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Abstract
In the present study, we investigated the biochemical alterations and gene expression of carbohydrate and lipid metabolism after oral 

administration of Phyllanthus amarus. The quantitative estimation of total phenols, tannins and flavonoids showed that the extracts are rich in these 
compounds antioxidant potential of the ethanolic extract of the stem leaves of Phyllanthus amarus Schumach. & Thonn. Was evaluated by using 1, 
1-diphenyl-2-picrylhydrazyl (DPPH) scavenging assay. The extract showed significant activities in all antioxidant assays compared to the reference 
antioxidant ascorbic acid in a dose dependent manner. Phyllanthus amarus significantly reduced the blood glucose level starting on the second week. 
Furthermore, the extract of P amarus showed  significant increase in plasma insulin and tissue glycogen contents. The antidyslipidemic effect was 
demonstrated by a significant reduction in plasma total cholesterol (TC), triglycerides (TG), and low density lipoprotein-cholesterol (LDL-C), while 
the cardio-protective lipid, high density lipoprotein-cholesterol (HDL-C), was increased. 

Phyllanthus amarus also modulated the activities of carbohydrate-metabolizing enzymes by significantly increasing the activity of hexokinase and 
pyruvate kinase (p<0.05) and significantly reducing the activity of glucose-6-phosphatase, fructose-1,6-diphosphatase and glycogen phosphorylase 
(p<0.05). Phyllanthus amarus administration up-regulated mrna expression of Glucose Transporter-2 (GLUT-2), and increased lipolysis and 
cholesterol metabolism through up-regulation of lipoprotein lipase (LPL), Sterol Responsible Element Binding Protein-1a (STREBP-1a) expression. 
FAS expression was down regulated. The Phyllanthus amarus induced increase in serum insulin level, glucokinase (GK), aldolase, pyruvate kinase 
(PK), succinate dehydrogenase (SDH), and glycogen synthase activities in addition to a higher expression of insulin receptor A (IRA), GK, SDH.
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Introduction
Plants have been and are still being processed and utilized 

as raw materials for pharmaceutical applications. Many of our 
modern drugs and processed scientific medicines are of plant 
origin [1]. Man has been using herbs for the treatment of many 
diseases. The plant Phyllanthus amarus belongs to the family 
Euphobiaceae and of the genus phyllanthus and the species is 
amarus [1].  

Phyllanthus amarus Schumach. & Thonn is from the branch 
of the Magnoliophyta and the large family of Euphorbiaceae, APG 

2009. Euphorbiaceae is one of the largest plant families in the 
world (326 genus, 7750 species). P. Amarus is used traditionally 
to treat hepatitis [2]. Plants of the genus Phyllanthus are widely 
distributed in most tropical and subtropical countries and are 
generally used in traditional medicine to treat chronic liver 
disease [3]. Still called bitter Phyllanthus (French); Henlenwe 
(fon); Ashasha (yoruba, nagot); Sobaru (bariba); Banna banna 
biriku (dendi) [4], P. Amarus is an erect grass up to 50 cm tall, 
glabrous. The stem and leaves are light green; the flowers and 
fruits are small and hanging at the tips of the twigs. This species 
flowers and then fructifies between March and October. P. Amarus 
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is a pan tropical species found in forest galleries, fallows, and 
roadside. This plant is used as a diuretic, astringent  [5] also in 
the treatment of diabetes [6]. The phytochemical analysis of the 
P. Amarus extract confirmed the presence of tannins, saponins, 
flavonoids and alkaloids. The plant extract contains high levels of 
saponins, tannins, flavonoids and alkaloids [7, 8]. 

Diabetes mellitus is a chronic, hereditary disease characterized 
by an abnormally elevated level of blood glucose (hyperglycemia) 
and by the excretion of the excess of glucose in the urine 
(glycosuria). The basic defect appears to be an absolute or relative 
lack of insulin or decrease in insulin receptors on the membrane 
of the target cells, which lead to abnormalities in carbohydrate 
metabolism as well as in lipid and protein metabolism [9].

Diabetes mellitus, a serious chronic metabolic disorder, is 
identified by hyperglycemia resulting from deficiency in insulin 
secretion and/or decreased reaction of the organs to insulin  [10, 
11].

Diabetes mellitus has been and will probably continue to be 
classified as growth or juvenile onset and maturity or adult onset. 
In both the 1980 and 1985 reports, other classes of diabetes 
included other types [12]. The cause for type 1 diabetes is an 
absolute deficiency of insulin secretion, whereas type 2 diabetes 
is a combination of resistance to insulin action and inadequate 
compensatory insulin secretory response.

The world prevalence of diabetes among adults (aged 20 - 79 
years) was 6.4%, affecting 285 million adults, in 2010, and will 
increase to 7.7%, and 439 million adults by 2030  [13].

Epidemiological studies have suggested that dyslipidaemia 
is a risk factor for diabetic neuropathy [14]. In diabetic subjects 
overproduction of FFA and impaired lipoprotein metabolism 
induces an increase in plasma lipid components [15]. Type 1 
and Type 2 diabetes mellitus are associated with metabolic 
syndrome and a marked increase in the risk of coronary heart 
disease  [16]. Adipose tissue is now recognized as an endocrine 
organ that contributes to the physiopathology of type 2 diabetes. 
Diabetes mellitus has also been associated with an increased 
risk for developing premature atherosclerosis due to an increase 
in triglycerides (TG) and low-density lipoproteins (LDL), and 
decrease in high density lipoprotein levels (HDL) [17].

Abnormalities of lipoprotein metabolism cause various hypo- 
or hyperlipoproteinemias. The most common of these is diabetes 
mellitus, where insulin deficiency causes excessive mobilization 
of FFA and underutilization of chylomicrons and VLDL, leading 
to hypertriacylglycerolemia. Most other pathologic conditions 
affecting lipid transport are due primarily to inherited defects, 
some of which cause hypercholesterolemia, and premature 
atherosclerosis.

Obesity particularly abdominal obesity is a risk factor for 
increased mortality, hypertension, type 2 diabetes mellitus, 
hyperlipidemia, hyperglycemia, and various endocrine 
dysfunctions  [18]. In addition to the established major risk factors, 
atherosclerosis in type 2 diabetes is also related to alterations in 
lipid and lipoprotein profile [19]. Many epidemiological studies 
have demonstrated that type 2 diabetes mellitus is a wellknown 

risk factor for the development of cardiovascular disease, 
cerebrovascular disease, and peripheral vascular diseases [20, 
21].

Many of the drugs currently used in Diabetes mellitus (DM) 
are expensive and side effects are of serious concern [22]. Hence, 
natural products with perceived cost-effectiveness and no long-
term side effects but which elicit better antidiabetic activities 
are highly desired. The health-promoting properties of some 
herbal teas or Chinese herbal medicines reported to be rich in 
antioxidants, particularly phenolics and antioxidant vitamins, 
can exert inhibitory capacities against α-glucosidase and exert 
hypoglycemic effects  [23, 24, 25].

A number of studies have shown that diabetes mellitus 
is associated with oxidative stress, leading to an increased 
production of reactive oxygen species. Antioxidant research 
is an important topic in the medical field as well as in the food 
industry. Recent research with important bioactive compounds 
in many plant and food materials have received much attention. 
The oxidation induced by ROS can result in cell membrane 
disintegration, membrane protein damage and DNA mutation, 
which can further initiate or propagate the development of many 
diseases, such as cancer, liver injury and cardiovascular disease 
[26].. Although the body possesses such defense mechanisms, as 
enzymes and antioxidant nutrients, which arrest the damaging 
properties of ROS [27]., continuous exposure to chemicals and 
contaminants may lead to an increase in the amount of free 
radicals in the body beyond its capacity to control them, and 
cause irreversible oxidative damage [28]. Therefore, antioxidants 
with free radical scavenging activities may have great relevance 
in the prevention and therapeutics of diseases in which oxidants 
or free radicals are implicated [29]. In this respect, polyphenolic 
compounds, like flavonoids and phenolic acids, commonly found 
in plants have been reported to have multiple biological effects, 
including antioxidant activity  [30, 31, 32, 33]. Currently, the 
possible toxicity of synthetic antioxidants has been criticized. 
It is generally assumed that frequent consumption of plant-
derived phytochemicals from vegetables, fruit, tea, and herbs may 
contribute to shift the balance toward an adequate antioxidant 
status [34]. Thus interest in natural antioxidant, especially of 
plant origin, has greatly increased in recent years [35].  

The relationship between Phyllanthus amarus Schumach. 
& Thonn and streptozotocin-induced diabetic rats with regard 
to carbohydrate and lipid metabolism is not fully examined. 
Thus, this study was conducted to test the hypothesis that 
streptozotocin-induced diabetic rats induces  systemic alteration 
in antioxidant activity and lipid profiles may be ameliorated by 
Phyllanthus amarus Schumach. & Thonn. Administration through 
modulating expression of genes responsible for carbohydrate and 
lipid metabolism. 

Materials and Methods
Chemicals

Streptozotocin (STZ) and all other chemicals were obtained 
from Sigma-Aldrich (St. Louis, MO, USA). 2,2-Diphenyl-2-
picrylhydrazyl (DPPH), potassium hexacyanoferrate [K3Fe(CN)6], 
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trichloroacetic acid, gallic acid, ascorbic acid, quercetin, and Fecl3 
were purchased from Sigma Chemical ; Folin-Ciocalteu phenol 
reagent, anhydrous sodium carbonate (Na2CO3), aluminium 
chloride, potassium acetate and solvent methanol were obtained 
from Merck Chemical Supplies (Darmstadt, Germany). All the 
chemicals used, were of analytical grade.

Plant material

The plant material was the ethanolic extract of the leafy stem 
powder of P. Amarus. The stem leaves were harvested at Abomey-
Calavi department of Littoral (Bénin), in July 2016 and identified 
under the number AA 6715/HNB in the national herbarium of 
Benin.

Preparation of ethanolic extract 

Two hundred and fifty grams (250 g) of dry powder of the 
leafy stem of P. Amarus were extracted by maceration with 
ethanol for 72 h stirring. Each extraction is repeated three times. 
Ethanol extract is recovered in each case after filtration using a 
paper filter; ethanol is eliminated from the filtrate by evaporation 
under reduced in a rota-evapour pressure. The obtained extracts 
were stored at 4°C until biological assay.

Phytochemical screening

 Phytochemical screening of the plant was carried out 
according to the methods described by Wagner and Blat 
[36] and Brunet on [37] for the detection of plant secondary 
metabolites. Tanins, alkaloids, steroids, coumarins, saponins, 
naphthoquinones, triterpenes, lignans, pigments, anthracene 
derivatives, triterpenes, lignans, pigments, anthracene derivatives 
have been investigated using tube test. Each extract (10 mg/ml) 
were deposited on TLC plate to confirm the results. Each molecule 
family was then quantified after identification.

Quantification of some bioactive molecules

Total phenolics content

Total phenolics of each extract were estimated by 
Folinciocalteu reagent method [38]. This method is based on the 
reduction in alkaline media of phosphotungstic mixture (WO42-
) phosphomolybdic (moo42-) of Folin reagent by the oxidizable 
group of phenolic compounds, leading to the formation of blue 
reduction products. Latter have a maximum absorption at 765 
nm whose intensity is proportional to the amount of polyphenols 
present in the sample. Then, 200 μl of diluted sample were added 
to 1 ml of 1:10 diluted Folin–Ciocalteu reagent. After 4 min, 800 
μl of saturated sodium carbonate (75 g/l) was added. After 2 h 
of incubation at room temperature, the absorbance at 765 nm 
was measured. The standard calibration curve was plotted using 
gallic acid (y =0,043x – 0,051; R2 = 0,994). The mean of three 
readings was used and the results expressed as mg of Gallic Acid 
Equivalents (GAE)/100 mg of extract.

Total flavonoid content

The determination of flavonoids was performed according 
to the colorimetric assay described previously [39]. To 1 ml of 
extract (100 μg mL-1), 3 ml of methanol, 0.2 ml of 1 M potassium 
acetate, 0.2 ml of 10% aluminium chloride and 5.6 ml of distilled 

water was added and left at room temperature for 30 minutes. 
Absorbance of the mixture was read at 415 nm using UV 
spectrophotometer. Quercetin was used as reference compound 
to produce the standard curve (y = 0,325x – 0,363; R2 = 0,995) 
and the results were expressed as mg of quercetin equivalent 
(QE)/100 mg of extract. 

Condensed tannins: Condensed tannins were estimated 
using the method of author  [40] modified by author [41] 
Vanillin reagent was prepared by mixing equal volume: 8%, 
methanol at 37% and 4% of vanillin in methanol. The mixture 
was maintained at 30° C before the assay. Two hundred (200) μl 
of each extract to be analyzed were added to 1 000 μl of reagent 
of vanillin; the mixture was stirred and incubated in darkness at 
30 °C for 20 min. The absorbance was measured at 500 nm by a 
spectrophotometer UV (Perkin Elmer) against white consisting 
of a mixture of methanol (37%) and HCl (8%) with equal volume.

DPPH radical scavenging activity

 The antioxidant activity was determined according to the 
method previously described [42]. In the presence of antioxidant 
which is typical for DPPH free radical decays, the change in 
absorbency at 517 nm is followed spectrophotometrically. Briefly, 
1.5 ml of a freshly prepared methanolic solution of DPPH (2%) was 
mixed with 0.75 ml of extract solution (1–0.007 mg/ml). After 15 
min of incubation in the dark, at room temperature, absorbencies 
were read at 517 nm against a blank sample consisting of a 1.5 
ml of methanol and 0.75 ml of extract solution. All tests were 
performed in triplicate. DPPH radical inhibition percentage was 
calculated according to the following formula: inhibition (%) 
= [(AB – As)/ AB] x 100 were as is the sample (tested extract 
solution) absorbance and AB is the blank absorbance.

Evaluation of Antihyperglycemic

 It has been done according to the method [43]. Six lots of five 
rats were constituted with a total of thirty (30) rats. All rats were 
beforehand submitted to a non-hydric fast for 16 hours before 
the experiment. Concentrations of 200 mg/Kg and 500 mg/Kg 
of ethanolic extract of the leafy stem powder of P. amarus. were 
administered to the lot 3 and lot 4. Only distilled water with a 
dose of 10 ml/Kg was administered to the control. Lot 1 and lot 2 
received each a dose of 5 ml/Kg of glibenclamid. Administration 
of D-glucose with a dose of 5 g/Kg was done after a half of hour. 
The glycemias were taken with a SD CHECK glucometer in a 
sequential way every 30 minutes from start point corresponding 
to T0 up to 120 minutes corresponding to T 120. Then a final 
measure was done at T180.

Ethical notice

The experimental protocol was approved by the Scientific 
Ethics Committee of the Doctoral School (Life Sciences) of the 
Faculty of Science and Technology (FAST) at the University 
of Abomey Calavi (UAC) under the number (UAC/FAST/
EDSV/1112107). 

Animals and diets

Male Wistar rats, 2–3 months old and weighing 160–250 g, 
aged 9 to 12 w. After 1 week of acclimatization in the Laboratory 
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of Physiopathologie Moléculaire et Toxicologie (Faculty of 
Science and Technology of the University of Abomey-Calavi), five 
lots of five rats were constituted with a total of thirty (30) rats. 
All rats were beforehand submitted to a non-hydric fast for 16 
hours before the experiment. The rats were rendered diabetic by 
intraperitoneal (i.p.) Injection of streptozotocin (40 mg/kg body 
weight) in 0.1 M citrate buffer, ph 4.5. Concentrations of 200 mg/
Kg and 500 mg/Kg of ethanolic extract of Phyllanthus amarus 
Schumach. & Thonn ( eet(OH) P.a )  were administered to the 
lot 3 and lot 4. Only distilled water with a dose of 10 ml/Kg was 
administered to the control. 

The glycemias were taken with a SD CHECK glucometer. 
The extracts were administered in the morning for 21 days. The 
general guidelines for the care and use of laboratory animals, 
recommended by the Doctoral School (Life Sciences) of the Faculty 
of Science and Technology (FAST) at the University of Abomey 
Calavi (UAC) under the number (UAC/FAST/EDSV/1112107), 
were followed and the protocol was approved by the Regional 
Ethical Committee. 

Oral Glucose Tolerance Test (OGTT)

Following three weeks of gavages with plant extracts, the rats 
were fasted overnight during 12 h before ogtt. The glycaemia test 
was performed before gavaging the rats with 3 g/kg of glucose. 
The glycaemia was measured at different times till 120 min (0, 
30, 60, 90 and 120 min).

Biochemical assays

On the last day of study, a complete blood sample was 
collected from the abdominal aorta after deep anesthesia and 
the plasma was isolated by centrifugation at 2500 rpm for 5 
min at 4°C. Blood glucose levels were measured by the glucose-
oxidase method using an Accu-chek blood glucose meter. Total 
cholesterol (TC), Triglyceride (TG), high-density lipoprotein 
(HDL)-cholesterol levels were measured in serum samples by 
using enzymatic method kits (Roche Diagnostics). The lipoprotein 
cholesterol sub-fractions in the serum, HDL, LDL, VLDL were 
estimated by precipitation with sodium phosphotungstate-
magnesium chloride and sodium dodecyle sulphate reagents. 
The determination of insulin was performed in samples that were 
stored at -80°C. Serum insulin was determined using an ELISA 
kit (LINCO Research Inc, St. Charles, MO, USA), according to the 
manufacturer’s instructions. 

The fasting serum glucose measured by using commercially 
available kits (Agappe Diagnostics, Ernakulam, India). Activity of 
glycolytic enzymes was assayed: hexokinase was estimated by the 
method of Crane and Sols [44]; pyruvate kinase was estimated 
by the method of Bucher and Pfleiderer [45]. Hepatic glycogen 
content was estimated by the method of Carroll et al. [46]. 
Gluconeogenic enzyme activities in the liver were assayed using 
the following procedures: glucose-6-phosphatase was estimated 
by the method described by Koide and Oda [47], fructose-1,6-
diphosphatase was estimated by the method of Pontremoli  [48], 
and the activity of glycogen phosphorylase was assayed by the 
procedure described by Singh et al. [49]. 

Other parts from the liver tissues were also frozen in on liquid 
nitrogen used for molecular analysis. One gram of each liver tissue 
samples were homogenized in 9 ml of the homogenizing buffer at 
ph 7.4 for preparation of tissue homogenate.13 This homogenate 
was used to assay the activities of the hepatic enzymes. The 
hepatic glucokinase (GK) activity was determined by measuring 
the glucose-6-phosphate (G6P) formed by GK by formation of 
nicotinamide-adenine dinucleotide phosphate in the presence 
of glucose-6-phosphate dehydrogenase enzyme. The activity of 
succinate dehydrogenase (SDH) was measured by monitoring 
the reduction of 2, 6-dichlorophenolindophenol at 600 nm.14 
Hepatic aldolase activity was assayed by spectrophotometry at 
340 nm using Aldolase Activity Colorimetric Assay kit (Biovision, 
Cat. No. K665-100, Milpitas, CA, USA), where one unit of aldolase 
activity is defined as the amount of enzyme that produced one 
μmol of NADH per minute at 25°C.15 Hepatic pyruvate kinase 
(PK) activity was determined in the liver homogenate with 50 
mm glycylglycine, 15 mm ethylene diamine tetraacetic acid 
(EDTA), and 5 mm potassium phosphate. The total PK activity 
was determined in the supernatants as described.16 Glycogen 
synthase (GS) activity was measured in homogenates in the 
presence of 6.6 mm G6P, and the enzyme activity was expressed 
as mu/mg protein.17 Hepatic glycogen content was determined 
as previously described.

Hepatic homogenate protein concentration was measured 
using a Bio-Rad assay reagent. Total RNA was extracted from 
the liver tissues using rneasy mini kit (Cat. No. 74104, Qiagen, 
China) following the manufacturer instructions. The amount of 
extracted RNA was quantified and qualified using nanodrop ND-
1000 Spectrophotometer (nanodrop Technologies, Wilmington, 
Delaware, USA). The purity of RNA was checked and it ranged 
between 1.8 and 2.1 demonstrating the high quality of the RNA. 
First strand cdna was produced using a specific kit that was 
supplied by Fermentas (Pittsburgh, PA, USA).

The polymerase chain reaction (PCR) was carried out by 
(2×) PCR Master Mix (Fermentas Inc., Pittsburgh, PA, USA). A 
2720 thermocycler (Applied Biosystems, Foster City, CA, USA) 
was used in performing the PCR reactions. We used 10 pmol/
μl of each forward and reverse primer for the measured genes. 
The housekeeping gene β-actin was used as a constitutive control 
for normalization.. All primers were provided by Sigma Aldrich 
(Chemie gmbh, Steinheim, Germany) as shown in (Table 1). 
Amplified PCR products were analyzed on a 1.5% agarose gel 
stained with ethidium bromide in 1x Tris acetate EDTA buffer 
(TAE) (ph: 8.3-8.5). The electrophoretic picture wasvisualized 
and analyzed by gel documentation system (Bio Doc Analyze, 
Biometra, Göttingen, Germany).

Statistical Analysis

The statistical analysis of the data was carried out in Predictive 
Analytics SoftWare Statistics for Windows version 18 (IBM SPSS 
Statistics, Endicott, New York, USA). One-way analysis of variance 
was used to determine the statistical differences between groups 
followed by Duncan’s multiple range test to analyze the inter-
grouping homogeneity. Data were presented as mean ± standard 
deviation. P<0.05 was considered statistically significant. [23]
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Table 1: PCR conditions for genes of carbohydrate and lipid metabolism

mRNA expression Forward primer Reverse primer

PK (229 bp) 5ʹ-ATTGCTGTGACTGGATCTGC-3ʹ 5ʹ-CCCGCATGATGTTGGTATAG-3ʹ

PEPCK (236 bp) 5ʹ-TTTACTGGGAAGGCATCGAT-3ʹ 5ʹ-TCGTAGACAAGGGGGCAC-3ʹ

GLUT-2 (330 bp) 5ʹ-AAGGATCAAAGCCATGTTGG-3ʹ 5ʹ-GGAGACCTTCTGCTCAGTGG-3ʹ

SDH (249 bp) 5’-TGGCTTTCACTTCTCTGTTGG-3’ 5’-ATCTCCAGTTGTCCTCTT CCA-3’

FAS (345 bp) 5ʹ- CCAGAGCCCAGACAGAGAAG-3ʹ 5ʹ-GACGCCAGTGTTCGTTCC-3ʹ

LPL (269 bp ) 5ʹ-CCTGATGACGCTGATTTTGT-3ʹ 5ʹ-TATGCTTTGCTGGGGTTTTC-3ʹ

STREBP -1a (290 bp ) 5ʹ-ACACAGCGGTTTTGAACGACATC-3ʹ 5ʹ-ACGGACGGGTACATCTTTACAG-3ʹ

INSULIN RECEPTOR A (222bp) 5’-TTCATTCAGGAAGACCTTCGA-3’ 5’-AGGCCAGAGATGACAAGTGAC-3’

BETA-ACTIN (309 bp) 5’-TCACTATCGGCAATGTGCGG-3’ 5- GCTCAGGAGGAGCAATGATG-3’

PCR cycle of respective genes and annealing temperature are shown in the table, while temperature and time of denaturation and elongation steps 
of each PCR cycle are 94˚C, 30 s and 72˚C, 60 s, respectively.

Figure 1: DPPH radical was evaluated spectrophotometrically by following the reduction of this radical which is accompanied by its passage of the 
purple color (DPPH•) to the color yellow (DPPH-H) measurable to 517nm.

Results
Phytochemical Screening 

Phytochemical Constituents extracts of ethanolic extract 
of the leafy stem powder of P. amarus. are shown in (Table 2). 
On the whole, coumarins, flavonoids, alkaloids, derivatives of 
anthracene, lignans, tannins and triterpenes were identified in 
extract. The ethanolic extract gave a positive result for all groups 
secondary metabolites investigate. 

Table 2: Phytochemical analysis of leafy stem powder of P. amarus.
Chemical compound Ethanolic extract

Coumarin +
Flavonoid +

Naphtoquinone +
Alkaloid +

anthracene derivative +
saponin +
lignan +

triterpene +
Tanins +

triterpene +
+ Present 

Quantification of some bioactive molecules family

After the phytochemical screening, three chemical compounds 
groups such as total phenolic compounds, flavonoids and tannins 
were measured on the ethanolic extract. (Table 3) presented 
values obtained.

Table 3: Total phenolic compound, flavonoids and tannins content

Ethanolic extract
Total 

Phenolic (a) 
compound

Flavonoids (b)
Condensed 
tannins(c)

Phyllanthus 
amarus Schum. & 

Thonn.
21,395±0,21 11,815±0,118 5,432±0,05

(a)mg equivalent of gallic acid/g of extract ; 
(b)mg equivalent of rutin/g of extract; 
(c)mg equivalent of catechin/mg of extract.

Antioxidant activity DPPH Radical Scavenging Activity

The DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging 
activity of Phyllanthus amarus Schumach. & Thonn. is given in (Fig 
2). This activity was increased by increasing the concentration of 
the sample extract. The reduction of DPPH radical by antioxidants 
is evaluated by the decrease in absorbance at 517 nm. The 
decrease in absorbance of DPPH radical caused by antioxidants 
is due to the reaction between antioxidant molecules and radical 
progress which results in the scavenging of the radical by hydrogen 
donation [50]. It is visually noticeable as a change in colour from 
purple to yellow. Hence, DPPH is usually used as a substance to 
evaluate the antioxidant potential of medicinal plants [51]. In this 
study, the DPPH radical scavenging activities of extracts therefore 
increased gradually in a dose concentration dependent manner 
(7.81-1000 μg/ml). The results show that IC50 value of the extract 
was 0.042 mg/ml, as opposed to that of ascorbic acid (IC50 0.010 
mg/ml, IC50= Concentration inhibiting 50% of reaction), which 
is a well-known antioxidant. Total antioxidant activity was also 
found to increase in a dose dependent manner. 
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Figure 2: Radical scavenging activity of Antioxidant activity of Phyllan-
thus amarus Schumach. & Thonn. EEt(OH) P.a: Ethanolic Extract of Phyl-
lanthus amarus Schumach. & Thonn. 

Phyllanthus amarus Schumach. & Thonn. extracts decrease 
hyperglycaemia (Fig. 3) shows that streptozotocin induced 
hyperglycaemia in rats. After gavaging the rats with extracts 
of Phyllanthus amarus., It is interesting to note that with the 
concentration of 200 mg/kg and 500 mg/ kg significantly 
decreased the glucose levels dose-dependant during 3 weeks, i.e., 
from 7th day to 21st day of treatment. Hyperglycaemia in diabetic 
animals, suggesting that these extracts have hypoglycaemic 
effect. The extracts administered orally daily to rats were not 
toxic (results not shown). 

Effect of repeated dose administration of P. amarus extract on 
oral glucose tolerance test in streptozotocin induced diabetic rats 

Figure 3: Blood glucose concentrations in control and diabetic rats, 
treated or not with extracts of Phyllanthus amarus Schumach. & Thonn. 
for 3 weeks. Each value represents the mean± SEM (n=6). 

The rats were also subjected to oral glucose tolerance test  
by gavaging 5 g/kg of glucose. Blood glucose levels by OGTT in 
diabetic rats being administered different dosages of P. amarus 
extracts at day 21 are shown in (Fig 4).  The oral glucose tolerance 
test-induced hyperglycaemia was higher in diabetic rats than 
control animals. The OGTT evoked hyperglycaemia is normalized 
after 2 h in control animals; however, the same phenomenon is 
decreased, but not normalized, in diabetic animals. It is interesting 
to note that the extracts from Phyllanthus amarus Schumach. & 
Thonn. decreased rapidly hyperglycaemia in diabetic animals, 

suggesting that these extracts have hypoglycaemic effect, though 
the animals remained hyperglycemic as compared to control rats. 

Figure 4: Oral glucose-tolerance test (OGTT) on day 21 in diabetic 
and control rats, treated or not with extracts of Phyllanthus amarus 
Schumach. & Thonn.  for 3 weeks. Glycaemia, during OGTT, was mea-
sured after a 15-h fasting, every 5–10 minutes, for 120 minutes follow-
ing glucose administration as described in the Materials and Methods 
section. Each value represents the mean ± SEM (n=6).

Effect of of P. amarus extract on plasma lipid profile Induction 
of obesity in Wistar rats increased serum levels of TAG, cholesterol, 
VLD and VLDL and decreased HDL levels. Administration of 200 
mg/Kg and 500 mg/Kg of ethanolic extract of the leafy stem 
powder of P. amarus normalized the increase in TAG, cholesterol, 
VLD and VLDL compared to control and diabetic rats.  Regarding 
the changes in HDL levels, diabetic decreased HDL levels while 
both P. amarus administration normalized it relative to control 
and obese levels confirming their hypolipidemic action (Fig 5). 

Figure 5: Anti-hyperlipidemic activities of Phyllanthus amarus 
Schumach. & Thonn. on Strepto-zotocin-induced diabetics Wistar Rats. 
Each value represents the mean ± SEM (n=6). 

Serum glucose, insulin levels and expression of insulin 
receptor A mRNA in streptozotocin-diabetic rats 

The STZ induced diabetic group had low serum insulin 
levels. The STZ induced diabetic rats had significant decrease in 
the mRNA expression of hepatic insulin receptor A (IRA). While 
animals administrated with Phyllanthus amarus Schumach. & 
Thonn showed a increase the  levels of serum insulin (Fig 6 (a)) 
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and hepatic IRA relative gene expression when compared with 
the diabetic rats (Fig 6 (b)). The Phyllanthus amarus Schumach. 
& Thonn action was dose  dependent where the highest effects 

observed in rats treated with a dose of 500 mg/kg bwt, and less 
effect with a low dose 200 mg/kg bwt. 

Figure 6: Serum insulin levels (a), expression of insulin receptor A mRNA (b). Each value is the mean of six determinations. Each value represents the 
mean ± SEM (n=6). Significant differences (p<0.05). NS=insignificant differences. 

Effect of Phyllanthus amarus Schumach. & Thonn extract 
on hepatic glycogen,  carbohydrate  enzyme activities and Lipid 
Metabolism in the liver in streptozotocin-induced diabetic wistar 
rats 

Hepatic glycogen content in diabetic rats  was found to 
be significantly reduced (p<0.05) compared with the normal 
control. Treatment with P. amarus enhanced the glycogen storage 
efficiency of liver of diabetic rats compared with diabetic control 
animals (Fig 7). 

Figure 7: The activity of hepatic Glycogen  in streptozotocin-diabetic 
rats.  Each value is the mean of six determinations. Each value repre-
sents the mean ± SEM (n=6). Ssignificant differences (p<0.05) between 
treatments.  

STZ administration significantly (p<0.05) elevated the activity 
of glycogen phosphorylase in diabetic control rats  as compared 
with the normal animals. Altered activity of the enzyme is reverted 
to near normal levels by extract administration  in diabetic rats 
(Fig 8). No statistical significance between the extract-treated 

groups (p>0.05). The activities of pyruvate kinase (Fig 9) and 
hexokinase (Fig 10) were significantly diminished (p<0.05) in 
STZ-induced diabetic rats as compared with normal control 
animals. However, P. amarus treatment significantly increased   
(p<0.05) the activities of pyruvate kinase and hexokinase in liver 
tissues of diabetic rats.

Figure 8: The activity of hepatic Glycogen Phosphorilase in streptozoto-
cin-diabetic rats.  Each value is the mean of six determinations. Each 
value represents the mean ± SEM (n=6). significant differences (p<0.05) 
between treatments.  NS=insignificant differences

On the other hand, there was an increase in the activities of 
gluconeogenic enzymes like fructose-1,6-diphosphatase (Fig 
11)  and glucose-6-phosphatase (Fig 12) in diabetic rats as 
compared with the normal rats. Supplementation of P. amarus 
showed restoration of fructose-1,6-diphosphatase and glucose-
6-phosphatase (p<0.05)  to the basal levels as compared with 
control rats. 
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Figure 9: The activity of hepatic Pyruvate kinase and relative gene expression (relative to beta-actin gene expression)  of Pyruvate kinase in strep-
tozotocin-diabetic rats.  Each value is the mean of six determinations. Each value represents the mean ± SEM (n=6). significant differences (p<0.05). 
NS=insignificant differences. 

Figure 10: The activity of hepatic Hexokinase in streptozotocin-di-
abetic rats.  Each value is the mean of six determinations. Each value 
represents the mean ± SEM (n=6). significant differences (p<0.05). 
NS=insignificant differences. 

Figure 11: The activity of hepatic fructose-1,6-diphosphatasein strep-
tozotocin-diabetic rats.  Each value is the mean of six determinations. 
Each value represents the mean ± SEM (n=6). Significant differences 
(p<0.05). NS=insignificant differences. 

Figure 12: The activity of hepatic glucose-6-phosphatase streptozoto-
cin-diabetic rats.  Each value is the mean of six determinations. Each val-
ue represents the mean ± SEM (n=6). Significant differences (p<0.05). 
NS=insignificant differences. 

The expression of Glut-2 and phosphoenol pyruvate 
carboxykinase (PEPCK) were tested in liver tissue of the STZ 
induced diabetic rats and P. amarus-supplemented diabetic rats. 
As seen in  (Fig 13 (a)), an increase in GLUT-2 mRNA expression 
(Figure 13(a)) was recorded. Any significant changes in mRNA 
expression of PEPCK (Figure 13(b)).

The STZ induced diabetic rats had significant decrease in 
the levels of GK, SDH relative gene expression compared with 
control rats (p<0.05). While animals administered with P. amarus 
showed an increase in the levels of hepatic, GK, SDH relative gene 
expression when compared with the diabetic rats (Fig 14, 15). 
While animals administrated with P. amarus induced the activities 
of hepatic aldolase, and GS, when compared with the diabetic rats 
(Fig 16, 17). The P. amarus action was dose dependent where the 
highest effects observed in rats treated with a dose of 500 mg/kg 
bwt, and less effect with a low dose 200 mg/kg bwt.
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Figure 13: RT-PCR analysis of Glut-2 (a) and PEPCK (b) expression after oral administration of Phyllanthus amarus for 21 days to the STZ induced 
diabetic group Wistar rats as described in materials and methods. RNA was extracted and reverse transcribed (1 μg) and RT-PCR analysis was carried 
out for Glut-2 and PEPCK genes. Densitometric analysis was carried for 6 different rats. Each value represents the mean ± SEM (n=6). significant dif-
ferences (p<0.05). NS=insignificant differences. 

Figure 14: RThe activity of hepatic GK and relative gene expression of glucokinase in streptozotocin-diabetic rats.  Each value is the mean of six deter-
minations. Each value represents the mean ± SEM (n=6). significant differences (p<0.05). NS=insignificant differences

Figure 15: The activity of hepatic succinate dehydrogenase (SDH) and relative gene expression of succinate dehydrogenase in streptozotocin-diabetic 
rats.  Each value is the mean of six determinations. Each value represents the mean ± SEM (n=6). significant differences (p<0.05). NS=insignificant 
differences
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Figure 16: The activity of hepatic aldolase, in streptozotocin-diabetic 
rats.  Each value is the mean of six determinations. Each value repre-
sents the mean ± SEM (n=6). significant differences (p<0.05). 

Figure 17: The activity of Glycogen synthase in streptozotocin-diabetic 
rats.  Each value is the mean of six determinations. Each value repre-
sents the mean ± SEM (n=6). significant differences (p<0.05). 

Effect of Phyllanthus amarus Schumach. & Thonn extract 
on Lipid Metabolism  in streptozotocin-induced diabetic wistar 
rats Moreover, 200 and 500 mg/kg b.w. Phyllanthus amarus 
Schumach. & Thonn. extracts modulated lipid metabolism (Fig 
18) as they increased lipolysis by upregulation of LPL mRNA 
expression (Fig 18 (a)). Finally, 200 mg/kg b.w. and 500 mg/kg 

Figure 18: RT-PCR analysis of LPL (a), STREBP -1a (b), and FAS (c) expression after oral administration of Phyllanthus amarus for 21 days to the STZ 
induced diabetic group Wistar rats as described in materials and methods. RNA was extracted and reverse transcribed (1 μg) and RT-PCR analysis was 
carried out for LPL, SREBP-1a, and FAS genes. Densitometric analysis was carried for 6 different rats. Each value represents the mean ± SEM (n=6). 
Significant differences (p<0.05). NS=insignificant differences.  

b.w up-regulation in mRNA expression of STREBP-1a genes that 
are essential for hepatic cholesterol metabolism (Fig 18 (b)).  
Regarding their effects on FAS, the results showed that 200 mg/
kg b.w.  is less effective on FAS mRNA expression than 500 mg/kg 
b.w (Figure 18 (c)).  
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Discussion
The result for the phytochemical screening of P. Amarus 

as shown in (Table 1) revealed the presence of Coumarin, 
Flavonoid, Naphtoquinone, Alkaloid, anthracene derivative, 
saponin, lignan, triterpene, Tanins. From these results, the level 
of detection of these components depended on the method of 
preparation of the sample, solvent used and the temperature. 
The components detected have been shown to exhibit various 
therapeutic properties such as the astringent action of tannins, 
anti-inflammatory and anti-allergic effect of flavonoids. Some 
carbohydrate, flavoniods, steroids and alkaloids have been shown 
to exhibit anti-diabetic action [1], [52], [53]. The detection of 
most of these plant constituents in P. Amarus have suggested the 
possibility of using the plant in the treatment and management 
of many aliments including non-insulin dependent diabetes 
mellitus [54], [55]. Saponins inhibit sodium efflux by blocking the 
entrance of the sodium ions into the cell [56], hence activating 
sodium-calcium antiporter producing elevated cytosolic calcium 
which strengthens the contractions of heart muscle and thus 
reducing congestive heart failure. 

The main goal of this study is to determine the free radical 
scavenging properties screened for in vitro plant extraction of 
Phyllanthus amarus Schum. & Thonn. Free radical scavenging 
activity was evaluated using 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) method. The result of the present study showed that the 
ethanol extract of Phyllanthus amarus Schum. & Thonn., contains 
highest amount of phenolic compounds. Phenolic compounds 
are known as high-level antioxidants because of their ability to 
scavenge free radicals and active oxygen species, such as singlet 
oxygen, superoxide free radicals and hydroxyl radicals [57]. 
The radical-scavenging activity is attributed to replacement of 
hydroxyl groups in the aromatic ring systems of the phenolic 
compounds as a result of their hydrogen donating ability [58]. 

The possible mechanism of the extract may in part be 
attributed to its antioxidant activities. Complementing our 
findings, earlier studies have reported that the extract may have 
antioxidant activity. Phyllanthus amarus have been reported to be 
rich in phenolic compounds (Martin-Nizard et al. 2003) and these 
compounds were previously served as free radical scavengers 
[59]. Hyperglycemia generates reactive oxygen species (ROS), 
which in turn cause lipid peroxidation and membrane damage 
[60].

The possible mechanism of the extract may in part be 
attributed to its antioxidant activities. Complementing our 
findings, earlier studies have reported that the extract may have 
antioxidant activity. Phyllanthus amarus have been reported to 
be rich in phenolic compounds [61] and these compounds were 
previously served as free radical scavengers [59]. Hyperglycemia 
generates reactive oxygen species (ROS), which in turn cause 
lipid peroxidation and membrane damage [60].

The experimentally induced diabetic rats showed severe 
hyperglycemia interrelated with a decrease in endogenous 
insulin secretion and release. Rats treated with Phyllanthus 
amarus extract showed a significant decrease in the level of blood 
glucose and an increase in the level of serum insulin. These results 

indicated that Phyllanthus amarus produced anti-hyperglycemic 
activity and the glucose-lowering activity of Phyllanthus 
amarus may be attributed to pancreatic-enhancement of insulin 
secretion. Increment in plasma insulin by Phyllanthus amarus is 
probably due to the  presence of derivatives which possess insulin 
secretagogue activity. It may also be due to the regeneration of 
pancreatic b cells which are destroyed by STZ [62].

According to previous reports, Diabetes mellitus (DM) was 
presented with alterations in glucose homeostasis that contribute 
to persistent hyperglycemia and liver plays a major role in the 
regulation of glucose metabolism [63]. The experimentally 
induced diabetic rats showed severe hyperglycemia interrelated 
with a decrease in endogenous insulin secretion and release. Rats 
treated with Phyllanthus amarus extract showed a significant 
decrease in the level of blood glucose and an increase in the level 
of serum insulin. 

The phytochemical screening of Phyllanthus amarus showed 
the presence of  constituents which were characterized and 
identified for the first time in this work and were having medicinal 
properties such as antioxidant [64]. Anti-inflammatory [65], 
anticancer [66], and hypoglycemic activities [67]. Hypoglycaemic 
effect of Egyptian Morus alba root bark extract: Effect on diabetes 
and lipid. The antidiabetic activity of Phyllanthus amarus  may 
be attributed to the cumulative effect of these major compounds 
present in it.

Oral glucose tolerance test (OGTT) outcomes from the present 
study could lead us to believe that Phyllanthus amarus Schum. 
& Thonn. May repair pancreas beta cells and enhance insulin 
secretion that then decrease blood glucose levels. Furthermore, 
treatment with Phyllanthus amarus Schum. & Thonn. Improves 
glucose tolerance in diabetic rats, suggesting an enhanced insulin 
secretion. The ogttevoked hyperglycaemia is normalized after 2 h 
in control animals; however, the same phenomenon is decreased, 
but not normalized, in diabetic animals.

This study was designed to investigate the effect of the oral 
administration of Phyllanthus amarus Schum. & Thonn. Extract 
on plasma glucose, triglycerides, LDL, HDL, VLDL total cholesterol 
levels in normal and diabetic rats.

Our results show that Phyllanthus amarus Schum. & Thonn. 
Administration could decrease  triglycerides, cholesterol, VLDL 
and LDL cholesterol and also increase HDL cholesterol. The 
decrease in serum triglycerides may be associated with the 
change in total serum Mg concentration. There is increasing 
evidence for the role of magnesium in the modulation of serum 
lipids and lipid uptake in macrophages [68].

Our hypothesis is Phyllanthus amarus  induces insulin 
production and tissues insulin sensitivity, leading to an increase 
in the tissues glucose uptake, storage, and oxidation. In this study, 
we demonstrated the anti-hyperglycemic action of Phyllanthus 
amarus  in STZ-induced diabetic rats. It decreased the  blood 
glucose level in male STZ-induced diabetic rats particularly with 
the high dose (500 mg/kg bwt). The anti-hyperglycemic effect 
of Phyllanthus amarus  was dose dependent. The Phyllanthus 
amarus extracts decreased the serum glucose levels in diabetic 
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rats. The anti- hyperglycemic effect of Phyllanthus amarus  
might be exerted by  increasing insulin synthesis, and release 
by the beta cells of the islet of Langerhans and inducing the 
sensitivity of cell receptors to insulin. This appears through the 
induction of expression of the insulin gene in pancreatic cells 
and IRA in hepatic cells, and increasing the serum insulin levels 
consequently increased glucose uptake through induction of 
Glut 2 gene expression. The hypoglycemic effect of Phyllanthus 
amarus was exerted through potentiation of insulin synthesis 
and release from the existing beta cells, as well as increasing the 
tissues sensitivity of insulin to glucose uptake [69].  

The STZ induces a selective destruction of pancreatic β-cells 
leading to poor glucose utilization inducing hyperglycemia, but 
leaving many of the surviving beta cells, which can be regenerated 
[70]. Such regeneration is enhanced by the administration of 
Phyllanthus amarus, and results in stimulating insulin release 
through increasing the level of gene expression, and so increasing 
its level in the blood, which can improve glucose metabolism.

Insulin receptors are expressed with different ranges in 
all tissues that are sensitive to insulin [71].This enforce our 
results, which showed high hepatic IRA gene expression levels 
in the groups that were administrated high doses of Phyllanthus 
amarus. That possess hypoglycemic, as well as antioxidant 
properties. Some flavonoids have hypoglycemic properties 
because they improve altered glucose and oxidative metabolisms 
of the diabetic states. They also exert a stimulatory effect on 
insulin secretion by changing Ca++ concentration [72].

The activity of enzymes like hexokinase, pyruvate kinase, 
glucose-6-phosphatase, and fructose-1,6-diphosphatase was 
markedly altered, resulting in hyperglycemia, which leads to 
the pathogenesis of diabetic complications [73]. The altered the 
activity of hexokinase and pyruvate kinase, key enzymes in the 
catabolism of glucose, diminishing the metabolism of glucose 
and ATP production in diabetic conditions. The reduction in the 
activities of these enzymes in the liver tissues of diabetic rats is an 
indication of reduced glycolysis and amplified gluconeogenesis 
signifying that these two pathways are distorted in diabetes. In 
agreement with the above reports, the activities of hexokinase 
and pyruvate kinase were significantly decreased in the STZ-
induced DM group. The PK is a glycolytic enzyme playing a central 
role in hepatic glucose and lipid metabolism. It is regulated 
by phosphorylation, allosteric modification, hormones, and 
nutrients. Excess glucose utilization by tissue induces glycolysis, 
L-Pyruvate kinase (L-PK) activity, glycogenesis, de novo-synthesis 
of fatty acids, and lipid storage. The L-PK gene transcription 
is induced by insulin stimulated glucose metabolism [74]. 
Treatment with 200 mg/kg  and  500 mg/kg bwt of Phyllanthus 
amarus causes an increase in the serum insulin level (p<0.05). 
The elevation in the serum insulin could result in activation of 
L-PK gene expression, and the enzyme activity that presented in 
our results, which refer to increase in the glycolytic pathway by 
treatment with 200 and 500 mg/kg bwt of Phyllanthus amarus, 
whereas treatment with 200 mg/kg bwt failed to produce this 
effect. The PK activity decreases as the result of diabetes and 
increases by the administration of insulin to diabetic rats in the 
liver tissues [75]. The increase in activity of PK in the liver tissue 

of rats is the cause of the increase in glycolysis and the decrease 
in gluconeogenesis as indicated by PEPCK mrna expression [76].

Administration of Phyllanthus amarus to diabetic rats 
significantly elevated these enzyme activities in liver. The 
activities of regulatory enzymes in gluconeogenesis, like glucose-
6-phosphatase and fructose-1,6-diphosphatase, are elevated in 
Diabetes mellitus  [77] and increased activities of these enzymes 
in STZ-induced diabetic rats may be due to insulin insufficiency 
[78]. Glucose-6-phosphatase and fructose-1,6-diphosphatase 
are dephosphorylating enzymes which impair hepatic glucose 
utilization. Our  results showed that the activities of glucose-6-
phosphatase and fructose-1,6-diphosphatase were significantly 
decreased by the administration of Phyllanthus amarus. Glycogen 
is the primary intracellular storage form of glucose and its 
quantity in various tissues is a direct manifestation of insulin 
activity as insulin supports intracellular glycogen deposition  
[79]. The reduced glycogen store in diabetic rats has been 
attributed to the loss of glycogen synthase-activating system 
and/or the increased activity of glycogen phosphorylase [80]. In 
the present study, there was a decrease in the hepatic glycogen 
content of diabetic rats which suggests the increased glucose 
output during insulin deficiency. Here diabetic animals showed 
increased glycogen phosphorylase activity when compared with 
normal control animals. Treatment with Phyllanthus amarus 
restored the levels of glycogen, probably by means of decreasing 
the activity of glycogen phosphorylase.

Hepatic glucose utilization was induced possibly due to the 
induction of gene expression of the Glut 2 gene. 

The latter is a membrane bound glucose transporter present 
mainly in the liver, and not dependent on insulin. It has a high 
glucose Michaelis constant (Km) and so the transporting of 
glucose into hepatic tissue is unlimited [81]. Glucose that is 
transported to the liver is either oxidized, or stored as glycogen. 
The Phyllanthus amarus improved the activity and gene 
expression of hepatic  glucose catabolic enzymes GK, aldolase 
and SDH in harmony by increasing the level of gene expression 
of insulin gene and serum insulin levels. The GK activity and gene 
expression was increased in the Phyllanthus amarus treated rats 
when compared with diabetic non-treated rats. 

The gene expression of GK is correlated with enzyme activity. 
The GK enzyme catalyzes the first hepatic glycolysis reaction, it 
has a low blood glucose affinity with high Km. So it has a high 
sensitivity to blood glucose level change [81]. The GK activity 
and  expression levels are decreased in diabetic patients [82]. 
The GK is a strong diabetic therapy marker because it enhances 
the hepatic glucose uptake and insulin secretion from pancreatic 
tissue  [83]. Aldolase is a bi-functional enzyme in both glycolysis 
and gluconeogenesis; it is closely related to PFK-1 (phospho-
fructokinase-1) in its action as it cleaves its product (F1, 6 
bisphosphate) into glyceraldhyde-3-phosphate and dihydroxy 
acetone phosphate. Its level was reported lower in the diabetic 
models [84], the increase in its activity  after Phyllanthus amarus 
treatment may refer to  improvement of glucose oxidation. 
The SDH is an oxidative mitochondrial enzyme that controls 
transcription of metabolism-related genes in mitochondria,  
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and promotes glucose and lipid metabolism. The SDH mrna 
expression levels were reduced in diabetic animals  [85]. Our 
study showed that treatment with 200 and 500 mg/kg bwt 
of Phyllanthus amarus can increase the SDH mrna levels and 
activity that improves the oxidative  status in diabetic rats  [86]. 
Glycogenesis is another pathway for glucose utilization in the liver 
that is directly affected by insulin; the decrease in insulin level in 
diabetic rats results in the decrease of GS activity, and so decrease 
in liver glycogen content [87]. Such decrease in the activity was 
reversed by Phyllanthus amarus treatment with doses of 200 and 
500 mg/kg bwt by  the correction of insulin level in the blood. The 
hypoglycemic action of Phyllanthus amarus was accompanied by 
the activation of GS, and increases the hepatic glycogen content 
[88]. The STZ induces a selective destruction of pancreatic β-cells, 
which may be regenerated giving false results. 

It could be predicted that glycogen levels in tissues (muscle 
and liver) decreased as the influx of glucose in liver, thus, 
inhibited in the absence of insulin and recovered on insulin 
treatment [89]. Our findings showed that the administration 
of Phyllanthus amarus to streptozotocin-induced diabetic 
wistar rats significant increase in PK mrna expression without 
changes in PEPCK mrna expression. Moreover, Glut 2 expression 
increased after Phyllanthus amarus administration. As known, 
Glut 2 is a trans-membrane carrier protein, which enables passive 
glucose movement across cell membranes. Glut 2 is the principal 
transporter for the transfer of glucose between liver and blood, 
and for renal glucose reabsorption [90]. 

Elevated TG, cholesterol and LDL levels, and reduced HDL 
are the key abnormalities that constitute dyslipidemia [91]. 
Here, our results show that Phyllanthus amarus administration 
normalized the changes induced in lipid profiles suggesting an 
improvement in insulin sensitivity through up-regulation in 
LPL, STREBP-1a expression, while FAS expression was down 
regulated. All together shows the importance of Phyllanthus 
amarus as nutrient molecules which help in preventing the 
changes in lipid profiles and regulated the gene expression 
of carbohydrate, lipid metabolism and with their antioxidant 
activities in streptozotocin-induced diabetic rats. 

Conclusion
In conclusion, the Phyllanthus amarus has both a hypoglycemic 

effect and an antidyslipidemic activity. The possible mechanism 
of the anti diabetic action may be through a stimulation of insulin 
release from the remnant pancreatic b-cells. Both anti diabetic 
and anti dyslipidemic effects may in part be due to its antioxidant 
activity. It can also decrease vessel atherosclerosis and prevent 
diabetic vessel complications. In our view, it appears that 
Phyllanthus amarus administration may decrease cardiovascular 
risk factors.   

Our results support the hypothesis that Phyllanthus amarus 
has a potential role in the management of diabetes and in the 
prevention of some complications in STZ-induced diabetic rats 
and that it may be useful in the treatment of hyperlipidemia in 
diabetes. Further studies will be needed to confirm the role of 
Phyllanthus amarus in lipid metabolism control. 
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