]. In a process known as drug metabolism,
it is crucial for eliminating or altering harmful compounds (such as methylation) and the
majority of pharmaceuticals, which occasionally causes toxication when the metabolite is
more harmful than its precursor and caused drug-induced hepatotoxicity [5].

Acetaminophen is used as analgesic/antipyretic, it is associated with drug-induced liver injury
(DILI) at an overdose [6,7]. Approximately half of all occurrences of acute liver failure today in
the United States and Great Britain are caused by acetaminophen toxicity which can lead to a
fatal hepatic centrilobular necrosis. Cytochrome P450 enzymes biologically activate it,
resulting in the reactive metabolite N-acetyl-p-benzoquinone imine (NAPQI), that liver
damage is caused by low levels of glutathione (GSH), which can be prevented by
replenishing the substance [8,9].



The herb Phyllanthus amarus, which is also known as stone breaker, is a member of the
Euphorbiaceae family, and it is widespread in central and southern India [10]. For more than
2000 years, ayurveda medicine has utilized this plant to treat secondary hepatitis and other
illnesses [9]. It has been applied topically as a poultice for skin ulcers, lesions, swelling, and
itching [11]. It has also been used for the treatment jaundice, gonorrhea, frequent
menstruation, and diabetes.

Senna alata, referred to as Gelenggang, is a significant Fabaceae flowering tree that is used

for both ornamental and therapeutic purposes. It is an annual and, sometimes, biennial herb

that grows in tropical regions with warm, humid climates, such as Southeast Asia and Africa

[12]. According to studies by Dahie et al. [13] and Uwazie et al. [14], the pharmacological

actions of Senna alata include antibacterial, cytotoxic, anti-inflammatory, anti-malaria,

antifungal, hepatoprotective effects, antiseptic, and antiviral properties.

There is a need to evaluate the efficacy of both plants in the management/amelioration of
liver and kidney damage caused by accidental acetaminophen ingestion at overdose or

acetaminophen toxicity in order to determine which is preferable. The majority of research

has focused on the protective effects of the plants on either the liver or the kidney.

2. MATERIAL AND METHOD

2.1 Plant material

About 3000g of the whole plant of P. amarus was collected from the medicinal plant
department of NIPRD. The leaves of P. amarus was protected from heat and direct sunlight
for about 4 weeks. The dried leaves and stems were homogenized to fine powder using
Laboratory Hammer mill (Zhen Chang Equipment SFS P66), 200g of the powder was
macerated in hydroethanolic solution (70%) at room temperature, for 72h with occasional
shaking. After maceration, the material was filtered and the solvent was eliminated in a
rotatory evaporator to obtained dried extract of P. amarus.

2.2 Pilot Toxicity Study

Acute toxicity study was done using 2000mg/kg body weight the extract. The animals were
observed for changes in behavior and mortality for 24 hours and a week.
2.3 Experimental Animals and their care

A total of 45 rats of both sexes weighing 90-220g were purchased and kept in Experimental
Animal Unit of the Department of Pharmacology and Toxicology, NIPRD where the study was
also carried out. The animals were handled in accordance with international principles guiding
the Use and Handling of experimental animals after an ethical approval was obtained with
number NIPRD/05:03:05-41. The rats were be maintained on standard rat feed (Vital Feeds
from Grand Cereals Limited, Jos Nigeria) The rats were maintained at an ambient
temperature between 28-30%, humidity of 55+5%, and standard (natural) photoperiod of
approximately 12 hours of lighting (06:30 hours — 18:30 hours) alternating with approximately
12 hours of darkness (18:30 hours — 06:30 hours)

2.4 Acetaminophen induced toxicity in animals

The animals were grouped in to 9 of 5 animals each;

Group 1 received acetaminophen for the first two days, Group 2 which served as normal
control received distilled water orally for 14 days, Group 3 received acetaminophen (850
mg/kg) on day 1 and 2 before Sylimarin (100mg/kg) till day 14, group 4 animals received
acetaminophen (850 mg/kg)on day 1 and 2 before PA (100mg/kg) till day 14, group 5
received acetaminophen (850 mg/kg) on day 1 and 2 before PA (300mg/kg) till day 14, group
6 received acetaminophen (850mg/kg) on day 1 and 2 before PA (900mg/kg) till day 14; the
same dose for S.alata for group 7-9

2.5 Biochemical Analysis

After each experiment animals were anaesthesized with diethyl ether and blood samples
were collected from retro-orbital vein into plain bottles for the determination of biochemical
parameters such as Alkaline phosphatase (ALP), Aspartate transaminase (AST), Alanine
transaminase (ALT), Blood urea (BUN), Creatinine (CRT), Total bilirubin (T. Bil), Direct
bilirubin (D.Bil), uric acid (UA) and Total protein (T.PRO). Well-labeled plain bottles were used
to collect 10 mL of blood sample, which was allowed to clot for 4 hours before centrifuging
using Uniscope Laboratory Centrifuge (Model SM 112, Surgifriend Medicals, England) at
2000 revolution per minute for 20minutes to separate the sera from clotted blood cells. Each
serum was carefully separated in the plain bottles that were well label accordingly at room



temperature of 23-26°C. The activities of AST, ALP and ALT were estimated as described by
Reitman and Frankel (1957). The activities of T. Bil were determined by colorimetric method
using a kit supplied by Randox test kit (UK). The blood urea was determined using urease-
Berthelot (enzymatic) colorimetric method and serum total protein was evaluated based on
the Gornall et al (1949) method; Uric acid and creatinine were also investigated using
standard procedures.

2.6 Gross and histopathology

The organs were identified (kidney and liver), sectioned and rinsed in normal saline. The
tissue was be fixed in 10% formal-saline, dehydrated with 100% ethanol solution and
embedded in paraffin and sectioned at 5um, stained using H&E method, cleared in xylene
and mounted in a mountant as was described by Akanbi & Taiwo in 2014, using the
magnification of 400x.

2.7 Data analysis

The results were expressed as meant standard error of mean (SEM) of 5 animals. One way
analysis of variance (ANOVA) was used to compare the means between groups. It was
followed by Dunnet test using GraphPad Prism software. P<0.05 was considered statistically
significant.

3.0 Results

3.1 Biochemical Analysis of both extracts

3.1.1 Ameliorative effects of P. amarus and S.alata (100mg/kg)

The 100mg/kg of P. amarus significantly decreased (P> .0001) ALP, D.BIL, Urea, and CRT;
with reduction (P=.0564) in T.Bil, (P= .50) in ALT, AST and uric acid but no significant
difference in T.Pro when compared with the acetaminophen group. While S. alata at

100mg/kg decreased significantly (P> .0001) ALP but no significant difference in T.Pro, ALT

and Uric acid when compared with the toxic group as shown in Fig 1
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Fig.1. Effects of the extracts at 100mg/kg on the biochemical parameters
3.1.2 Ameliorative effect of P. amarus and S.alata 300mg/kg

In the 300mg/kg group, P. amarus significantly reduced (P= .0001) AST, ALT, ALP, BUN,

CRT, T. Bil, and D.Bil; but there is no significant difference in T.Pro, and Uric acid when



compared with acetaminophen. S. alata also reduced (P= .001) significantly all the
parameters except T.Pro, T.Bil, Urea and Uric acid when compared with the toxic group as

demonstrated in Fig 2.
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Fig. 2. Effect of the extracts at 300mg/kg on the biochemical parameters

3.1.3 Ameliorative effect of P. amarus and S.alata (900mg/kg)

The extract of P.amarus and S. alata at 900mg/kg showed significant reduction (P=0.0001) in
ALP , CRT, Urea, and D. Bil with no significant difference (P=0.9000) in AST, ALT, T.Bil,Uric

acid and T.Pro as shown in Fig 3.
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Fig.3. Effect of the extracts at 900mg/kg on the biochemical parameters

3.2 Gross weighing of the organs

The P. amarus at 300mg/kg and 900mg/kg showed significant reduction (P<0.01) in the

weight of liver while others showed no significant reduction when compared with

acetaminophen group. There was no significant reduction in the weight of the kidney all the

groups when compared with the toxic group as demonstrated in Fig 4.
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Fig. 4. Weight of the organ relative to body weight at 100mg/kg, 300mg/kg and 90mg/kg of

both extracts.



Histopathological Analysis




Plate 1. Histopathological Analysis

a. UNC Liver- There is no observable lesion. HE x400

b. UNC Kidney- There is no observable lesion. HE x400

c. ACP Liver- There is periportal hepatocellular degeneration and necrosis (arrows). HE
x400

d. ACP Kidney-There is attenuation of tubular epithelium and luminal ectasia (arrows). HE
x400

e. SA1OOMG/KG-Liver-There is centrilobular hepatocellular degeneration and necrosis. HE
x400

f.  SA100mg/kg Kidney- There is attenuation of tubular epithelium and luminal ectasia
(arrows). HE x400

g. SA 300mg/kg Liver- There is no observable lesion. HE x400



SA 300mg/kg Kidney- There is no observable lesion. HE x400

SA 900mg/kg Liver- There is no observable lesion. HE x400

SA 900mg/kg Kidney- There is atrophy of tubular epithelium. HE x400
PAM 100mg/kg Liver- There is no observable lesion. HE 400

PAM 100mg/kg Kidney- There is no observable lesion. HE 400

PAM 300mg/kg Liver- There is no observable lesion. HE x400

PAM 300mg/kg Kidney- There is no observable lesion. HE x400

PAM 900mg/kg Liver- There is moderate Kupffer cell hyperplasia. HE x400
PAM 900mg/kg Kidney- There is no observable lesion. HE x400

ToS3ITXRTTT

Discussion

The liver is a beneficial organ that typically guards against xenobiotic chemical damage to
individuals [17]. Because the liver frequently serves as the site of metabolism and is where
some chemicals concentrate and get bioactivated, it is vulnerable to damage from chemical
compounds [18]. The liver is involved in many other crucial physiological functions, including
nutrient homeostasis, glucose regulation, cholesterol synthesis and uptake, and synthesis of
clotting factors [1]. Though its capacity for repair and regeneration makes the liver a quite
efficient organ, liver damage may progress to its failure and death if the ability to regenerate is
insufficient or if injury to the liver is very severe [18].

Acetaminophen is regarded as safe at therapeutic levels, but at greater quantities, it can
cause a deadly centrilobular liver necrosis [7]. The mechanism is a result of a complicated
chain of events involving its metabolism by CYP to a reactive metabolite that depletes
glutathione and binds covalently to proteins; the loss of glutathione causes an increase in the
formation of reactive oxygen and nitrogen species in hepatocytes and subsequent necrotic
changes [19]; Increasing oxidative stress, abnormalities in calcium homeostasis, and the
onset of signal transduction reactions that result in the switch of mitochondrial permeability
[20]; This increase in oxidative stress, loss of mitochondrial membrane potential, and
reduction in the ability of the mitochondria to produce ATP all contribute to the change in
mitochondrial permeability [21]; It now results in necrosis. This mechanism is linked to
inflammatory mediators, such as certain cytokines and chemokines that can alter the toxicity
[22].

It has been determined that the presence of cytochrome P-450 mixed function oxidase
isoenzymes contributes to the pathogenesis of renal damage in acetaminophen poisoning
[22], despite the fact that additional processes, such as the function of the enzymes
prostaglandin synthase and N-deacetylase, have been discovered [24]. Kidney damage can
result from the system's loss of gluthatione caused by liver damage led on by acetaminophen
poisoning [23]

Phyllantus amarus and Senna alata were able to reduce the level of elevated biochemical
parameters due to acetaminophen toxicity and restore the anatomical structure of the liver
and kidney especially at 300mg/kg. P. amarus was able to effectively ameliorates both organs
even at lower doses 100mg/kg and the kidney at 900mg/kg. It was able to reduce the
inflamed liver to reverse to normal. The S. alata at 100mg/kg and 900mg/kg could not
effectively decrease the level of the biomarkers as that of P. amarus.

In earlier research, phytochemical examination of an ethanol extract of S. alata indicated the
existence of significant secondary metabolites that are mostly responsible for its therapeutic
potentials, these include tannins, steroids, alkaloids, anthraquinones, terpenes,
carbohydrates, and saponins [25] while a different investigation found additional mild amounts
of cardiac glycosides, phylobatanin, and flavonoids [26]; From the leaf and root bark, the
methanol extract was found to contain alkaloid, saponin, flavonoid, tannin, and phenol,
respectively [27]. These phytochemicals in the plant extracts were able to inhibit the depletion
of gluthatione in the liver thereby preventing the release of reactive species that led to
oxidative stress and increase in mitochondrial permeability; they therefore ameliorated the



damage induced by acetaminophen and alter the release of inflammatory factors thus
managing inflammation of the organs.

P. amarus contains the active phytochemicals flavonoids, alkaloids, terpenoids, lignans,
polyphenols, tannins, coumarins and saponins [28] as well as cyanogenic glycosides and
oxalates [29]. These secondary metabolites have antioxidants that are efficient at removing
free radicals from the body, lowering oxidative stress on organs, and mitigating the negative
effects of substances like acetaminophen on the liver and kidney even at lower dose.
Additionally, they have antimicrobial functions [28] that help in the healing process and
preventing secondary bacterial infections. This may therefore be responsible for the
ameliorative activities of the plant ethanol extract in this study.

Conclusion

This study showed that both plants have ameliorative potentials in acetaminophen induced
toxicity on the liver and kidney at 300mg/kg. P. amarus has ameliorative potentials on the
kidney at all the doses thus it is preferred and can therefore be considered in drug
development for the management of liver and kidney injury.
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