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Abstract: The present study aimed to establish relationship between urease and alpha-amylase inhibitory activities on
the one hand and on the other between anti-enzymatic activities and total phenolic contents of the methanolic extract of
roots of Rumex acetosella and its fractions in various solvents. The methanolic extract and its fractions in chloroform,
ethyl acetate, n-butanol and water showed remarkable inhibitory activities against both urease and alpha-amylase, there
was a close correspondence between urease and alpha-amylase inhibitory activities of the plant samples. The n-butanol
fraction which had the highest total phenolic content (252.194£2.32 pg of Gallic Acid Equivalents/mg of dry mass of the
sample) showed prominent activity against both urease and alpha-amylase indicating a possible role of phenolics in
inhibiting the activities of these enzymes. The samples displayed enzyme inhibitory activities in a dose dependent
manner and their effectiveness was comparable with that of the standards, thiourea (for urease) and acarbose (for alpha-
amylase). The samples were manifold more effective against urease than alpha-amylase; 2.8 mg/mL of MeOH extract
produced about 81% inhibition in alpha-amylase activity, while only 10 ug/mL of the extract was required to create the
same inhibition in urease activity. The ICs, values of methanolic, chloroform, ethyl acetate, n-butanolic, aqueous and
standard solutions were 1.29, 1.31, 1.90, 1.38, 0.85 and 1.20 (mg/mL) respectively against alpha-amylase and 0.99,
3.89, 1.76, 0.91, 0.85 and 0.97 (ug/mL) respectively against urease. The total phenolic content in MeOH, hexane,
chloroform, ethyl acetate, n-butanol and water fractions was 108.88+2.65, 43.70+1.90, 34.444+2.30, 230.71£1.78,

252.1942.32 and 94.07+2.25 respectively.
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INTRODUCTION

Urease is an important enzyme that converts urea into
ammonia. Its activity has been shown to have link with a
number of clinical conditions like development of
gastrointestinal ulcers, kidney stones and pyelonephritis.
In gastrointestinal track, urease is excreted by bacterium
helicobacter pylori as a mechanism to survive in the
acidic environment of the stomach. The enzyme converts
urea into ammonia which neutralizes the acid around the
microorganism. It has been estimated that more than 80%
of humanity in the developing nations and overall more
than 50% worldwide suffer from H. pylori infection
(Logan and Walker, 2001). By inhibiting urease activity,
the infection by H. pylori can, thus, be avoided. Urease
inhibitors are therefore considered to be potential anti-
ulcer drugs (Hassani et al., 2009; Arfan et al., 2010).
Another possible application of urease inhibitors is in the
field of agriculture where urea fertilizers are converted by
microbial urease into ammonia. Abnormally enhanced
release of ammonia into atmosphere has adverse
environmental and economic consequences which can be
minimized by the use of suitable urease inhibitors
(Giocchini et al., 2002; Harrison and Webb, 2001;
Ledgard, 2001).
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Alpha-amylase inhibitors can play a role in control of
diabetes mellitus by controlling blood glucose level, or
hyperglycemia. Although a number of types of diabetes
have been identified, 90 percent of the diabetic patients
are victims of diabetes type 2. While type 1 diabetes is the
result of the inability of pancreas to produce insulin, the
type 2 is the outcome of abnormal secretion of insulin or
inability of body to use the insulin it produces (Jarald et
al. 2008; Funke and Melzig, 2006). The patients of type 1
diabetes have to depend on exogenous insulin for
survival. Type 2 diabetes appears to be one of the major
human health concerns in the 21% century both in the
developed as well as developing countries (Odhav et al
2010). According to WHO (2011) there were more than
171 million patients of diabetes world-wide in 2006, and
the number will increase to 366 millions in 2030 if the
trend goes unchecked. The enzyme alpha-amylase
converts starch polymers into smaller which subsequently
change into glucose (Hara and Hond, 1990). Inhibition of
alpha-amylase has been shown to reduce the bio-
availability of glucose (Payan, 2004; Matsui et al., 2001;
Braodhurst et al., 2000). Based on these studies, it is
postulated blood glucose level can be regulated by the use
of alpha-amylase inhibitors (Kim et al., 2000; Ali et al.,
2006). A number of synthetic alpha-amylase inhibitors,
like acarbose, are available but their prolonged use may
cause severe side effects (Fred-Jaiyesimi et al., 2009).
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Natural alpha-amylase inhibitors from plants are a better
option to control postprandial hyperglycemia with no or
very little side effects (Sudha et al 2011; McCue and
Shetty, 2004; Kasote et al., 2011; al-Azzawie and al-
Hamdani, 2006; Funke and Melzig, 2006).

Rumex acetosella (family Polygonaceae) is a herb found
in many parts of the world (Hatfield, 2004). The plants of
Rumex, a large genus containing about 250 species, are
known for different pharmacological activities including
antimicrobial, anti-inflammatory, anti-analgesic and
antioxidant (Yadav et al., 2010; Tavares et al., 2010;
Gautam et al., 2010). In folkloric medicine, R. acetosella
is used for the treatment of tumors, cancers, and diseases
related to liver and urinary/kidney functions (Kemper,
1999). Phytochemical investigations on the plant by a
number of workers has yielded flavonoids, phenolic
compounds and terpenoids (Yuan et al., 2001; Shuying et
al., 2011; Abd el-Fattah et al., 1994; Cui et al., 2005).
Our previous work showed the plant leaves possessed
notable antioxidant and free radical scavenging
properties. The present work aimed to investigate urease
and alpha-amylase inhibitory activities of the methanolic
extract of the roots of R. acetosella and its sub-fractions
in chloroform, ethyl acetate, n-butanol and residual water.
The total phenolic contents of the methanolic extract and
its fractions in different solvents were also determined to
explore possible relationship between phenolics and anti-
enzyme activities of the plant samples.

MATERIALS AND METHODS

Collection and preparation of plant material

Rumex acetosella plants were collected from the northern
hill station Abbottabad, Pakistan, in June 2010. Roots
along with the adjoining woody part of the herb were
separated and kept in shade at room temperature to dry for
15 days before they were crushed and ground to obtain a
fine powder. The powder (200 g) was extracted in 100%
methanol (900 mL) at room temperature for 15 days. The
extract was filtered and the solvent was evaporated under
reduced pressure, using rotary evaporator, at 30°C to
obtain crude methanolic extract (10.398 g). For
fractionation, a suspension of the methanolic extract (8.0
g) was prepared in water (80 mL) and extraction was
carried out with hexane, ethyl acetate, chloroform and n-
butanol respectively. The hexane, ethyl acetate,
chloroform, n-butanolic and residual aqueous fractions so
obtained were dried under reduced pressure and weighed
to calculate percent yields on the basis of dried
methanolic extract.

Chemicals

Folin-Ciocalteu reagent was purchased from Sigma
Aldrich while Gallic acid from Scharlau-Switzerland.
Urease (Jack Bean) was purchase from Avonchem and
alpha-amylase (Aspergillus oryzae) from Unichem and

acarbose from Baeyer, Pakistan. All other chemicals used
in the study were of analytical grade. UV-Visible
Spectrophotometer UVD-3200 Labomed, Inc. was used to
record absorbance.

Total phenolic contents

The total phenolic content was determined using the
method reported by Slinkard et al. (1977). Plant samples
were prepared by dissolving 3 mg of the MeOH extract or
any of its fractions in 10 mL of methanol. In a glass
cuvette, 40 puL of a plant sample or the standard (Gallic
acid), 3.16 mL of distilled water and 200 pL of Folin-
Ciocalteu reagent were mixed, and after an interval of 8
min, 600 pL of sodium carbonate (7%) solution was
added. The glass cuvette was then incubated at 40°C for
30 min. Absorbance was recorded against a blank at 765
nm and the total phenolic contents present in different
samples were expressed as micrograms per milliliter of
Gallic Acid Equivalents (pg/mL of GAE). The blank
consisted of 40 uL of methanol instead of plat sample.

Urease inhibitory assay

Urease inhibitory activities of the methanolic extract of
Rumex acetosella roots and its sub-fractions in different
solvents were determined according to the protocol
reported by Ghous et al. (2010) based on the method
proposed by Weatherburn (1967). After dissolving the
plant sample (methanolic extract or any of its fractions) in
phosphate buffer (25 mL, pH 7.0), it was stored at 4°C till
further use. Then, different dilutions (0.1-20 pg/mL) of
this solution were made to prepare test solutions of the
extract. To a test solution (1 mL) of sample or standard
taken in a test tube, 15 pL of urea (0.08 g/mL), 485 pL of
phosphate buffer and 2.5 mL of Reagent 1(consisting of 5
mg/mL urease, sodium salicylate 60 mmol/L, EDTA 1
mmol/L sodium nitroprusside 5 mmol/L, and phosphate
buffer 120 mmol/L) was added, and after incubating the
mixture at 37°C for 5 min, 2.5 mL of Reagent 2
(consisting of NaOH 400 mmol/L, and NaOCl (sodium
hypochlorite) 10 mmol/L and phosphate buffer 120
mmol/L) was added. After incubating the reaction mixture
at 25°C for 10 min, absorbance was measured on UVD-
3200 Labomed, Inc. UV-visible spectrophotometer at 625
nm against the blank. The blank contained 500 pL of
phosphate buffer, and 2.5 mL of each of the Reagent 1
and 2. The Reagent 2 was added without prior incubation
of the mixture. The control contained all the reagents
except the sample. The percent inhibition was determined
using the formula:

% Urease Inhibition = [(A. — A)/A.] x 100

Here A is the absorbance of the sample under study while
A, is the absorbance of the control. Each experiment was
repeated thrice and average was calculated. Thiourea was
used as a positive control. The % Inhibition was plotted
versus the concentration of a sample and a logarithmic
regression curve was established to calculate the ICs,
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Table 1: Procedure to determine urease inhibitory activities of methanolic extract of Rumex acetosella roots and its

fractions
Extract Urea (uL) | Buffer (uL) | Reagent1 | Incubationat| Reagent2 |Incubation at
(mL) (mL) 37°C (min) (mL) 25°C (min)
Test 1 15 485 2.5 5 2.5 10
Blank 1 - 500 2.5 - 2.5 -
Control - 15 485 2.5 5 2.5 10

Table 2: Procedure to determine alpha-amylase inhibitory activities of methanolic extract of Rumex acetosella roots

and its fractions

Extract | DMSO | Enzyme Pre- . DNS | Starch | Incubation | DNS | Heating Dilution
Incubation o o with water
(mL) (mL) (mL) at 25°C (mL) | (mL) at 25°C (mL) | at 85°C (mL)
Test 1 - 1 30 min 1 3 min 1 15 min 9
Blank 1 - 1 30 min 1 3 min - 15 min 9
Control - 1 1 30 min 1 3 min 1 15 min 9

value for each sample which is the concentration of the
given sample required to inhibit the activity of urease by
50 percent.

Alpha-amylase inhibitory assay

The alpha-Amylase inhibitory activities of the plant
samples were carried out according to the method
reported by Nickavar et al. (2006). The starch solution
(0.5% w/v) used as the substrate was prepared by boiling
potato starch in distilled water for 15 min. The enzyme
solution was prepared by dissolving 1 mg of alpha-
amylase in 20 mM phosphate buffer (100 mL, pH 6.9).

The sample solutions were prepared in DMSO (dimethyl
sulfoxide) in different concentrations (0.1 to 3.6 mg/mL).
The DNS solution (20 mL 96 mM 3,5-dinitrosalicylic
acid, 12 g sodium potassium tartrate in 8§ mL of 2 M
NaOH and 12 mL deionized water) was used as the
coloring reagent of reaction. Three sets of experiments
were conducted: test, blank and control. A mixture of 1
mL of each of the test and enzyme solutions, in a test
tube, was incubated at 25°C for 30 min. Then, after taking
out 1 mL from this mixture, 1 mL of the abovementioned
starch solution was added and the mixture was incubated
at 25°C for 3 min. Finally, | mL of the DNS solution was
added. The tube was then covered and heated in water
bath at 85°C for 15 min. After cooling the tube, the
reaction mixture was diluted with distilled water (9 mL).
It was mixed well and the absorbance was recorded at 540
nm. In case of blank, the DNS solution was added prior to
the addition of the starch solution, while rest of the
method was same as for the test. For control, all
procedure was again the same except that plant extract

was replaced by 1 mL of DMSO. Acarbose, a well-known
anti-diabetic medicine, was used as a positive control. The
percentage inhibition was calculated by the formula: %
Inhibition = [ (A, — A;) /A.] x 100

Here A is the absorbance of the given sample while A,
the absorbance of control. The ICs, values for alpha-
amylase inhibition were calculated by the same method
used for urease inhibition.

STATISTICAL ANALYSIS

Each test was conducted three times to ensure
reproducibility and the results were expressed as mean of
three readings. One way ANOVA was applied and the
results were correlated.

RESULTS

Total phenolic contents

The phenolic contents of MeOH extract of the roots of R.
acetosella and its sub-fractions in different solvents were
measured in terms of Gallic acid equivalents and the
results are shown in table 3. The n-butanolic fraction
showed the highest total phenolic content (252.19 pg/mL
of GAE), while the chloroform fraction showed the
lowest (34.44 ng/mL of GAE). Second highest phenolic
content was in ethyl acetate fraction (230.71 pg/mL of
GAE) followed by residual aqueous (94.07 pg/mL of
GAE).

Pak. J. Pharm. Sci., Vol.26, No.3, May 2013, pp.553-559

555



Study of phenolic content and urease and alpha-amylase inhibitory

Table 3: Total phenolic content of methanolic extract of
roots of Rumex acetosella and its fraction in various
solvents expressed as pg of Gallic Acid Equivalents/mg
of dry mass of the sample.

S.No. | Extract/Fraction Phenolic content
1. Crude Methanolic Extract 108.88 £2.65
2. n-Hexane 4370 +£1.90
3. Chloroform 34.44 £2.30
4. Ethyl acetate 230.71 +1.78
5. n-Butanol 252.19+£2.32
6. Aqueous 94.07 £2.25

Urease inhibitory assay

Urease is a nickel-containing enzyme found in plants,
fungi and bacteria. Urease inhibitory activity of the plant
samples was determined by indophenol method based on
Berthelot reaction, and the results are exhibited in Table
4. In this method, urease is allowed to catalyze the
conversion of urea into carbon dioxide and ammonia. The
ammonia thus produced is reacted with salicylate and
sodium hypochlorite in the presence of sodium
nitroprusside forming an indophenol product (A, is 625
nm). The reaction can be shown as follows:

Urease
HzN-CO-NHz + Hzo —_— 2NH3 + COZ
Urea

Nitroprusside
NHj;+Salicylate+tNaOCl ———3 Dicarboxy indophenol
OH

The intensity of the colour is a measure of the urease
activity. An inhibitor retards urease activity and thus

formation of indophenol is suppressed resulting in the
decrease of absorbance.

Alpha-amylase inhibitory assay

The alpha-Amylase inhibitory activity of plant samples of
Rumex acetosella was determined using the chromogenic
method designed by Bernfeld (1955) with some
modifications and the results are displayed in the Table 5.
In this method alpha-amylase is allowed to hydrolyze
starch and maltose so produced reacts with 3,5-
dinitrosalicylate and the reaction is monitored
spectrophotometrically at 540 nm.

DISCUSSION

The high content of phenolic compounds in polar solvents
was due to the fact that phenolics contain polar OH
groups. It is known that the phenolic compounds possess
great potential to scavenge free radicals and show
antioxidant activities (Miliauskas et al., 2004).

The methanolic extract of the roots of Rumex acetosella
and its sub-fractions in different solvents exhibited
remarkable urease inhibitory activity. In general, the
activity was comparable to that of thiourea which was
used as standard. Both the samples and standard showed
inhibitory activity in a concentration dependent manner.
As the Table 4 shows, the ICs, values of residual aqueous
and n-butanolic fractions, 0.85 and 0.91 respectively were
lower than that of thiourea (0.97), which was almost equal
to that of methanolic extract (0.99).

The polar fractions having higher total phenolic contents

Table 4: Dose dependent urease inhibitory activities and 1Cs, values of extract/fractions of Rumex acetosella roots in

different solvent against thiourea standard

S. Concen. %Inhibition
No. | (ug/mL) MeOH CHCl; EtOAc n-BuOH H,O Thiourea
1 0.1 02.34+0.98 00.96+2.33 03.45+1.75 04.01£0.67 03.87+£3.56
2 0.20 13.93+0.22 06.82+0.99 10.21+1.14 15.34+0.33 18.65+0.14 16.45+1.84
3 0.40 24.56+0.45 14.34+0.56 22.56+0.32 26.12+1.55 27.06£0.56 28.68+1.39
4 0.60 33.11£1.29 23.61+1.76 31.90+0.48 32.34+2.98 39.65+0.09 39.83£1.76
5 0.80 41.76+2.20 29.45+1.48 38.74+0.29 45.44+1.79 48.07+0.41 46.09+1.05
6 1.00 52.23+0.88 37.90+£1.33 45.04+0.75 56.98+1.86 55.19£1.77 51.04+2.54
7 2.00 62.46+0.25 44.734£0.59 52.85+0.28 60.41£0.17 63.37+1.09 55.21£1.53
8 4.00 66.26+1.04 51.41+£0.23 59.30+0.23 64.03£0.79 70.78+0.18 59.45+0.26
9 6.00 70.56+0.22 56.66+=0.38 63.92+0.31 70.27+0.40 73.50+1.68 64.23+0.33
10 8.00 75.32+1.28 60.62+0.25 69.05+0.36 75.09+0.46 77.73£0.14 70.23+1.14
11 10.00 81.89+1.44 64.38+0.65 72.86+0.69 79.13£0.10 82.93+0.74 74.98+1.45
12 12.00 85.26+0.62 67.50+£0.08 75.39+£0.52 82.80+0.05 84.58+0.79 79.67+£2.76
13 14.00 89.08+0.17 71.58+0.37 77.72+£0.13 86.48+0.37 88.72£1.78 83.61+£0.67
14 16.00 92.26+1.06 73.61+£0.27 80.71+£0.46 89.29+0.40 93.88+0.71 89.50+£0.45
15 18.00 94.61+0.21 78.83+£0.39 83.39+0.30 91.77+0.07 95.11+0.46 92.13£0.66
16 20.00 96.35+0.13 81.29+0.13 87.74+0.27 93.39+0.75 97.36+0.13 95.03+£3.94
ICs0 (ng/mL) 0.99 3.89 1.76 0.91 0.85 0.97
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Table 5: Dose dependent alpha-amylase inhibitory activities and ICs, values of extract/ fractions of Rumex acetosella

roots in different solvents against acarbose standard

S. Conc. %Inhibition

No. | (mg/mL) MeOH CHCl, EtOAc n-BuOH H,O Acarbose
1 0.1 02.01+0.21 01.79+2.13 02.77+1.93 03.53£1.65
2 0.20 10.06+1.89 06.88+2.56 07.14+0.22 09.13+0.67 11.23£0.66 14.11+0.48
3 0.40 19.76+2.30 14.20+1.76 11.45+0.78 15.43£0.19 23.47+0.99 20.63+0.74
4 0.60 27.31+0.11 25.15+0.89 21.32+0.81 22.78+0.77 35.56+3.34 29.72+1.23
5 0.80 39.98+1.50 33.46+0.45 28.79+0.36 32.64+0.27 44.71+3.66 37.44+2.22
6 1.18 44.51+1.17 43.65+0.92 32.05+0.50 43.20+0.34 57.89+0.82 45.51+0.49
7 1.47 56.51+0.49 55.07+0.48 39.66+0.83 51.27+0.48 69.31£1.82 54.89+0.28
8 1.84 64.85+0.36 62.55+1.19 47.07+1.19 67.00+0.41 76.17+0.71 66.77+0.45
9 2.30 72.87+0.86 67.24+0.97 62.58+0.97 72.95+0.92 83.20+0.21 78.00+0.36
10 | 2.80 81.33+0.10 70.47+0.28 75.24+0.28 79.11+0.66 90.59+0.36 86.95+0.92
11 | 3.60 91.79£1.03 74.61£1.47 83.37+1.93 85.59+0.98 94.85+0.51 93.88+0.86

ICso (mg/mL) 1.29 1.31 1.90 1.38 0.85 1.20

showed better urease inhibitory activity that may indicate REFERENCES

a possible involvement of phenolic compounds in urease
inhibition. This is in accordance with the findings of
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