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Evaluating the Effect of Foeniculum Vulgare Extract On
Enzymes Related With Blood Pressure and Diabetes (In
Vitro Study)
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Abstract—This study was conducted to evaluate the effect of
various extractions conditions for phenolic compounds from F.
vulgare on biological properties including angiotensin converting
enzyme (ACE), a-amylase and a-glucosidase inhibitory activities.
Contents of extracted phenolic compounds from F. vulgare were
evaluated using different extraction conditions include different
times, temperatures and solvents. The extracted phenolic
compounds were subjected to evaluate the optimum extraction
conditions of inhibitory activities (%) of ACE, a-amylase and
a-glucosidase enzymes. Results showed that the maximum content
of extracted phenolic compounds was found in mixture of
methanol and water at 45 C° for 8 hrs. On the other hand, the best
extraction conditions with maximum value of inhibitory activity of
ACE were found in methanol extract at 37 C° for 8 hrs (50.8%).
Through optimization process, it was observed that a-glucosidase
and g-amylase inhibition levels were methanol extract at 25 C° for
8 hrs with values of 82.26% and 82.43% respectively. It may be
concluded that the extracted phenolic compounds from F. vulgare
have higher effect as antidiabetic and moderate effect as
antihypertensive.
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I. INTRODUCTION

Hypertension and diabetes are interrelated metabolic
disorders (Bakris et al., 2000). One of the major determinants to
the development of T2DM is postprandial hyperglycemia.
According to Ceriello et al. (2005) postprandial hyperglycemia
refers to the abnormal blood glucose level after a meal, usually
caused by insulin resistance or combined with insulin
deficiency. It is therefore essential to understand that the
majority of blood glucose comes from the hydrolysis of dietary
carbohydrates by pancreatic a-amylase and intestinal
a-glucosidase (Grabitske and Slavin, 2009). A potential
hyperglycemia treatment focuses on the inhibition of these
enzymes, causing retardation in carbohydrate digestion and
subsequently reducing glucose absorption rate into the
bloodstream (Nathan et al., 2006).

Digestive enzymes related T2DM would delay the
degradation of starch and oligosaccharides, which would in turn
cause a decrease in the absorption of glucose and consequently
inhibit the increase in postprandial blood glucose. In particular,
a-amylase and a-glucosidase participate in glucose digestion
are considered as key enzymes that can control postprandial
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hyperglycemia (Ali et al., 2006; Lee et al, 2007).
Alpha-amylase is present in both salivary and pancreatic
secretion (Ramasubbu et al., 2004). It is responsible for
cleaving of large malto-oligosaccharides to maltose, which is
then a substrate for intestinal o-glucosidase. Several studies
evaluated the ability of plant extracts and compounds to inhibit
both a-amylase and a-glucosidase (Conforti et al., 2005;
Kotowaru et al., 2006).

Hypertension is responsible for 50%-80% of deaths in people
with diabetes (Shlipak et al., 2001). Hypertension is high
pressure in the arteries that carry blood from pumping heart to
all the tissues and organs of the body. It is mainly two types:
Primary or essential hypertension has no specific cause which
may contribute to increase in blood pressure (kumar et al.,
2011). Secondary hypertension caused by underlying diseases
like renal damage, pheochromocytoma, muscular disorders
which may eventually result in cerebrovascular accidents and
cardiovascular disease (Segura and Ruilope, 2006). Excessive
activation of the renin angiotensin system (RAS) has been
considered to be a main cause of hypertension which regulated
by angiotensin converting enzyme (ACE) (Appel, 2010). ACE
inactivates the wvasodepressor compound bradykinin and
activates the potent vasoconstrictor and growth-promoting
substance angiotensin 11 by the removal of the carboxy-terminal
dipeptide of angiotensin | (Paul et al., 2006). The importance of
ACE inhibitors in the chronic treatment of various
cardiovascular diseases established and several ACE inhibitors
are currently used in the treatment of hypertension (Carson,
2000).

Foeniculum vulgare commonly known as fennel is one of the
widespread annual or perennial plants with aromatic odor. It
was native to Southern Europe and Mediterranean region
(Oktay et al., 2003). Vulgare and Piperitum two important
subspecies of fennel. F. Piperitum, with bitter seeds, and is
characterized by the presence of rotundifolone, while F.
vulgare, with sweet seeds varied with estragole, trans-anethole,
limonene and fencing, by which different chemo types can be
divided (Muckensturm et al., 1997). Little information has been
reported about the anti-diabetic and anti-hypertensive
properties of aerial parts of F. vulgare.

The present study however attempt to investigate the
optimum extractions conditions for phenolic compounds from
F. vulgare using different times, temperatures, and solvents
andthen to study the biological properties of phenolic extracts
(inhibitory activities of angiotensin converting, a-amylase and
a-glucosidase enzymes).
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Il. MATERIALS AND METHODS

A. Plants Materials

F. vulgare was collected from Irbid city that lies 65 km north
the capital Amman, the aerial parts F. vulgare was air dried and
shade, the leaves of F. vulgare were ground in an electric
grinder to give a fine powder.

B. Optimization of Extraction Conditions

The bioactive compounds were extracted based on procedure
described by Preva-uzunalic et al. (2007) with modifications.
The optimization contents and biological properties of phenolic
compounds using the following extraction parameters including
temperature, time and solvent were studied. One gram of plant
sample was subjected to the following extraction conditions
including time; 0.5, 1, 2, 4, 6 and 8 hrs. using 25 ml of different
extraction solvents; methanol (ME), acetone (AC), distilled
water (DW), and combination of solvents at different extraction
temperatures; 25, 37 and 45°C. The extract was filtered into 25
ml volumetric flask using whatman No.2 filter paper. The
extract volume was completed to final mark of volumetric flask.
The free and bound phenolic compounds were extracted from
F. vulgare as described by the method of Alu'datt et al. (2012).

C. Determination of inhibitory activity of ACE

The inhibitory activity of ACE was determined in vitro using
the method of Cushman and Cheung (1971) with some
modifications (Alu’datt et al, 2012).

D. Determination of inhibitory activity of a-glucosidase

The inhibitory activity of a-glucosidase was evaluated using
the method previously described by Bernfeld (1955) with
modifications (Alu'datt et al., 2012).

E. Determination of inhibitory activity of a-amylase

The inhibitory activity of o-amylase was determined
according to the method described by McCue et al. (2005).
With modifications (Alu'datt et al., 2012).

All experiments were performed at least in duplicates.
Analysis at every time point from each experiment was carried
in duplicates. Means and standard errors were calculated from
duplicates within the experiments and analyses were done using
the procedure of SAS Version 8.2 software package (SAS 2002
Institute Inc., Gary, NC, USA). The results were statistically
analyzed by least significant deference (LSD) Statistical
significance was accepted at a level of P < 0.05.

STATISTICAL ANALYSES

IV. RESULT AND DISCUSSION

A. Effect of extraction solvent conditions on contents of
phenalic compounds

Table 1. Shows the effect of extraction solvent conditions on
the total content of phenolic compounds using methanol,
acetone, water and mixture of solvents at 18°C for 1 hr. The
content of phenolic compounds was varied significantly using
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different solvents and mixtures of extraction conditions. Result
indicates that the maximum content of phenolic compound was
obtained in mixture of methanol and water extract (1:1) with
values of 36.89 mg/g. While the lowest contents of phenolic
compound were obtained in methanol and acetone extract with
value of 12.27 mg/g. The variations in contents of phenolic
compounds in extracts may be related to chemical composition
and structure of phenolic compounds which had a wide range of
polarity (Gonz” alez et al., 2010).

B. Effect of Extraction Solvent of extracted phenolic
compounds on Inhibition of ACE and diabetic enzymes

Table 1 shows Effect of Extraction Solvent of extracted
phenolic compounds on Inhibition of ACE and diabetic
enzymes .The maximum capacity of ACE inhibition for
phenolic extracts was observed in a combination of methanol,
acetone and water mixture (1:1:1) extract with a value of
26.53%. The minimum capacity of ACE inhibition of phenolic
extract was obtained in a combination of acetone and water
mixture (1:1) with value of 9.22% (Table 1). The inhibitory
activity of ACE of peptides can be extracted by organic solvents
including enzyme hydrolysis and microbial fermentation (Choi
et al., 2001). The ACE inhibitory activity of extracted phenolic
compounds from pulverized mushroom and sonicated broccoli
were higher in water extract as compared to organic solvents
extractions (Lee et al., 2004). Castro et al. (2000) reported that
the ACE inhibitory activity of water and ethanol extractions
from F. vulgare were 50 and 61%, respectively.

TABLE |: EFFECT OF EXTRACTION SOLVENT ON TOTAL PHENOLIC
COMPOUNDS CONTENT (MG/G) ***, ACE INHIBITOR ACTIVITY (%),
A-GLUCOSIDASE INHIBITOR ACTIVITY (%) AND A-AMYLASE INHIBITOR

78

ACTIVITY (%) AT 18°C/1HR FOR F. VULGARE PLANT
Total Inhibitor | Inhibitor Inhibitor
Extraction Solvent henolic activity activity of | activity of
P of ACE a-amylase | a-glucosidase
Methanol:Acetone: ab* a b b
D.W”(1:1) 33.35 26.53 32.15 19.97
Distilled water: b ¢ ¢ c
Acetone (1:1) 31.2 9.22 25.91 15.94
Methanol: Distilled | 35 692 | 179" | 13620 | 16.69°
water (1:1)
Methanol: c a a a
Acetone(1:1) 12.27 24.59 48.35 34.72
SE™ 1.37 | 0.76 1.49 0.65
*values with different letters in the same column are significantly different at
p<0.05

**D.W =distilled water

*** The values are means for two replicates and expressed as mg of Gallic
acid equivalent (GAE)/g(of dry matter from the sample).

****SE=Standard

The highest value of a-glycosidase inhibition was obtained in
a mixture of methanol and acetone extract with a value of
34.72%. However, the lowest value of inhibition level of
a-glycosidase was found in mixture of acetone and water extract
(15.94%). McCue. (2005) reported that the inhibitory activities
of a-glucosidase in water extracts of soybean were in the range
of 1 tol. 2%. The methanol extract of eucalyptus gave the
inhibitory activities of a-glucosidase with range values of 20 to
93% (Basak et al., 2010). Table 1.

In this study, the maximum value of a-amylase inhibition level
was obtained with a mixture of methanol and acetone extract
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with value 48.35%. While the lowest value of a-amylase
inhibitory level was obtained with a mixture of methanol and
water extracted (13.62%).

In study conducted by Mohamed et al. (2010) reported that
bioactive compounds of F. vulgare extracted by different
solvent, methanol, ethanol and acetone. They observed the
methanol was best solvent to give bioactive components could
be flavonols or phenolic acids. According to Maria et al. (2011)
these compounds link between polyphenols and anti-diabetes
activity of herbal extracts. In addition, in-vitro a- amylase
inhibitory activity of the leaf and flower extracts of six
ornamental plants have been evaluated. The comparative study
proves that most of the organic solvents of these plants possess
high inhibitory activity in their organic extracts which shows
that the inhibitory compound might be an organic substance and
non-polar (Bhandari and Jong, 2008).

C. Effect of Extraction Time at 25C° on the Content of
Phenolic, ACE and Diabetic enzymes in F. vulgare

Table 2. Demonstrate the effect of time at 25C° of extract on
total phenolic content using methanol extraction in F. vulgare
plant. The content of phenolic extracted from F. vulgare plant
increased gradually from 0.5 hr. to 8 hr.

TABLE II: CONTENT OF PHENOLIC COMPOUNDS (MG/G) , ACE INHIBITOR
LEVEL (%), A-GLUCOSIDASE INHIBITORY LEVEL (%) AND A-AMYLASE
INHIBITORY LEVEL (%) FOR METHANOL EXTRACT USING DIFFERENT

TIME AT 25 C°

25C°
Biological
properties ”

05h | 1n 2h 4h 6h gh SE
Total phenol™ 12,09 | 14.81° | 14.62° | 14.88° 14.68° 15.2° 0.24
ACENONOY | 300 | 4532 | 13457 | 1578 | 1637 | s3d | 172
mﬂ‘{fﬁ;l ool | 5595 | 4708 | 5140 | 6337 | 612’ | 8243 | 297
mlbulfgf;dfes\fel 1743 | 3755 | 4247 | 4351° | 4754 | s226° | 115

*values with different letters in the same row are significantly different at
p<0.05

** The values are means for two replicates and expressed as mg of Gallic acid
equivalent (GAE)/g (of dry matter from the sample).

***SE=Standard error

The highest yield of phenolic compounds at 25°C was at 8 hrs.
with a value of 15.20 mg/g. While the lowest yield was at 0.5 hr.
with a value of 12.09. Onofre et al. (2007) reported that the
phenolic yield in rice bran was increased with increasing time.
Results in Table. 2. Revealed ability of F. vulgare extract to
ACE inhibition was observed at 1 hr. (45.32%). The less ability
to ACE inhibition level was 13.45%.

Effect of extraction time at 25°C on diabetic enzyme level of
F. vulgare plant was demonstrated in Table 1. Results revealed
that a-glucosidase inhibitor effectiveness of F.vulgare extract
was 82.26% obtained at 8 hrs. However the less effective to
inhibition level for a-glucosidase was obtained at 0.5 hr. with
value of 17.43%. While methanol extract of F. vulgare
exhibited 82.43% of a-amylase inhibitor level. The lowest
inhibitor level of a-amylase was 47.04% at 1 hr.
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D. Effect of Extraction Time at 37°C on the Content Phenolic
Compound, ACE and Diabetic enzymes in F. Vulgare

The content of phenolic compounds extracted from F.vulgare
plant increased gradually from 0.5 hr. to 8 hrs. The highest
content of phenolic compounds was obtained at 8 hrs. with
value of 17.04 mg/g. While the lowest value was for 0.5 hr. with
value of 12.44 mg/g. The percentages of ACE inhibitor level
were significantly compared with time. The lowest percentage
to ACE inhibition was 13.34% at 2 hr. While highest percentage
to ACE inhibition was 50.80% at 8 hrs. The highest inhibitor
level for a-amylase was 42.91% at 1lhr. whereas the highest
inhibitor level was 59.91% at 4hr of a-glucosidase. While the
lowest inhibitor level of a-amylase and a-glucosidase were
27.03% and 21.75% at 0.5 hr. respectively. (Table 3).

TABLE I11: CONTENT OF PHENOLIC COMPOUNDS, ACE INHIBITORY
ACTIVITY (%), A-GLUCOSIDASE INHIBITORY ACTIVITY (%) AND
A-AMYLASE INHIBITORY ACTIVITY (%) FOR METHANOL EXTRACTION
USING DIFFERENT TIME AT 37 C°

Biological 37¢C°

properties

1h 2h 4h SE

Total 15.75° 16.16" 16.29°

phenolic™

0.91

ACE inhibitory

20.57° 13.34° 30.22° 0.62

level

a-amylase  [27.03° 42.91° 40.437 40.98% 0.95

inhibitory level

a-glucosidase  [21.757 31.29" 32.48° 59.91% 0.69

inhibitory level

79

*values with different letters in the same row are significantly different at
p<0.05

** The values are means for two replicates and expressed as mg of Gallic acid
equivalent (GAE)/g (of dry matter from the sample).

***SE=Standard error

In present study, the effect phenolic extraction time and
temperature on ACE inhibitory activity were varied
significantly. The highest value of ACE inhibitory activity was
obtained at 37°C for 8 hrs. with value of 50.80%. Although,
several studies reported that the extracted conditions of
phenolic compounds from medicinal plants had a higher ACE
inhibitor activity at higher temperature for short time due to
increase the solubility and rate of diffusion of these compounds.
However, using of higher temperature for long time of
extraction process may have a degradation of phenolic
compounds (Onofre et al., 2007). The ACE inhibitory activity
of phenolic compounds in water extract at 100°C/15 min from
Alpinia galanga L. rhizome and Alstonia scholaris L. bark were
51.37 and 52.89%, respectively (Ying sukpisarn et al., 2005).
The highest value of ACE inhibitory activity of phenolic
compounds in Rhodiola species was extracted by ethanol at
40°C for 3 hrs. with value of 38.5% (Kwon et al., 2006). In this
study, the optimal extraction temperature and time of inhibitory
activity for diabetic enzymes were at 25°C for 8 hrs. with value
of 82.0%.

Bita et al. (2013) reported that the inhibitory activity of
a-amylase activity was 48% at 25°C. These results are not in
agreement with obtained results of Marshall and Lauda. (1975)
who reported a 10-fold increase in activity of the o-amylase
inhibitor when the temperature of the reaction was raised from
25°C to 37°C.
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V. CONCLUSION

In this study, the methanol extract of phenolic compound from

F.

vulgare has highest inhibition of a-amylase and

a-glucosidase at 25°C for 8 hrs. 82.43%, 82.26%, respectively,
and moderate inhibition of ACE at 37°C for 8 hrs. (50.8%). It
may be concluded that the F. vulgare extract have higher effect
on level of diabetes and moderate effect on high blood pressure.
Further study is required for extract and identification of
bioactive compounds of F. vulgare plant and the effect on
patients with diabetes and hypertension by applied to the
experimental animals (in vivo).
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