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Abstract

Background
It’s overwhelmingly accounted that there is high prevalence of high salt diet related adiposity and
metabolic antioxidant infringement worldwide. The present study thus aimed to establish the folkloric
use of Phyllantus amarus by traditional practitioners and compliment orthodox medicine in the
management of high salt diet driven adiposity and vehemently associated with pro-oxidant cascades.
The principal focus was to fractionate, evaluate the lethal dose of terpenoid rich concentrate of the
Phyllanthus amarus (Schum and Thonn) whole plant using up and down method and investigate the in
vivo antioxidant potential and antiobesity of the rich concentrate in healthy adult male Sprague-Dawley
rats fed with 8% high salt diet for 8weeks.

Results
The results of the study revealed that there was a signi�cant (p < 0.05) weight gained (54.50%) in the
experimental group fed with a high salt diet when compared with rats fed with normal chow (51.19%).
However, rats co-administered with High salt diet (8%) and terpenoid rich fraction (TRF) of the whole
plant (75, 100, 150mg/kg/body weight), had a signi�cant weight recuperation in dose-dependent manner
(50.86%, 48.13%, 43.25%) in comparism to groups fed with normal rat chow (51.19%), with corresponding
signi�cant (p < 0.05) and dose-dependent decrease in the concentration of oxidative marker product
malondialdehyde (MDA) (9.38 ± 0.22, 7.92 ± 0.11, 6.03 ± 0.18) and dose-dependent metabolic
improvement of both the non-enzymatic reduced Glutathione (GSH) (40.15 ± 0.04, 46.21 ± 0.01, 51.22 ± 
0.03) and enzymatic catalase (25.22 ± 0.01, 30.31 ± 0.05, 38.52 ± 0.03) activities.

Conclusion
Therefore, the terpenoid rich fraction of Phyllanthus amarus (Schum and Thonn) whole plant could
therefore be applied as a recuperative agent against obesity and prooxidant proliferation in high salt diet
related pathologies.

Background
The human body is in continuous engagement preventing excess pro-oxidants, although bene�cial to
basic metabolism such as phagocytosis to a certain decree [1] and interested researchers have
accounted that uncontrolled radical storming usually leads to pathological changes associated with
aging [2]. Moreover, the pathological aetiologies as accounted have also been generally linked to
gluttonous acts for ready-made meals, usually preserved or �avoured with high salt, which eventually
leading to obesity [3]. The recommendation of table salt intake, majorly 40:60 by composition of
Sodium/Chloride (Na/Cl), in the management of obesity and oxidative derailments [4] had received much
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attention over the past years [5]. It has been established that high salt diet intake is the major cause of
obesity, stroke [6], an elevated number of circulating leukocytes and oxidative stress [7], nephrotoxicity
and other health complicated morbidities [8]. Although, oxidative status plays a critical role in the
maintenance of homeostasis and immune responses [9], however, uncontrolled proliferation of pro-
oxidants, pathologically impairs intracellular integrity, resulting in cardiovascular disorders such as
atherosclerosis and myocardial infarction [10]. Moreover, non-enzymatic glutathione depletion induced by
high salt infringement in animal models has been accounted and correlatively linked to severe other
morbidities such as hypertension and cardiac arrest [11].

Withal supplementation with three major classes of phytochemical antioxidants viz-a-viz terpenoids,
phenolics, and alkaloids, have been reported to ameliorate some metabolic lesion, reduce blood pressure
(BP) [12] and provide protection against oxidative cardiovascular injury [13]. Several studies have also
reported that the levels of some non-enzymatic and enzymatic scavengers such as vitamin E and
superoxide dismutase, respectively, were downcasted in salt-induced hypertensive patients [14]. However,
a range of antioxidant defences from galenicals, have evolved to detoxify reactive oxygen species, a
major one of which is the reduced glutathione, potentiating as radicals’ scavengers [15][16]).

Naturally, the antioxidant mechanism occurring in the human body has the potential in the maintenance
of homeostasis, regulation of the prooxidant cascade and leptin hormone related obesity [6].
Nonetheless, exposure to a high salt diet in�ltrated the production of excessive reactive oxygen species
and its by-products, which are sometimes used as bioindicators/markers[17]. The possibility of terpenoid
but exogenous phytoconstituent from easily available medicinal plants, perhaps acting also as free
radical scavengers, quenchers of singlet oxygen, reducing agents and in ameliorating the high salt diet
predisposed obesity is thus paramount in this study.

Terpene is a class of secondary metabolites which consists of �ve carbon isoprene per unit (C5H8) and
can be bonded into a complex form. The simplest example is myrcene or monoterpene. Terpenoids, a
derivative of terpenes, are divided into monoterpenes, diterpenes, triterpenes, sesquiterpenes, and
sesquiterpenes depending on the number of isoprene carbon units. Most of the terpenoids are
biologically active against many diseases and commonly used as anticancer drugs, such as Taxol, while
others are used as �avorants and nice fragrances [18]. Its potency is usually exhibited by the ability of the
isoprene double bond [19], to actively scavenge the unstable macromolecules and shortchanged bonded
metabolic radicals [21, 22].

Phyllantus amarus (Schum & Thonn), (Fig. 1) a tropical annual but bitter herbal shrub [20], belonging to
the Euphorbiaceae family. It’s commonly known as Stonebreaker by the English speaking folk, Eyin Olobe
by the Yoruba tribe and comprising of more than 600 species, of which are P. accuminatus, P. amarus, P.
pulcher, P. niruroides, P. anisolobus, P. orbiculatus, P. emblica, P. �exuosus, P. raticulatus, P. fraternes, P.
simplex, P. mullernus, P. urinaria, P. virgatus, P. niruri and P. watsonii [21]].
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Phyllanthus amarus (Schum & Thonn) is one of the important and acceptable medicinal plants, long
world widely utilized in ethnomedicine. Its medicinal usage as antidiabetic and hypocholesterolemic [22],
antioxidant, anti-cancer [23], anti-in�ammatory [24], antihypertensive (28 and 29), and antimicrobial [25]
had all been established. Others are hepatic and renal protective potentials in which the natural remedy is
usually in the form of an infusion or decoction of the whole plant or its aerial parts [8]. This study thus
evaluated the e�cacious potential of the terpenoid rich fraction (TRF) of Phyllanthus amarus
(Schum.and Thonn) whole plant in high salt diet-related oxidative stress and adiposity, which is non-
existent in the literature.

Methods
2.1 Ethics approval and consent to participate

The protocol of the study was approved by the university, Department of Biochemistry review board and
ethical committee, without a reference number having conformed to the International guidelines of the
National Institute of Health (NIH), (publication 85-23, 1985), for laboratory animal ethics. 

2.2 Plant preparation

The harvested Phyllantus amarus (Schum. & Thonn) plant was watched thoroughly with clean water and
air-dried at room temperature for 5weeks until a constant weight was attained, during the dry climate. It
was then pulverized by rupturing the cytoplasmic cells using an industrial �ne grinding machine to a
particle size of 0.4mm or lesser, according to the method of [26] and [27] with slight moderation. The �nal
powdered sample was kept in an air-tight amber bottle, refrigerated for future fractionation.

2.3 Plant extraction

2.3.1 Preparation of Terpenoid Rich-Fractions (TRF)

The fraction was prepared using organic extractants [28], according to the combined methods described
by [29]; [30]; [31]; and [32] with little modi�cation as depicted in �gure 2, targeting terpenoid
phytoconstituents. 

2.3.2 Qualitative test for Terpenoids 

The terpenoid rich fraction (1ml) was added to 0.5ml of chloroform in a test tube, followed by a few
drops of concentrated sulphuric acid. The formation of glowing reddish-brown precipitate was observed
indicating the high presence of terpenoid [33]. 

2.3.3 Acute lethal toxicity (LD50)

In this study, the acute lethal toxicity (LD50) of the terpenoid concentrates was determined using up and
down techniques as described by Bruce (1985) and Enegide (2013) with little modi�cation and also
conforming to the guidelines of OECD.
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2.4 Laboratory animals

The experiment was performed using healthy adult male Sprague-Dawley rats (n=30), weighing between
150-180g, purchased from the Central Animal House, Department of Biochemistry, and housed in the
primate colony of the Animal house. They were kept in wire mesh cages under a controlled light cycle
(12h light/12h dark) at room temperature, fed with commercial normal rat chow (Funsab Enterprises,
Agro and Livestock Raw materials Merchant, Lagos, Nigeria), ad libitum, liberally supplied with water, and
acclimatized for 2weeks before the commencement of the treatment. 

2.5 Animal grouping and Experimental design

The animals (n=30) were divided into �ve groups of six per set after 2-week acclimatization period, orally
administered, and treated as follows early in the morning for 8 weeks [34].

Group 1: Rats on Normal chow diet

Group 2: Rats fed with high salt diet

Group 3: HSD+75mg/kg/body weight of terpenoid rich fraction

Group 4: HSD+100mg/kg/ body weight of terpenoid rich fraction

Group5: HSD+150mg/kg/ body weight of terpenoid rich fraction

The ameliorative potential of the concentrates was afterward investigated on weight and serum
antioxidant status in cognizance of various biomarkers viz-a-viz MDA, GSH, Catalase, and SOD, by using
standard biochemical evaluation [35]. 

2.6 Feed composition

The normal rat chow and high salt feed were bought from Funsab Enterprises, Agro, and Livestock Raw
materials Merchant, Lagos, Nigeria. Below are the compositions by percentage as shown in Table 1 and
2.

2.7 Animal Sacri�cing and Dissection

After an overnight fast post-last administration, the animals were anesthetized with chloroform vapor in a
covered container for about 1minute, sacri�ced through an abdominal incision, and blood collected using
5ml syringes, via cardiac puncture into an ethylenediaminetetraacetic acid (EDTA) and serum bottles.
With the latter standing for about 45minutes, centrifuged at 3000rpm for 15minutes at room
temperature [36], the serum obtained was decanted and immediately assayed. 

2.8 Estimation of Oxidative stress and antioxidant defense system

Assay for Malondialdehyde (MDA) concentration



Page 6/20

This was estimated as described by [37], to quantify lipid peroxidation via the �nal product of MDA and
Thiobarbituric acid (TBA), which gave a pink-colored complex that was detected spectrophotometrically
at 532-535nm, indicating the extent of lipid peroxidation and quanti�cation of MDA.

Reduced Glutathione (GSH) concentration determination

The reduced glutathione (GSH) content of the serum sample, an isoenzyme/non-protein sulphurhydryls,
was estimated according to the method described by [38]. To the test sample, 10% TCA was added,
centrifuged. Then 1.0 ml of serum supernatant was treated with 0.5 mL of Ellmans reagent (19.8 mg of 5,
5-dithiobisnitro benzoic acid (DTNB) in 100 mL of 0.1% sodium nitrate) and 3.0 mL of 0.2M phosphate
buffer (pH 8.0). The absorbance of yellowish colour developed was read at 412 nm which connotes the
concentration of reduced glutathione in the test sample.

Catalase (CAT) activity determination

The activity of catalase in the serum was estimated as described by [39] using a spectrophotometric kit,
counting hydrogen peroxide as its main by-product. 

Superoxide dismutase (SOD) activity determination

The activity was determined by its ability to inhibit the auto-oxidation of epinephrine as described by Sun
& Zigman, 1978. 

2.9 Statistical Analysis

The data were cross-examined using one-way analysis of variance (ANOVA) followed by Newman-Keuls
Multiple Comparison Test. The signi�cance level was set at p < 0.05 (n=6) and the Statistical
Analysis/graphing was performed using Graph Pad Prism (ver.5.0a), expressed as Mean ± Standard
deviation.

Results
In the preliminary study, the acute lethal toxicity (LD50) was determined using up and down techniques
as described by [41] and [42] with little modi�cation, and was established to be more than
5000mg/kg/body weight. The result as shown in �gure 3 further revealed a signi�cant weight gain in rats
fed with high salt diet by 54.50% (p < 0.05) when compared with the animals on normal rat chow
(51.19%) after 8weeks. The observed pathological weight gain (p < 0.05) is in agreement with the report
of Dobrian et al., 2003, in which a proclamation of an increase in the size of adipocytes with a
concomitant twofold increase in loss of leptin hormone responsiveness, and corresponding anabolism of
fatty molecules via activated endoplasmic reticulum stress and phospholipase 2 [44] in salt-sensitive
animal model, were reported as the metabolic etiologies. However, group orally co-treated with 75, 100
and 150mg/kg/body weight of terpenoid-rich fraction exhibited dose dependent weight recuperation
potential comparatively to the control group (51.19%). The TRF thus contains phytoconstituents that
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ameliorate obesity as also consistent with the report of by Sharma T & Ss, (2018). The possible e�cacy
of the TRF of Phyllanthus amarus (Schum and Thonn) whole plant, as antiobesity in this study at various
doses (75, 100, 150mg/kg/bwt), also agrees with the report of James et al., (2009) who also reported on
the antiobesity of aqueous extract of the same plant. 

 Metabolic lesions driven by peroxidation of metabolic macro-molecules have been implicated in the
etiopathogenesis of high salt diet related human cardiovascular diseases, eventually degrading the
antioxidant integrity and thus proliferating radical cascade in high salt diet assaulted animal studies [47].
Moreover, the activities of enzymatic antioxidants viz-a-viz; SOD, CAT, and non-enzymatic antioxidant
GSH had also been accounted to be compromised in another high salt related study by Juan et al. (2007).
Table 3 thus revealed a signi�cant (p< 0.05) increase in the level of MDA (5.42± 0.05 vs 10.81 ± 0.05) and
a corresponding signi�cant (p< 0.05) decrease in the activities of GSH (62.16± 0.11 vs 41.25 ± 0.41),
Catalase (56.50± 0.56 vs 22.13 ± 0.33) and SOD (0.05± 0.03 vs 0.01 ± 0.00) in groups fed with high salt
diet compared to rats fed normal rat chow. The correlativity as established was in concurrence with that
of Meng et al., 2003, who reported that oxidative stress in�uenced by high salt diet, pathologically
augments MDA levels, reduce the antioxidant status, and thus contributes to hypertension with
accompanying renal damage. Recuperatively, TRF revealed the ability (table 3) to signi�cantly and dose-
dependently reduce the concentration of the oxidative marker product MDA (10.81 ± 0.05 vs 6.03 ± 0.18)
to near normal group (5.42 ± 0.05), with concomitant and dose-dependent metabolic improvement of
non-enzymatic GSH and enzymatic catalase activity, without much signi�cant augmentation in the
activity of SOD in rats co-administered TRF and high salt diet. However, the activities of SOD initially
depleted by high salt diet, regain slight stability after various administrations. The observed change is
consistent with the report of Gomaa et al., 2019 who accounted for the ability of terpenoid rich extract of
Elettaria cardamomum to signi�cantly reduce Malondialdehyde (MDA) and augment the antioxidant
status in animal model.

Discussion
James et al., (2009) accounted a signi�cant decrease in the weight of animals administered with
100mg/kg/body weight of the same plant, Phyllanthus amarus (Schum and Thonn), aqueous extract and
the folkloric use of P. amarus as antihypertensive agent has also been noted and reported among
traditional medicine practitioners, managing various diseases in Ogbomosho and its environs, via recent
ethnobotanical survey, by the medicinal plant, biochemistry, and biomedical toxicology unit, Department
of Biochemistry, Faculty of Basic Medical Science, College of Health Science of the university. The study
thus established the safe doses of 75, 100, and 150mg/kg/body weight of terpenoid rich constituents of
the whole plant with a lethal dose more than 5000mg/kg/body weight. The TRF also con�rmed the
folkloric use of the plant in the management of high salt diet-related diseases, most especially by
alleviating adiposity, improving antioxidant status of catalase and Glutathione and eventually
scavenging excessive MDA production. This study though validated the traditional use of Phyllanthus
amarus (Schum &Thonn), however, established the presence of terpenoid phyto-constituents, which could
protect the body against high salt diet-related impairments. Withal, there is a need to isolate, identify,
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characterize, and investigate the pharmacological bases of the terpenoid rich concentrate, responsible for
the activities reported.

More importantly, salt being one of the bio-essential constituents in the human diet and organs
functionality, principally maintaining the electrochemical and homeostatic threshold, was also
established to be deleterious and pathological, manifesting obesity and proliferation of pro-oxidant
inertia, if gluttonised. While Phyllantus amarus (Schum &Thonn) plant extract has been reported to
potentiate some pharmacological activities, which include antihyperglycemic [46],
antihypercholesterolemic [22], antihypertensive [50], and diuretic potential [51], however the study further
established the therapeutic ability of the terpenoid rich phyto-constituents of the plant in ameliorating
high salt diet driven obesity and pro-oxidant cascade, which is non-existent in the literature. Precisely, the
correlational importance of the dose-dependent ability of TRF of the whole plant, to signi�cantly reduce
high salt diet related adiposity, MDA infringement and eventually improve the antioxidant status in high
salt diet-assaulted impairments in animal model, accounted within an acute period of 8weeks were
established. Hence, the medicinal plants being rich in terpenoids may be considered as a therapeutic
agent in phyto-medicine, alternatively complementing orthodox health care delivery in the management
of high salt diet-related human pathologies such as adiposity and pro-oxidant associated degenerative
diseases. 

Withal, possible mode of action and biochemical aetiologies behind this infringement as earlier
accounted are: Overactive calcium in�ux via sodium-calcium exchanger [52]], enhancing adiposity via
activation of phospholipases in response to a high Na/K concentrating pump [53]; [54] and [55], resulting
to kidney derangement in high salt-sensitive animals. Promotion of atherogenesis on the vascular intima
and arterioles, resulting into vasoactive endothelial modulation (Angiotensin-converting enzymes and
Endothelin converting enzyme activation but with inhibition of nitric oxide and hydrogen sulphide) and
eventually compromising antioxidant integrity were also suggested [56] and [47] in another study. While
Lee et al., 2016 postulated reabsorption of Sodium/Chlorine (Na+/Cl−) from the renal convoluted tubule
back to the interstitium and subsequently to the lumen, resulting into hypertension derailed inotropism in
another high salt related study. Nephrotoxicity, endothelial hardening, and pro-oxidant proliferation along
the intima, and arterioles degradation via augmentation of lipid pro�le peroxidation, were also intimated
by Boegehold (2013). Others include, an in�amed endoplasmic reticulum and ribosome in the cytoplasm
of hepatocytes [44], activation of liver enzymes leading to fatty liver [6], decrease in antioxidant kinetics
of catalase (CAT), glutathione along the mitochondrial respiratory chain, and proliferating oxidative
marker product malondialdehyde (MDA) [58]; [59] were also intimated. More so, the integration of
adiposity by a concomitant twofold increase in loss of leptin hormone responses [60], was also
accounted by  [61] and [62]. Notably, the rich terpenoid phytoconstituents from this study might have
recuperated holistically, the mechanisms as highlighted above, though still subject to further research
veri�cation.

Conclusions
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It was established that terpenoid rich fraction of P. amarus whole plant could serve as therapeutic agent
in the management of high salt diet induced pro-oxidant cascade and obesity.

List Of Abbreviations
HTN- Hypertension; WHO- World Health Organization; TRF- Terpenoid rich fraction. SD- Standard
deviation; HSD- High salt diet, OECD: Organization for Economic Co-operation and Development.
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Table 1: High salt diet composition
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Constituents Composition (%)

Corn flour

Wheat offal

Palm kernel cake (PKC)

Soya bean meal

GNC Chad

Bone meal

Limestone

Industrial salt

Lysine

Methionine

Grower premix

Toxin binder

Cibenza enzyme

Vitamin C

Sesame offal

Powder (crushing to powder)

Pelletizing & drying size 4MM

15.00

9.00

8.00

5.00

6.00

0.5

1.50

4.00

0.10

0.10

0.15

0.05

0.02

0.05

8.00

19.00

50.00

 

         Table 2: Normal rat chow composition



Page 17/20

Constituents Composition (%)

Corn flour

Wheat offal

Palm kernel cake (PKC)

Soya bean meal

GNC Chad

Bone meal

Limestone

Industrial salt

Lysine

Methionine

Grower premix

Toxin binder

Cibenza enzyme

Vitamin C

Sesame offal

Powder (crushing to powder)

Pelletizing & drying size 4MM

15.00

9.00

8.00

5.00

6.00

0.5

1.50

0.15

0.10

0.10

0.15

0.05

0.02

0.05

8.00

19.00

50.00

 

Table 3: Effect of graded doses of terpenoid rich fraction (TRF) of Phyllanthus amarus (Schum &Thonn) whole

plant on markers of oxidative stress in rats fed with 8% high salt diet.
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Group  MDA (nmol/ml)  GSH (µmol/l) Catalase (U/mg/ protein) SOD U/mg/

protein)

 

Group1 5.42 ± 0.05 62.16± 0.11 56.50 ± 0.56   0.05±0.03  

Group2 10.81± 0.05* 41.25±0.41* 22.13±0.33*   0.01±0.00  

Group3 9.38 ± 0.22* 40.15±0.04* 25.22±0.01*   0.01±0.03  

Group4 7.92 ± 0.11* 46.21±0.01* 30.31±0.05*   0.02±0.03  

Group5 6.03 ± 0.18 51.22± 0.03* 38.52±0.03*  0.04± 0.02  

Data were expressed with one-way ANOVA using SPSS as mean ± SD (n= 6) and considered statistically

different at p< 0.05. The Data with asterisks were compared with the control group along the same column and

are statistically different using Graph pad prism.

Keys:

MDA- Malondialdehyde, GSH- Reduced glutathione, CAT- Catalase, SOD- Superoxide dismutase.
Group 1- Normal group 

Group 2- High salt diet (HSD) fed group

Group 3- HSD+75mg/kg/bwt of PRE

Group 4- HSD+100mg/kg/bwt of PRE

Group 5- HSD+150mg/kg/bwt of PRE

Figures
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Figure 1

Phyllanthus amarus’ (Schum. & Thonn) picture taken on 29th October, 2019 at 5.20 pm, with voucher no.
0255.

Figure 2
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Schematic diagram for terpenoid rich fraction’s extraction.

Figure 3

Effect of graded doses of terpenoid rich fraction (TRF) of Phyllanthus amarus (Schum &Thonn) whole
plant on the body weight of rats fed with 8% high salt diet.
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