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Abstract

The medical herb Phyllanthus amarus play a crucial role in indigenous medi-
cine. Therapeutically, these plants’ extract acts as potential players that inhi-
bits several digestive enzymes that are relevant to the management of Peptic
ulcers and Diabetes Mellitus, which occur due to the overproduction of such
enzymes. Evaluation of inhibitory effect of this extract was carried out against
Pepsin, a-amylase, Trypsin enzymes along with the effect of thermal stability
and ammonijum sulphate precipitation on these inhibitory assays. P. amarus
leave’s extract with different concentration gradients were used in this re-
search analysis. Results obtained along with the literature analysis revealed
photochemical compounds such as polyphenols causes inhibitory nature in
the extract. Maximal percentage of inhibition of amylase, pepsin and trypsin
were found to be 71% (0.32 mg/ml), 85% (0.08 mg/ml) and 87% (1.28 mg/ml)
respectively. In thermal stability assay the maximum percentage of inhibition
for amylase, pepsin and trypsin was observed at 30% (80°C), 68% (4°C) and
5% (37°C). Enzymes inhibitory assays on ammonium sulphate precipitation
elicited maximum percentage of inhibition for amylase, pepsin and trypsin as
42% (at 45% of (NH,),SO,), 58% (at 15% of (NH,),SO,) and 40% (at 30% of
(NH4),SO,) respectively. This research concluded that Phyllanthus amarus
leave extracts are potential inhibitors of a-amylase, pepsin and trypsin en-
zymes. Ammonium sulphate precipitation was helpful to purify the polyphe-
nols the active compounds to a good extend. Also, thermal stability was helpful
to check the stability of these active photochemical compounds present in the
extract. Thus, P. amarus is an effective inhibitor to be used as supplements in
the disease management.
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1. Introduction

Digestive enzymes are vital for digestion and absorption of nutrients through
breakdown of macromolecules such as proteins, carbohydrates and fats. Most of
these digestive enzymes are hydrolases. They are secreted by various parts of the
gastro intestinal tract (GI tract) [1]. These enzymes can either be enhanced or
inhibited by binding with substrates that enhance or inhibit the enzymatic reac-
tions. Inhibition of enzymes is inhibited by compounds with lower molecular
weight also known as inhibitors. This inhibition process is also helpful in detox-
ification of the toxins produced and prevents the damage of GI tract due to over
expression of the enzymes [2].

Inhibition alters the catalytic reactions of the enzymes that in turn could lead
to deficiencies and related medical conditions in humans such as, G6PD defi-
ciency, it leads to vulnerable breakdown of RBC, resulting in haemolytic anae-
mia, together with back pain, abdominal pain and jaundice. The symptoms usu-
ally associated with stressors or infections [3]. Goucher’s disease is due to the
deficiency of enzyme pyruvate kinase, causes RBC breakdown leading to anae-
mia. Lactose intolerance is due to the deficiency of lactase enzyme. So, the con-
sumption of lactose or milk products results in serious uncomfortable state [4].
To overcome the enzyme deficiencies, usually the patients are treated with En-
hancer supplements from the plants and microbes which enhances the produc-
tion of enzymes and ensures the enzyme substrate binding [5].

Apart from inhibition, enhancement of these catalytic reactions too leads to
an array of medical conditions. Increased production of alpha amylase results in
the increased rate of digestion of carbohydrates which may lead to increased
blood glucose levels. Also over production of a-amylase (hyperamylasaemia) to-
gether with some co-factors such as consumption of alcohol leads to inflamma-
tion of pancreas, resulting in acute and chronic pancreatitis gradually leads to
liver cirrhosis and hepatic carcinoma [6].

The over production of gastric juices such as pepsin triggers the production of
HCI in the stomach as well as resulting in Gastro-oesophageal reflux. This acid
formation also occurs due to Zolllinger-Ellison syndrome [7] where tumours pre-
sent in pancreas or duodenum trigger the excess production of the gastric en-
zymes such as pepsin and HCl damaging the stomach and duodenum which
may lead to gastric cancers or duodenal cancers. Enzyme inhibitors, therefore,
could be potential strategies to avoid over production of enzymes or managing
such medical conditions [8].

The aim of this research project is to investigate the inhibitory effects of Phy/-
lanthus amarus leaves on digestive enzymes; a-amylase, trypsin and pepsin
together with its thermo stability and ammonium sulphate precipitation of the

enzymes.

1.1. Phyllanthus amarus and Its Medical Properties

Phyllanthus amarus also known as sleeping plant belongs to the family of Euro-
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biaccea which also has 800 varied species of it. It is mostly found in tropical and
subtropical regions of the world [9]. and used in indigenous medicines like Ay-
urveda, siddha and Unani for treating conditions such as jaundice, bladder in-
fections, ulcers, kidney disorders, diabetes, hepatitis B, cirrhosis and also urinary
tract infections [10].

These medical conditions are treated with therapeutically designed supple-
ments made up of Phyllanthus amarus plant leaves which is rich in some pho-
tochemical compounds such as alkaloids, saponins, tannins, glycosides, flavo-
noids, steroids and terpenes [11].

Phyllanthus amarus has a wide range of functions such as antiviral, anti-oxi-
dant, hypolipidemic, anti-depressants, anti-inflammatory, antidiabetic, immu-
nomodulatory and anti-cancer. These functions are clinically proved by the ran-
domized trials in patients and also some on rats. Literature highlights these array
of functions by P. amarus is due to the photochemical compounds which are
rich in terpenoids, phenols, flavonoids, tannins, alkaloids, steroids and polypro-
panoids [11]. Some of the clinical trials are summarized in Table 1.

Apart from the inhibitory effect of this plant on digestive enzymes there were
many studies on different pharmacological actions of this Phyllanthus amarus as
shown in Table 1.

1.2. Importance and the Inhibitory Effects of P. amarus Leaves
Extract on a-Amylase, Pepsin and Trypsin Enzymes

Starch is a fundamental source in human diet. Mammalian pancreatic and salivary

Table 1. Clinical trials on Phyllanthus amarus (P. niruri) leave extracts.

Effect Diseases treated Dosage and Duration Description Reference
Of P. niruri

Immuno modulatory Tuberculosis Oral In one study involving 40 active TB patients, a significant [12]

effect (Randomized  (n = 120 patients) 50 mg/ml elevation of plasma IFN- ylevel (+7.65 pg/mL from the mean

Clinical trials) 2 - 6 months baseline level of 5.24 pg/mL) was found after 2 months of

Vaginal candidiasis
(n = 20 patients)

Toxic modulatory Urolithiasis
effect (n = 150 patients)
Anti-viral effect Hepatitis B

(n = 140 patients)

Anti-inflammatory ~ Tonsillo
activity pharyngitis

concomitant treatment. IFN- ylevel is critically required to
protect the body from and to combat M. tuberculosis

Oral Elevation of IFN- ylevel indicates an augmented activity of ~ [13]
100 mg/ml the T-helper 1 cellular immune response, with concurrent
1 - 3 months suppression of IL-4 and IL-10 secretion by Th2 subsets, and

activation of the macrophages necessary for candida
eradication from the vaginal tissues

Oral complete stone clearance (stone-free condition with residual [14]
2 glonce fragments less than 3 mm) occurred in 93.5% of patients in

Daily the treated group.

For 180 days

Capsule Recovery index of HBV-DNA, HBeAg is 88.2% and 52.5%  [15]
3 months and 2 year  respectively. Also, when treatment was stopped recurrence

follow up rate were 10.4% and 13.4% respectively.

Capsule Indicated by the visual analogue scale reduction in [15]

360 mg/3times daily ~ swallowing pain and swallowing difficulty within 6 hours
for 7 days after administration.
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a-amylase hydrolyses a,1-4 glyosidic bonds through its endo catalytic activity.
Starch is abundant with a,1-4 glyosidic bonds and a few a,1-6 glyosidic bond
branches. This hydrolytic reaction plays a significant role in post prandial blood
glucose level. Increased breakdown of starch leads to Diabetes type II (DM),
metabolic syndrome and obesity [16].

DM II is mainly due to deficiency of insulin. Hallmark of treating DM is to
control blood glucose level through hypoglycemic supplements which inhibits
a-amylase activities. Since herbal supplements are acceptable, effective and safe.
Herbs are preferred mostly to design drugs. Phyllanthus amarus plays a signifi-
cant role in the inhibition of this enzyme a-amylase [17]. Inhibition of a-amylase
by P. amaruswas illustrated in Figure 1 below [18].

According to the study of Gao et al, 2008, experimental screening illustrates
that methanolic extracts of Amaranthus species shows the highest amylase inhi-
bitory effects compared with 40 other varied species of herbal plants. This plant
is also promising to be an efficient supplement as the inhibitor of amylase en-
zyme.

Pepsinogen is a zymogen secreted by mucosal lining of the stomach. This se-
cretion is controlled by vagus nerves and hormones such as gastrin and secretin.
It becomes active as pepsin when mixed with HCI which provides an acidic, op-
timized environment for the enzyme. Pepsin through hydrolytic reaction break-
down peptide bonds of the protein in to amino acids and dipeptides. Overpro-
duction of pepsin together with HCI give rise to gastric ulcers and gastric eso-
phageal reflux. Hallmark of treating this condition mainly focus on the inhibi-
tion of pepsin enzyme [19].

Trypsin belongs to serine family of protease which is secreted by the pancreas

as zymogen called trypsinogen. It is activated as trypsin by entero peptidase in
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Figure 1. In a clinical trial inhibition of a-amylase by P. amarus and Acarbose (inhibitor
drug) was compared using a spectrophotometer readings at 595 nm at different concen-
trations. 58.45% of inhibition of Acarbose at ICso value of 83.33 + 0.34 (ug/mL) and
75.32% of inhibition of P. amarus at ICso of 48.92 + 3.43 (ug/mL) as shown in Figure 2
[18].
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the small intestine. Through hydrolytic reactions it digests proteins in to amino

acids and dipeptides by breaking poly peptide bonds [20].

1.3. Importance of Ammonium Sulphate Fractionation
and Thermal Stability

Therapeutic production of drugs highly focuses on the thermal stability of en-
zymes. Irreversible chemical and physical changes that occur when increasing
the temperature is known as thermal stability [21].

Ammonium sulphate precipitation assay is done mainly to precipitate globu-
lar proteins or enzymes via salting-in procedure. Normally along with the in-
crease of salt concentration stability of the protein known as salting out. Salting
out is mainly based on the hydration layer where the protein is in contact with.
There are 3 main protein water molecule interactions, Ion hydration between
amino acids which are charged and mainly located in side chains (Asp, Lys),
bond between polar residues located in main chains and water molecules (Tyr,
Ser, Thr), bonds between apolar groups and water molecules. Precipitation oc-

curs mainly by hofmeister series followed by the salts as shown in figure 5 [22].

2. Materials and Methods
2.1. Materials

2.1.1. Plant Materials
Leaves of Phyllanthus amarus which belongs to the family of Euphoria.

2.1.2. Chemicals

NaCl, KCl, NaH,POy, 1% dimethyl sulfoxide, DNS reagents, hydrochloric acid
(HCI), distilled water, hemoglobin powder, pepsin, starch powder, procrine a-
amylase, methanol, 5% of trichloro acetic acid, phosphate buffer (pH 7.5), 1x
phosphate buffer saline.

2.1.3. Equipment

Centrifuge tubes, Eppendorf tubes (1.5 ml), boiling tubes. Micropipettes (P-10,
P-100, P-1000), Beaker, measuring cylinder of volumes 25 cm?, 50 cm?, 100 cm?,
250 cm?, Petridish, Falcon tubes (15 ml), water bath (Gemmyco), Centrifuge
machine (80-2B), Electronic balance belongs to Scot pro, Autoclave, Fume hood
(BIOBASE), Vortex machine, Electronic roller (KJMR-II).

2.2. Methods

2.2.1. Plant Material Preparation

Leaves of Phyllanthus amarus (P. niruri) were collected in the month of May
from on specific district Trincomalee in Srilanka. Leaves were kept drying at
room temperature and then dried leaves were crushed and ground in to a fine
powder using an electronic grinder. The coarse powder was then stored at room
temperature until the research procedures. All reagents were also prepared using

standard protocols.
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2.2.2. Hydro Methanolic Plant Extract

The coarse powder of Phyllanthus amarus (10 g) was extracted with 40 ml of
80% methanol by placing on roller at the room temperature (30°C) for 48 hours.
Sample was then filtered in to a Petri dish and incubated in the fume hood for 24
hours until the methanol completely evaporated. The sediment left on the Petri
dish was then scraped off using a surgical blade and stored into an Eppendorf
tube. Then the sample weight was measured using an electronic balance and

stored at room temperature until the research assays were started.

2.2.3. Hydro Methanolic Plant Extract
40 mg/ml stocks were prepared using 1% DMSO. From the stock working solu-

tions were prepared again using 1% DMSO.

2.3. Methodology for Assays

2.3.1. Pepsin Inhibition Assay

100 ug pepsin, 1600 pg hemoglobin (Hb) and extracted sample at concentrations
of 0.04 mg/ml, 0.08 mg/ml, 0.16 mg/ml, 0.32 mg/ml, 0.64 mg/ml and 1.28 mg/ml
were mixed in to 1000 pl of reaction mixture. The reaction mixture was incu-
bated at 37°C for a period of 20 minutes. After incubation 700 ul of 5% TCA was
added to stop the reaction, and centrifuged at 4000 rpm for 20 minutes. Then
the supernatant was taken out in to the cuvette without disturbing the pellet.
And the absorbance reading was taken in the wavelength of 240 nm. No plant
extract was added to the control and no enzyme was added to the blank [23].

The assay was repeated three times.

2.3.2. a-Amylase Inhibition Assay

200 pg a-amylase and extracted sample at concentrations of 0.04mg/ml, 0.08
mg/ml, 0.16 mg/ml, 0.32 mg/ml, 0.64 mg/ml and 1.28 mg/ml were mixed in to
800 ul of reaction mixture. The reaction mixture was incubated at 25°C for a pe-
riod of 10 minutes. Then starch (1 mg) was added to 800 pl of the reaction mix-
ture and incubated at 25°C for a period of 10 minutes. To stop the reaction 400
ul of 3,5-DNS solution (96 mM) was added to the reaction mixture, and incu-
bated at the temperature of 99°C for a period of 5 minutes. Absorbance reading
was taken in the wavelength of 540 nm. No plant extract was added to the con-
trol and no enzyme was added to the blank. The assay was repeated three times
[24].

2.3.3. Trypsin Inhibition Assay

5 pg trypsin, 2 ml of casein (10 mg in the form of fresh Ambewala milk packet of
0.005 g/ml), sodium acetate buffer of 150 pl and and extracted sample at con-
centrations of 0.04 mg/ml, 0.08 mg/ml, 0.16 mg/ml, 0.32 mg/ml, 0.64 mg/ml and
1.28 mg/ml were mixed in to 3000 ul of reaction mixture. Then the reaction
mixture was incubated at the room temperature for a period of 10 minutes. To
stop the reaction 4 ml of 5% TCA was added to the reaction mixture, and cen-

trifuged at 4000 rpm for a period of 20 minutes. Then the supernatant was taken
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out and filtered using a watman filter paper in to the cuvette and the absorbance
reading was taken in the wavelength of 320 nm. No plant extract was added to
the control and no enzyme was added to the blank. The assay was repeated three
times [25].

2.3.4. Thermal Stability Assay

The plant extracts were incubated at room temperature of 29°C, 4°C, 37°C,
60°C, 80°C and 99°C separately for a period of 30 minutes. These pre-incubated
plant extracts were used for all 3 inhibitory assays (Pepsin, Trypsin and Amy-
lase) with the same procedures as mentioned above. These assays were repeated
three times. The concentration of the preincubated plant extract were equal (1.28

mg/ml).

2.3.5. Inhibitory Assays on Ammonium Sulphate Precipitation Assay

Ammonium sulphate solutions were prepared at 3 different concentration gra-
dients of 30%, 60% and 90% of w/v% respectively. Plant extracts of the concen-
tration of 4 mg/ml was then added to obtain 15%, 30% and 45% w/v% of ammo-
nium sulphate solutions respectively. These solutions were incubated in the ice
for 10 minutes, and centrifuged at 4000 rpm for a period of 20 minutes. Then the
supernatant was poured out, remaining pellet was dissolved in 2 ml of 1x phos-
phate buffer saline (PBS). This dissolved solution was then used as protein frac-

tion and the 3 assays were proceeded and repeated 3 times.

3. Results and Discussion

Percentage of inhibition for all three inhibitory (pepsin, trypsin and amylase)
assays were examined. The results obtained were analyzed statistically using
ANOVA. The concentrations are not at equal intervals and since the concentra-
tions were at two folds the log base 2 graph was obtained as it will give a better
idea of the percentage of inhibition of the enzymes inhibitory assays with a uni-

form interval of different concentrations.

3.1. Results for the Inhibition Assays

According to Graphs 1-3 the potential inhibition of trypsin enzyme by Phyllan-
thus amarus was determined. The P value for this inhibition assay was P = 0.005
(P < 0.05). Although there was a slight deviation observed there is a significant
relationship between the concentration of the plant extract and the inhibition of
trypsin enzyme. The rate of inhibition of the trypsin enzyme significantly in-
creased with increasing concentration of the extract. However maximal inhibi-
tory effect was exhibited at the concentration of 1.28 mg/ml and minimal inhibi-

tion was observed at the concentration of 0.16 mg/ml.

3.2. Results for the Thermal Stability Assays of the Three Enzymes

The inhibitory effect of plant extract on enzymes together with different temper-

atures were examined. According to the statistical analysis of ANOVA the P
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Graph 1. Log base 2 graph of Percentage inhibition of a-amylase with increasing concen-
tration of plant extract.

Pepsin Inhibitory Assay - Log base 2
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Graph 2. Log base 2 graph of Percentage inhibition of pepsin with increasing concentra-
tion of plant extract.
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Graph 3. Log base 2 graph of Percentage inhibition of Trypsin with increasing concen-
tration of plant extract.
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value for amylase enzyme was determined as P < 0.05, P = 0.0000089. which in-
dicates that there is a strong significant relationship between the activity of the
enzyme and the temperatures at which the extract were incubated. It was ob-
served that with increasing temperature the enzyme activity also increased apart
from minor fluctuations according to the absorbance reading obtained, the
highest inhibitory rate was observed at the temperature of 80°C and the lowest
inhibitory effect was observed at the temperature of 60°C as shown in Graph 4.

Whereas the P value for pepsin thermal stability was determined as P > 0.05, P
= 0.059. which indicates that there is no strong significant relationship between
the activity of the enzyme and the temperatures at which the extract were incu-
bated. It was observed that with increasing temperature, the enzyme activity was
decreased according to the absorbance reading obtained. Highest inhibitory ef-
fect was observed at 4°C and lowest inhibitory effect was observed at room tem-
perature (29°C) as shown in Graph 5.

According to Graph 6 the P value for trypsin thermal stability was determined
as P < 0.05, P = 0.00000142. Which indicates that there is a strong significant re-
lationship between the activity of the enzyme and the temperatures at which the
extract were incubated. It was observed that with increasing temperature the

enzyme activity was decreased according to the absorbance reading obtained.

3.3. Enzyme Inhibitory Assays on Ammonium Sulphate Precipitation

ANOVA statistical analysis was done for 15%, 30% and 45% of ammonium sul-
phate fractions with the plant extracts of concentration 4 mg/ml for all three as-
says. The P values determined for 15%, 30% and 45% of ammonium sulphate
precipitation in all three assays. When P < 0.05 this indicates that there is a sig-
nificant relationship between the concentration of ammonium sulphate and the
protein fractions obtained from them. When P > 0.05 this indicates that there is
no significant relationship between the concentration of ammonium sulphate

and the protein fractions obtained from them. In here, highest inhibition was

Thermal Stability of Extract in amylase assay
35%
30%
25%
20%

15%

10%

Percentage of inhibition (%)

5%

0%
0 20 40 60 80 100 120
Temperature(°C)

Graph 4. The change in absorbance with increasing temperature reflecting the reduced
enhancing potential of plant extract with increasing temperature on amylase.
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Thermal Stability of Extract on pepsin assay
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Graph 5. The change in absorbance with increasing temperature reflecting the reduced
inhibition potential of plant extract with increasing temperature on pepsin.

Thermal Stability of Extract on trypsin assay
8%
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120
-2%
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-4%

-6%

-8%

Temperature(°C)

Graph 6. The change in absorbance with increasing temperature reflecting the reduced
inhibition potential of plant extract with increasing temperature on trypsin.

observed in plant extract of 4 mg/ml at 30% of ammonium sulphate fraction for
pepsin and trypsin inhibition assays and in 45% of ammonium sulphate fraction
for a-amylase assay. The percentage of ammonium sulphate fraction at which

the inhibition was maximum is shown in Table 2.

4. Discussion

This research was to examine the inhibitory effects of medical herb Phyllanthus
amarus on a-amylase, pepsin and trypsin enzymes [26]. As mentioned before

chemical compounds known as polyphenols present in P. amarus leaves were
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Table 2. % of ammonium sulphate fraction at which the inhibition was maximum for 4
mg/ml concentration of the plant extract.

Highest inhibition observed for 4 mg/ml

Assays P Value
th u in the sulphate fraction
P =0.00029
a-Amylase Inhibition assay (P < 0.05) 45% Of the ammonium sulphate fraction
) o P=0.122 ) )
Pepsin Inhibition assay 30% Of the ammonium sulphate fraction
(P > 0.05)
. e P =0.056 . .
Trypsin Inhibition assay (P> 0.05) 30% Of the ammonium sulphate fraction

responsible for the inhibitory effect on these digestive enzymes [27]. As men-
tioned earlier since diabetes mellitus type II is one of the chronic disease chal-
lenging today’s world, management of it is highly focused on reducing post
prandial blood sugar level through inhibition of enteric enzymes such as
a-amylase and a-glucosidase [11]. Therapeutic approach mainly targets on these
medical herbs and plant extracts since they are harmless, effective and efficient
[28].

A study conducted by Lawson-Evi ef al, 2011, clearly depicts the inhibitory
nature of P. amarus leave extracts. In this study, alloxan induced diabetic rats
were treated with hydro alcoholic P. amarusleave extracts, aqueous extracts of 2.
amarus leaves and some of them left untreated. Both the groups of rats treated
with P. amarus leaves extract showed significant decrease in blood glucose level
and body weight. Along with regeneration of S cells and high levels of insulin
secretion thereby supporting the principles that these P. amarus leaves have an-
tidiabetic (inhibitory effect on a amylase) and antioxidant properties which will
help to manage diabetes mellitus type II [29].

In this research although there were little fluctuation in the rate of inhibition,
overall it elicits a high inhibitory potential of P. amarus methanolic extract with
increasing concentration. The maximal inhibitory effect for amylase enzyme was
observed at the concentration of 0.32 mg/ml with the P value of 0.0855 (P >
0.05). these results also were supported by scientific research works as well.
However, the methodology adapted indicated that the plant extract exhibited in-
hibition of a-amylase at 0.5 mg/ml. But in here, the rate of inhibition increased
with the increasing concentration of P. amarus extract [30]. Apart from experi-
mental errors 0.32 mg/ml showed maximal percentage of inhibition of 71%.

This might be due to the increasing concentration provides more active com-
ponents of the P. amarus extracts to inhibit the enzyme a-amylase. That’s what
lower concentration 0.08 mg/ml of the extract showed moderate inhibition of
59% due to its moderate chemical compounds available for inhibition. Mean-
while 0.32 mg/ml also provides more number of active sites available thus elicit-
ing an effective inhibition nature of P. amarus.

This inhibition value was somewhat consistent with another study conducted

on methanolic extracts of Phyllanthus amarus leaves by Oyewole, Taiwo and
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Quadri (2014), showed around 79% of inhibition of a-amylase enzyme. Since
there is decreased levels of percentage of inhibition in concentration 0.64 mg/ml
and 1.28 mg/ml than in 0.32 mg/ml, the 0.32 mg/ml concentration could be con-
sidered as the maximum efficient concentration of this plant extract for the in-
hibition of a-amylase enzyme in this assay [30].

Literature show cases that photochemical compounds present in P. amarus
extracts such as Tannins, Lignans, Ellagitannis, Sapannins and Tritepene are
highly responsible for hypoglycemic effect, thereby used as therapeutics to heal
Diabetes mellitus [16].

In pepsin assay the maximum inhibition was noticed at the concentration of
0.08 mg/ml along with 85% of the percentage of inhibition. However the expe-
rimental errors has brought unexpected values for inhibition at some concentra-
tions of the extract, overall inhibition percentage illustrates that the 2. amarus
leave extracts has inhibitory effects on pepsin enzyme as well. In this study, for
the pepsin assay hemoglobin was used as substrate since hemoglobin is also a
type of globular protein. So that pepsin breakdown hemoglobin this enzymatic
reaction was inhibited by P. amarus methanollic leave extract.

This inhibition value was somewhat consistent with a similar study conducted
on alcoholic extracts of Phyllanthus amarus leaves by Abdulla and his colleagues
(2010), showed around 81% of inhibition of pepsin enzyme [31].

According to certain studies they reveal Flavinoids, Glycosides, Tannins and
Lignans in P. amarus methanolic extracts are responsible for the anti-oxidant
property which is also used to inhibit the pepsin enzyme and heal gastric ulcers
[32].

Literature also supports the inhibitory effect of P. amarus on pepsin enzyme.
Even in a study conducted on Indomethacin induced Albino rats with the weight
of 150 - 200 g, were orally administered with methanolic extracts of P. amarus
leaves and some left untreated [32]. The treated rats showed P < 0.05 significant
inhibition of pepsin enzyme and recovery from Indomethacin induced gastric
ulcers. Which supports, the assay results. Although along with 5 different con-
centration of the extract the percentage of inhibition is decreasing. The chemical
compounds found in P. amarus leaves highly supports that this has inhibitory
effects on the pepsin enzyme [33].

In trypsin assay, according to the ANOV A statistical analysis showed P < 0.05
(P = 0.005) which shows a significant relationship between the percentage of in-
hibition with increasing concentration of the plant extract. the high concentra-
tion of 1.28 mg/ml of P. amarus extract showed high percentage of inhibition of
87% to trypsin enzyme.

Moreover, Phyllanthus amarus methanolic extracts shows inhibitory effects
on these three digestive enzymes such as pepsin, amylase and trypsin. Figure be-
low shows the comparison of inhibitory effects of P. amarus on these 3 enzymes
along with their concentrations as shown in Graph 7.

As shown in Graph 8 the thermal stability assay was conducted to evaluate
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Analysis of pepsin, amylase and trypsin inhibitory assays
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Graph 7. Comparison of pepsin, trypsin and amylase inhibitory assays.
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Graph 8. Comparison of thermal stability on pepsin, trypsin and amylase inhibitory assays.

the protein constituents in P. amarus methanolic extract. Also to determine its
impact on the pepsin, amylase and trypsin inhibitory assays. ANOVA statistical
analysis showed amylase (P < 0.05, P = 0.0000089) and trypsin (P < 0.05, P =
0.0000142) inhibitory assays showed a significant relationship between the
thermal stability and the inhibitory effects of the respective enzyme whereas,
pepsin inhibitory assay (P > 0.05, P = 0.059) doesn’t show a significant relation-
ship between thermal stability and inhibitory effect. Apart from the experimen-
tal errors rate on inhibition and thermal stability is high for Amylase >Trypsin >
Pepsin respectively.

The literature also supports that pepsin inhibition of the P. amarus extract was
less along with increasing temperature is because since flavonoids are the main
constituent in the extract which enhances the inhibitory rate of pepsin enzyme,
these flavonoids showed higher degradation rate along with temperature rise [7].
That’s what the rate of inhibition does not show a significant relationship.

According to Graph 9 the ammonium sulphate precipitation assay was done
to purify the proteins in the P. amarus extract and to validate the impact of it
in the protein, trypsin and amylase inhibitory assays. Whereas, only amylase P

< 0.05 which showed a significant relationship between ammonium sulphate
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Graph 9. Comparison of ammonium sulphate precipitation on pepsin, trypsin and amy-
lase inhibitory assays.

precipitation and the percentage of inhibition. The percentage of inhibition was
high at 50% fractionate of ammonium sulphate whereas, for pepsin and trypsin
the P values were P > 0.05 (P = 0.0005).

Apart from the experimental errors studies suggests that due to reversible in-
hibition of enzymes at the fractioning rate might interfere with the rate of inhi-
bition and also it suggests the pH should be maintained constant along the
whole procedure [34].

In a study on P. amarus ammonium sulphate solid was directly added to the
plant extract to get 82% of saturation at the pH of 7.1 [35], where the percentage
of pepsin inhibition was significantly high which shows that higher the satura-
tion percentage higher the protein purification.Also in enzyme analysis ammo-
nium sulphate fractionation play a crucial in the evaluation of specific and total
activities of enzymes [36].

From the research it was well understood that photochemical compounds and
polyphenols present in Phyllanthus amarus are the major key players in the in-
hibition of several enzymes including pepsin, trypsin and amylase. Antioxidant
properties also supports the plant to be the leading choice of interest in thera-
peutics and indigenous medicine. It is also evident these active constituents in 2.
amarus could be effected by temperature, pH and concentrations.

A systemic clinical analysis on the therapeutic effects of P. amarus was done
by [37]. In this study, the fractioning and analysis of the components of P. ama-
rus was examine which showed Tannins acts as the most inhibitor towards all
enzymes and also play a vital role as an anti-oxidant which recently recovered
tumorigenesis in rats diagnosed with hepatic cancer and treated with aqueous 2.
amarus extract [37].

Moreover, Phyllanthus amarus could be suggestive for a potential use of Herb-
drug interaction and supplementation to cure so many disease conditions such

as Diabetes mellitus, Gastric ulcers which result due to overproduction of diges-
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tive enzymes and also it could be treated for Jaundice, inflammatory conditions,
infections and also cancer for its inhibitory affect and antioxidant effect due its
photochemical compounds and polyphenols [29].

The results might vary because of experimental errors. The possible errors

that might occur in the practical process as shown in Table 3.

Future Works

Although the research revealed polyphenols are playing a major role in the inhi-
bitory effect of the extract, these constituents can be individually separated by
high performance liquid chromatography (HPLC) technique so that specific anal-
ysis on inhibition will be accurate.

In vivo analysis of the results obtained should be done to ensure the same ef-
fectiveness is possible within the human system if applied to rule out further
complications to use them as supplements in therapy. Although these extracts
are highly appreciable in therapeutics and medicine, side effects or the health is-
sues though their supplements also should be tested.

Ammonium sulphate fractioning could be purified using analytical techniques
such as HPLC, gel filtration chromatography and ion exchange chromatography
and tested specifically with each active component present in the extract.

Although the components of the plant extract show inhibitory effects towards
Pepsin, Trypsin and Amylase enzymes, analysis should be done further to eva-
luate the period of inhibition and its effectiveness.

Since antioxidant property of the plant extract enhances the inhibitory effect

Table 3. Experimental errors and the relevant precautionary methods [36] [38].

Random errors Systemic errors

Step by step addition of reagents via pipetting Pipette error
could be inaccurate

Reagents are prepared beforehand which might ~ Spectrophotometry reading error
change the composition of the reagents

Incomplete dissolution of amylase, pepsin and ~ Inadequate cleaning of cuvette
trypsin reagent powder

Time interval might give inaccuracy for the Error in reading in the electronic balance
absorbance readings

Precautionary methods

The reagent that initiates the reaction can be prepared in small amounts just before starting the
assay. This can minimize the errors caused as all the reagents are of the same composition

According to literature, enzyme solutions must be concentrated but completely dissolved. Enzymes
can very often go degraded due to environmental stress such as oxidation and activity of proteases.
It is therefore essential that enzymes are not kept exposed to the environment for an extended
period of time. Should also prepared by maintaining all other components such as pH temperature
constant.

pH should be monitored continuously while preparing buffers.

Proper pipetting should be practiced beforehand
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specifically inhibiting pepsin and healing gastric ulcers, inhibitory assays should
be done on lipase enzyme to check for the connection or the antioxidant nature
and the components responsible for it. Since Phyllanthus amarus play a crucial
role in the treatment of jaundice and inflammations. In here milk is used instead
of trypsin. A proper method should be followed to dissolve the trypsin powder
available in the laboratory to ensure that trypsin without any other constituents

which can affect the enzyme activity during the assay.

Conflicts of Interest
The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Karasov, W.H. and Douglas, A.E. (2013) Comparative Digestive Physiology. Com-
prehensive Physiology, 3, 741-783. https://doi.org/10.1002/cphy.c110054

[2] Amit, R. and Pushpa, P. (2016) Assessment of Mechanism of Action of Antidiabetic
Activity of Calocybe indica by Enzyme Inhibitory Activity. Biosciences Biotechnol-
ogy Research Asia, 13, 2117-2123. https://doi.org/10.13005/bbra/2372

[3] Rai, V. and Kumar, P. (2012) Epidemiology Study of Glucose-6-Phosphate Dehy-
drogenase Deficiency in Scheduled Caste Population of India. Journal of Anthro-
pology, 2012, Article ID: 984180. https://doi.org/10.1155/2012/984180

[4] Nagral, A. (2012) Gaucher Disease. Journal of Clinical and Experimental Hepatolo-
gy, 5, 113-121.

[5] Mattar, R., Mazo, D.F.C. and Carrilho, J. (2012) Lactose Intolerance: Diagnosis,
Genetic and Clinical Factors. Clinical and Experimental Gastroenterology, 5, 113-121.
https://doi.org/10.2147/CEG.S32368

[6] Abdel-Fattah, Y.R,, Soliman, N.A., El-Toukhy, N.M., El-Gendi, H. and Ahmed, R.S.
(2013) Production, Purification and Characterization of Thermostable a-Amylase
Produced by Bascillus licheniformis Isolate AI20. Journal of Chemistry, 2013, Ar-
ticle ID: 673173. https://doi.org/10.1155/2013/673173

[7] Afrapoli, F.M., Asghari, B., Saeidnia, S., Anjani, Y., Mirjani, M., Malmir, M., Bazaz,
R.D., Hojakhoondi, A., Salehi, P., Hamburger, M. and Yassa, N. (2012) In Vitro
a-Glucosidase Inhibitory Activity of Phenolic Constituents from Aerial Parts of Po-

lygonum hyrcarnium. DARU Journal of Pharmaceutical Sciences, 20, Article No.
37. https://doi.org/10.1186/2008-2231-20-37

[8] Charter, P.I,, Wicox, M., Cherry, P., Herford, A., Mustar, S., Wheater, H., Brownlee,
I., Seal, C. and Pearson, J. (2016) Inhibitory Activity of Extracts of Hebridean
Brown Seaweeds on Lipase Activity. Journal of Applied Psychology, 28, 1303-1313.
https://doi.org/10.1007/s10811-015-0619-0

[9] Uddin, M.A., Uddin, M., Lira, D.N. and Rouf, A.S.S. (2014) Assessment of Cytotox-
ic Activities of Phyllanthus amarus and Monestera deliciosa. Journal of Applied
Pharmaceutical Science, 4, 110-113.

[10] Bongu, S.B.R,, Sagree, S., Bellamkonda, R. and Desireddy, S. (2016) Protective Role
of Aqueous Extract of Phyllanthus amarus on Oxidative Stress in Pancreas of Strep-
tozotocin Induced Diabetic Male Wistar Rats. Journal of Experimental and Applied
Animal Sciences, 2, 23-30. https://doi.org/10.20454/jeaas.2016.1087

[11] Umoh, E.D., Akpabio, U.D. and Udo, L.E. (2013) Photochemical Screening and Nu-

DOI: 10.4236/aer.2020.81001

16 Advances in Enzyme Research


https://doi.org/10.4236/aer.2020.81001
https://doi.org/10.1002/cphy.c110054
https://doi.org/10.13005/bbra/2372
https://doi.org/10.1155/2012/984180
https://doi.org/10.2147/CEG.S32368
https://doi.org/10.1155/2013/673173
https://doi.org/10.1186/2008-2231-20-37
https://doi.org/10.1007/s10811-015-0619-0
https://doi.org/10.20454/jeaas.2016.1087

C. Uthayakumar, S. Rupert

[12]

(22]

(25]

[26]

trient Analysis of Phyllanthus amarus. Asian Journal of Plant Sciences and Research,
3,116-122.

Tjandrawinata, R.R., Susanto, L.W. and Nofiarny, D. (2017) The Use of Phyllanthus
niruri L. as an Immune Modulator for the Treatment of Infectious Disease in Clini-
cal Setting. Asian Pacific Journal of Tropical Disease, 7, 132-140.
https://doi.org/10.12980/apjtd.7.2017D6-287

Paramayani, I., Paraton, H. and Maat, S. (2005) Comparison of Success Rate of Va-
ginal Candidiasis Treatment between Ketoconazole and Combination of Ketocona-
zole- Phyllanthus niruri Extract. Dexa Media, 18, 97-102.

Micali, S., Sighinolfi, M.C., Celia, A., Destefani, S., Grande, M., Cicero, A.F. and
Bianchi, G. (2006) Can Phyllanthus niruri Effect the Efficiency of Extracorporeal
Shock Wave Lithotripsy for Renal Stones? A Randomized Prospective Long Term
Study. The Journal of Urology, 176, 1020-1022.
https://doi.org/10.1016/j.juro.2006.04.010

Yang, Y., Xiu, J., Liu, J., Zhang, L., Li, X, Xu, Y., Quin, C. and Zhang, L. (2013)
Chebulagic Acid, a Hydrolyzable Tannin, Exhibited Antiviral Activity in Vitro and

in Vivo against Human Enterovirus 71. International Journal of Molecular Sciences,
14, 9618-9627. https://doi.org/10.3390/ijms14059618

Dirjomulijono, M. and Tjandrawinta, R.R. (2008) Clinical Trials Involving Phyllan-
thus Species. Journal of Molecular Sciences, 1, 183-313.

Kazeem, M.I., Adamson, J.O. and Ogunwande, I.A. (2013) Modes of Inhibition of
a-Amylase and a-Glucosidase by Aqueous Extract of Morinda lucida Benth Leaf.
BioMed Research International, 2013, Article ID: 527570.
https://doi.org/10.1155/2013/527570

Sarasetyaningtyas, P.V., Hadinegoro, S.R. and Munasir, Z. (2006) Randomized Con-
trolled Trial of Phyllanthus niruri Linn Extract. Paediatrica Indonesia, 2, 152-159.

Tamil, I.G., Dineshkumar, B., Nandhakumar, M., Senthilkumar, M. and Mitra, A.
(2010) In-Vitro Study on a-Amylase Inhibitory Activity of an Indian Medical Plant
Phyllanthus amarus. Indian Journal of Pharmacology, 42, 280-282.

Mcdougall, G.J. and Stewart, D. (2005) The Inhibitory Effects of Berry Polyphenols
on Digestive Enzymes. BioFactors, 23, 189-195.
https://doi.org/10.1002/biof.5520230403

Glenn, M.J.V.,, Glenn, M. and Gomer, R.H. (2013) Trypsin Potentiates Human Fi-
brocyte Differentiation. PLoS ONE, 8, €70795.
https://doi.org/10.1371/journal.pone.0070795

Kumwenda, C., Dewey, K.G., Hemsworth, J., Ashorn, P., Maleta, K. and Haskell,
M.J. (2013) Lipid-Based Nutrient Supplements Do Not Decrease Breast Milk Intake
of Malawian Infants. American Journal of Clinical Nutrient, 99, 617-623.
https://doi.org/10.3945/ajcn.113.076588

Wingfield, P.T. (2001) Protein Precipitation Using Ammonium Sulfate. Current
Protocol in Protein Science, 2001, 1-10.

Singh, K.P., Kumar, A. and Prasad, R. (2013) Pepsin Assay of the Easiest Approach
for Prescreening of HIV Protease Inhibitors. Journal of Pharmaceutical and Scien-
tific Innovation, 2, 53-56.

Subramanian, R., Asmawi, M.Z. and Sadikun, A. (2008) I Vitro Alpha-Glucosidase
Enzyme Inhibitory Effects of Andrographis paniculata Extract and Andrographo-
lide. Acta Biochimica Polonica, 55, 391-398.

https://doi.org/10.18388/abp.2008 3087
Boisen, S. and Djurtoft, R. (1981) Trypsin Inhibitor from Wheat Endosperm Purifi-

DOI: 10.4236/aer.2020.81001

17 Advances in Enzyme Research


https://doi.org/10.4236/aer.2020.81001
https://doi.org/10.12980/apjtd.7.2017D6-287
https://doi.org/10.1016/j.juro.2006.04.010
https://doi.org/10.3390/ijms14059618
https://doi.org/10.1155/2013/527570
https://doi.org/10.1002/biof.5520230403
https://doi.org/10.1371/journal.pone.0070795
https://doi.org/10.3945/ajcn.113.076588
https://doi.org/10.18388/abp.2008_3087

C. Uthayakumar, S. Rupert

(37]

(38]

cation and Characterization. Cereal Chemistry, 58, 460-463.

Manasa, N. and Ashadevi, J.S. (2015) Impact of Phyllanthus amarus Extracts on
Antioxidant Enzymes in Drosophila Melanogaster. Journal of Applied Biology &
Biotechnology; 3, 43-47.

Verma, S., Sharma, H. and Garg, M. (2014) Phyllanthus amarus. Journal of Phar-
macology and Photochemistry, 1, 224-236.

Lawson-Evi, P., Ekul-Gadegbeku, K., Agbonan, A., Akilkokou, K., Creppy, E. and
Gbeassor, M. (2011) Antidiabetic Activity of Phyllanthus amarus Schum and Thonn
(Euphorbiaceae) on Alloxan Induced Diabetes in Male Wistar Rats. Journal of Ap-
plied Sciences, 11, 2968-2973. https://doi.org/10.3923/jas.2011.2968.2973

Oyewole, O., Taiwo, A.O. and Quadri, N. (2015) Evaluation of Hypoglycemic Effi-
cacy of Methanolic Extracts of Moringa oleifera and Phyllanthus amarus in Diabetic
Rats. British Biotechnology Journal, 5, 98-102.
https://doi.org/10.9734/BB]/2015/13164

Abdulla, A., Peeters, A., Courten, M. and Stoelwinder, J. (2010) The Magnitude of
Association between Overweight and Obesity and the Risk of Diabetes: A Me-

ta-Analysis of Prospective Cohort Studies. Diabetes Research and Clinical Practice,
89, 309-319. https://doi.org/10.1016/j.diabres.2010.04.012

Majeed, W., Khalig, T., Aslam, B., Khan, J.A. and Iftikhar, A. (2015) Medicinal
Plants with Gastroprotective Potential. Bangladesh Journal of Pharmacology, 10,
588-603.

Yuan, L., Wang, M., Zhang, X. and Wang, Z. (2017) Effects of Protease and Non-
Starch Polysaccharide Enzyme on Performance, Digestive Function, Activity and
Gene Expression of Endogenous Enzyme of Broilers. PLoS ONE, 12, €0173941.

https://doi.org/10.1371/journal.pone.0173941

Buchner, N., Krumbein, A., Rohn, S. and Kroh, L. (2006) Effect of Thermal
Processing on the Flavonols Rutin and Quercetin. Rapid Communications in Mass
Spectrometry, 20, 3229-3235. https://doi.org/10.1002/rcm.2720

Nuruddin, M.N. and Al-Jasabi, S. (2016) Characterization of Polyphenol Oxidase
from Phyllanthus amarus Leaves. The International Journal of Medical Science, 1,
29-32.

Purwanto, M.G.M. (2015) The Role and Efficiency of Ammonium Sulphate Preci-
pitation in Purification Process of Papain Crude Extract. Procedia Chemistry, 18,
127-131. https://doi.org/10.1016/j.proche.2016.01.020

Zheng, Z.Z., Chen, L.H,, Liu, S.S., Deng, Y., Zheng, G.H., Gu, Y. and Ming, Y.L.
(2016) Bioguided Fraction and Isolation of the Antitumor Components from Phyl-
lanthus niruriL.. Biomedical Research International, 2016, Article ID: 9729275.
https://doi.org/10.1155/2016/9729275

Shetti, A.A., Sanakal, R.D. and Kaliwal, B.B. (2012) Antidiabetic Effect of Ethanolic
Leaf Extract of Phyllanthus amarus in Alloxan Induced Diabetic Mice. Asian Jour-
nal of Plant Science and Research, 2, 11-15.

DOI: 10.4236/aer.2020.81001

18 Advances in Enzyme Research


https://doi.org/10.4236/aer.2020.81001
https://doi.org/10.3923/jas.2011.2968.2973
https://doi.org/10.9734/BBJ/2015/13164
https://doi.org/10.1016/j.diabres.2010.04.012
https://doi.org/10.1371/journal.pone.0173941
https://doi.org/10.1002/rcm.2720
https://doi.org/10.1016/j.proche.2016.01.020
https://doi.org/10.1155/2016/9729275

	Evaluation of the Inhibitory Effect of a Medicinal Herb Phyllanthus amarus on the Activity of α-Amylase, Pepsin and Trypsin
	Abstract
	Keywords
	1. Introduction
	1.1. Phyllanthus amarus and Its Medical Properties
	1.2. Importance and the Inhibitory Effects of P. amarus Leaves Extract on α-Amylase, Pepsin and Trypsin Enzymes
	1.3. Importance of Ammonium Sulphate Fractionation and Thermal Stability

	2. Materials and Methods
	2.1. Materials
	2.1.1. Plant Materials
	2.1.2. Chemicals
	2.1.3. Equipment

	2.2. Methods
	2.2.1. Plant Material Preparation
	2.2.2. Hydro Methanolic Plant Extract
	2.2.3. Hydro Methanolic Plant Extract

	2.3. Methodology for Assays
	2.3.1. Pepsin Inhibition Assay
	2.3.2. α-Amylase Inhibition Assay
	2.3.3. Trypsin Inhibition Assay
	2.3.4. Thermal Stability Assay
	2.3.5. Inhibitory Assays on Ammonium Sulphate Precipitation Assay


	3. Results and Discussion
	3.1. Results for the Inhibition Assays
	3.2. Results for the Thermal Stability Assays of the Three Enzymes
	3.3. Enzyme Inhibitory Assays on Ammonium Sulphate Precipitation

	4. Discussion
	Future Works

	Conflicts of Interest
	References

