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Abstract

Background: Juniperus Phoenicea (JP) and Calicotome Villosa (CV) are used by Jordanian populations as herbal rem-
edies in traditional medicine. Herein, the phytochemical contents of their methanolic extracts were analyzed and their
antioxidant as well as in vitro anti- 3-Galactosidase activities were evaluated; their effect on 3-Galactosidase enzyme
kinetics was evaluated and the thermodynamic of the enzyme was determined.

Methods: The antioxidant activity of JP and CV crude methanolic extracts was evaluated using 1,1-diphenyl,2-
picrylhydrazyl (DPPH) free radical scavenging and ferric reducing antioxidant power (FRAP) assays; however, the effect
of the plants’crude extracts on 3-Galactosidase activity and kinetics was evaluated in vitro. Moreover, total phenolic,
flavonoids, and flavonols content in plants’extracts were determined and expressed in Gallic acid equivalent (mg
GAE/g dry extract) or rutin equivalent (mg RE/g dry extract).

Results: Phytochemical screening of the crude extracts of JP and CV leaves revealed the presence of phenols, alka-
loids, flavonoids, terpenoids, anthraquinones, and glycosides. Flavonoids and flavonols contents were significantly
higher in JP than in CV (p <0.05). Furthermore, an analogous phenolic content was detected in both JP and CV meth-
anolic extracts (103.6 vs 99.1 mg GAE/g extract). The ability of JP extract to scavenge DPPH radicals was significantly
higher than that of CV extract with ICsu=11.1 pg/ml and 15.6 pg/ml, respectively. However, their extracts revealed
relatively similar antioxidant capacities in FRAP assay; their activity was concentration dependent. The JP extract
inhibited f—galactosidase enzyme activity with a significant ICs, value compared to CV extract; they exhibited their
inhibitory activities at ICs, values 65 ug/ml and 700 pg/ml, respectively. Rutin revealed anti-3-galactosidase activity at
ICsy =75 ug/ml. The mode of inhibition of -galactosidase by JP, CV, and rutin was non-competitive, mixed, and com-
petitive inhibition, respectively. Thermodynamic and enzyme inactivation kinetics revealed that 3-galactosidase has a
half-life time of 108 min at 55 °C, activation energy of 208.88 kJ mol~" and the inactivation kinetics follows a first-order
reaction with k-values 0.0023-0.0862 min~' and positive entropy of inactivation (AS°) values at various temperatures,
indicating non-significant processes of aggregation.
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Conclusions: The methanolic extracts of JP and CV possess anti-hyperglycemic and antioxidant activities with poten-

tial pharmaceutical applications.

Introduction

Medicinal plants are used traditionally in develop-
ing countries as therapeutic agents in the treatment of
chronic diseases [1]. They are one of the main sources
of phytochemicals, like polyphenols, that have numer-
ous pharmacological advantages as antioxidant, antivi-
ral, anticancer, antimicrobial, antifungal, and antidiabetic
remedies [2—6]. Jordan is a country with species richness
and diversity of medicinal plants that are used in tradi-
tional medicine regardless of the economic or educa-
tional levels of the patients [7].

Juniperus phoenicea L. (JP), family Cupressaceae, is a
shrub or a small tree growing in the coastal sites of the
Mediterranean Region, in some Middle East countries,
widely distributed in Europe, northern Africa, and the
Canary Islands [8]. In Jordan, it is distributed through-
out the South Mountain regions, in Tafileh and Shou-
bak woodlands at high altitudes of 1200—1700 m [9]. The
leaves of JP are used in the form of decoction to treat
diabetes, diarrhea, rheumatism, and as a diuretic against
bronchopulmonary disease but a mixture of its leaves
and berries is used as an oral hypoglycaemic agent [6, 7].
Abu-Darwish et al. [10] reported that the essential oils
of JB, collected from the South of Jordan, are character-
ized by a high percentage of a-pinene content. Further-
more, the flavonoids myricitrin, quercetin, cosmosin, and
quercitrin in addition to sterols, and hydrocarbons were
isolated from the leaves of Egyptian JP [4, 11]. In fact,
essential oils and extracts of JP were reported as anti-
oxidants and antimicrobial agents [11-13]. Their hypo-
glycaemic and hypolipidemic effects as well as cytotoxic
activity were also investigated [14—17].

However, Calicotome villosa (Poir.) Link subspecies
intermedia, family Fabaceae, is a thorny shrub that can
reach 2 m in height and has sharp terminations, trifoli-
ate including oval leaves with yellow and grouped flowers
[18]. It grows mostly in cool places and is very common
in North Africa (Morocco and Algeria) and Spain [19].
The plant has been used in traditional medicine by Medi-
terranean populations for the treatment of furuncle,
cutaneous abscess, chilblain, and as an antitumor agent
[20-22]. The bioactivities of CV plant extracts were
ascribed to their content of flavone glucosides, alkaloids,
and anthraquinones in the aerial parts [18, 23, 24] as well
as flavonols and alkaloids in the seeds [25].

Diabetes mellitus is one of the most common met-
abolic disorders due to lack of insulin production
or the inability to control blood glucose by insulin

leading to hyperglycemia [26]. Therefore, inhibition of
B-galactosidase, an enzyme that hydrolyze glycosidic
bonds in complex carbohydrates or glycoconjugates,
influences glucose uptake by the cells and is a target for
regulation of hyperglycemia [27]. Interestingly, the activ-
ity and thermal stability of [-galactosidase enzymes
are influenced by diverse environmental factors (tem-
perature, pH, and reaction medium) which can strongly
affect the specific three-dimensional structure or spatial
conformation of the protein [28], thereby will affect the
enzyme’s physiological function. Several biotechnologi-
cal approaches were used to study enzyme deactivation,
which forms a major and important constraint in estima-
tion of the enzymes’ thermodynamic parameters; this
will lead to understanding the probable denaturation
mechanism in enzymatic processes [29].

The current study aimed to analyze the phytochemical
content of JP and CV methanolic extracts with evaluating
their antioxidant and anti- f-Galactosidase activates as
well as their role in kinetic and thermodynamic param-
eters of the enzyme.

Materials and methods

Chemicals

B-Galactosidase from Aspergillus oryzae (CAS Number:
9031-11-2), Folin-Ciocalteu phenol, 2,4,6-tripyridyl-s-
triazine (TPTZ), 2, 2-diphenyl-2-picrylhydrazyl (DPPH),
Rutin and Gallic acid were obtained from Sigma-Aldrich.
o-Nitrophenyl-B-D-Galactopyranoside (CAS Number:
369-07-3) was obtained from ACROS ORGANICS.
Other chemicals and solvents were used of analytical
grade.

Plant material collection and extraction

JP and CV fresh leaves were collected in April from
Al-Shoubak region in the southern part of Jordan
(30°31'4.52"N, 35°33'25.59"E). The plants’ samples were
identified morphologically by a plant specialist in the
Department of Biology, Faculty of Sciences/University
of Mutah. Voucher specimens were kept at the Labora-
tory of plant science, Department of Biology/Mutah
University.

The extracts were prepared according to [30] with
some modifications. The JP and CV leaves were air-dried
in shade and (30 g) of the pulverized plant samples were
extracted in 300 ml of methanol (99%) for 48 h under
continuous shaking. The resulting extracts were filtered
through a Whatman paper (No. 4) and concentrated in
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vacuum at 40 °C using a rotary evaporator (Buchi R-215,
Switzerland). The methanol extracts were kept at 4 °C in
the dark until further use.

Phytochemical screening

Qualitative analysis

The qualitative tests of extracts’ phytochemical constitu-
ent were carried out according to [31, 32]; it based on the
observed visual color change of methanol extracts of JP
and CV with added reagents. The analysis was performed
to detect presence of alkaloids, flavonoids, saponins, ter-
penoids, phenols, anthraquinones, tannins, glycosides,
and anthocyanins in plants’ extracts. The results are
expressed as (+) for the presence and (-) for the absence
of phytochemicals.

Quantitative analysis

Determination of total phenols The total phenolic con-
tent of JP and CV was assayed using the Folin-Ciocalteu
reagent with gallic acid as a standard [33]. 0.2 mL of
(10 mg/ml) extract was mixed with Folin-Ciocalteu phe-
nol reagent (1.5 mL). After 5 min, 6% sodium carbonate
(1.5 mL) was added, and the mixture was allowed to stand
at room temperature for 90 min. The absorbance was
measured at 725 nm and the results were expressed as mg
of gallic acid equivalent per gram of extract (mg GAE/g).
The assays were performed in triplicates.

Determination of total flavonoids 'The total flavo-
noid content in plant methanolic extract was estimated
according to [34] with some modifications. 1 ml of tested
extract (10 mg/ml) was added to a volumetric flask con-
taining 4 ml of distilled water. 0.3 ml of 5% NaNO, solu-
tion was added to the preparation which left for 6 min,
then 0.3 ml of 10% AICl; solution was added and kept
for another 6 min. To this reaction mixture, 4 ml of 1 M
NaOH solution and 0.4 ml water were added to make up
a final volume of 10 ml. The reaction mixture was mixed
well and allowed to stand for 15 min, after which absorb-
ance was recorded at 510 nm. Total flavonoid content was
expressed as mg rutin equivalent (RE)/g plant sample.
Tests were performed in triplicates.

Determination of total flavonols The total flavonols con-
tents of plants extracts were determined following the
procedure reported by Abdel-Hameed [35] using rutin
as a standard. Briefly, 0.5 ml of methanolic plant extract
(10 mg/ml) was mixed with 0.5 ml (20 mg/ml) AICl; and
1.5 ml (50 mg/ml) sodium acetate. After 2.5 h on incuba-
tion at 25 °C, the absorbance of the reaction was meas-
ured at 440 nm (UV/VIS Spectrophotometer, Novaspec
Model 80-2088-64, Pharmacia Bio-tech, UK). Triplicate
determinations were carried out.
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Antioxidant activity

Determination of DPPH radical scavenging activity

The free radical scavenging capacity of extracts was
determined using the method described by Deng et al.
[36] with gallic acid as a reference. Briefly, 50 pl of each
extract was added to 950 puL of methanolic DPPH solu-
tion (As;7,, 0.74). The preparations were incubated for
30 min at room temperature in dark and their absorb-
ance was measured at 517 nm. Antioxidant activity of the
plant extracts was calculated as follows:

I(%) = ((Ablank - Asample)/Ablank) x 100

where I inhibition in DPPH absorbance, Ay, is the
absorbance of the control reaction (containing all rea-
gents except the plant extract), and A, is the absorb-
ance of the tested plant extract. Extract concentrations
providing 50% inhibition (ICs,) are calculated from the
plot of inhibition (%) against extract concentration and
compared with the IC;, of Gallic acid tested following the
same procedure. Samples were carried out in triplicates.

Ferric Reducing Antioxidant Power (FRAP) Assay
Ferric reducing antioxidant power of methanolic extracts
of plants was performed as described previously [37]. In
the FRAP assay, 300 mM acetate buffer, pH 3.6, 20 mM
ferric chloride and 10 mM 2,4,6-tripyridyl-s-triazine
(TPTZ) were dissolved in 40 mM HCI (10:1:1 ratio).
0.1 ml of different plant extract concentrations was added
to 0.9 ml of FRAP working reagent to have a final con-
centration of 5, 10, 15, 20, and 25 pg/ml. The absorbance
of the reaction mixture was measured at 593 nm after
10 min of incubation at 37 ° C. FeSO,.7H,0 (20 mM) was
used for establishing the calibration curve. The change in
absorbance was calculated as FRAP value (uM) by relat-
ing the ratio of Ay, ,,, of the test sample to that of the
standard solution of known FRAP value (100 pM) using
the following Equation.

FRAP = (Agg3,test sample/Agg,, . test standard) FRAP
value of standard (uM).

B -Galactosidase activity assay

The B-galactosidase activity was measured as described
by [38] with slight modification. 2-Nitrophenyl-p-D-
Galactopyranoside (ONPG) was used as a substrate,
which is hydrolyzed by B—Galactosidase to release
2-nitrophenyl (a colored agent, Amax 410 nm). The reac-
tion mixtures contained 20 pumole of ONPG dissolved in
4 ml of 0.1 M citrate—phosphate buffer (pH 4.5) and 40 pl
of B -Galactosidase solution (0.2 U/mL). After incubation
for 20 min at 30°C, the reaction was stopped by adding
1 ml of 1 M Na,COs. The absorbance of the resulting
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product was measured at 420 nm. One unit of enzyme
activity was defined as the amount of enzyme which lib-
erated 1pumole of O-Nitrophenol per minute under assay
conditions.

Determination of enzyme kinetics

To investigate the kinetics of the reaction catalyzed by
B-galactosidase, the reaction velocity versus different
substrate concentrations was studied according to [39].
The double reciprocal linear plot was applied to deter-
mine V.., Ky; and to estimate reaction constants. Ki cal-
culation depends on the mode of inhibition by comparing
the "apparent” values of V., and K for an enzyme in
the presence and absence of an inhibitor.

Determination of 3-Galactosidase relative activity (%)

The effect of JP and CV methanolic extracts as well as
rutin, at different concentrations (16—-800 upg/ml), on
[-galactosidase activity was determined according to a
standard assay test [38]. The relative activity (%) of the
[-galactosidase was related to enzyme activity in absence
of the effectors according to the following formula:

Effect of reference sugars on -galactosidase activity

The effect of glucose, galactose, fructose, and acarbose on
[-galactosidase activity was evaluated at different con-
centrations that range from 80 pg/ml to 4000 ug/ml using
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Table 1 Screening of phytochemicals in J. phoenicea and C.
villosa leaves methanolic extract

No Phytochemicals J. phoenicea C.villosa
1 Alkaloids + +
2 Anthocyanins + +
3 Flavonoids + +
4 Phenols + +
5 Saponins + +
6 Tannins + +
7 Terpenoids + +
8 Glycosides + +
9 Anthraquinons + +

Table 2 Total phenolic, flavonoids, and flavonols contents in J.
phoenicea and C. villosa leaves methanol extracts

Extract Total phenols Total flavonoids  Total flavonols
(mg GAE/g (mg RE/g extract) (mg RE/g
extract) extract)

J.phoenicea 103.6 £ 0.006% 101.14£0016° 30.74£0.082¢

Cuvillosa 99.140.013° 61.640.0075¢ 19.240.088¢

Result expressed as mean =+ SD of n=3. Values in the same column with
different letters are statistically significant at p <0.05

Relative Activity (%) = [(Enzyme activity without — Enzyme activity with extracts)/ Enzyme activity without] x 100

ONPG as a substrate and under the same conditions used
to study the enzyme activity.

Thermal B-galactosidase inactivation studies

The thermal inactivation of B-galactosidase was deter-
mined at different time intervals and incubation tem-
peratures. The enzyme solution was incubated in sealed
tubes at 50, 55, 60, and 65 °C for 3 h in a thermostatically
controlled water bath. One tube of B-galactosidase was
withdrawn at each time interval, immediately immersed
in an ice bath and enzyme activity was determined as
described earlier. The activity after 1 min of heating-up
time (t=0) was the initial activity, thereby eliminating
the effects of heating-up.

Estimation of B-galactosidase kinetic and thermodynamic
parameters

It is generally accepted that the thermal inactivation of
several enzymes including p-galactosidase is a first-order
reaction, and the reaction occurs at one inactivation rate

(k-value) in a single step, therefore kinetic and thermody-
namic parameters were determined as described in pre-
vious studies [29, 39].

Statistical analysis

Results are expressed as a mean =+ standard deviation.
Differences between the means were determined by
one-way analysis of variance (one-way ANOVA). A dif-
ference in the mean values of p<0.05 was considered
statistically significant. Also, IC;, values were deter-
mined using a nonlinear regression curve with the
Microsoft Excel 2016.

Results

Extract yield and phytochemical screening

The total yields of JP and CV leaves methanol extracts
were 22.83 and 14.37% (w/w), respectively. Their leaves’
extracts contained various secondary metabolites such
as phenols, alkaloids, flavonoids, terpenoids, anth-
raquinones, and glycosides (Table 1). Furthermore,
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Table 3 DPPH antioxidant activity of J. phoenicea and C. villosa
leaves methanolic extracts

Extract DPPH radical
scavenging
activity
(IC5o=pg/ml)

Jphoenicea 11.1040.015°

Cuvillosa 15640.019°

Gallic acid 1.3240011°¢

Result expressed as mean ICs, values &+ SD from three independent experiments.
Values with different letter are significantly different compared to control
(P<0.05)

14

12

10

FRAP value(uM)

5 10 15 20 25

concentration pg/ml

B J.phoenicea C.villosa
Fig. 1 FRAP value of J. phoenicea and C. villosa extracts. Each value

represent means=+SD (n=3)

the total phenolic, flavonoids, and flavonols contents
in JP extract were 103.6 mg GAE/g, 101.1 mg RE/g,
and 30.7 mg RE/g), respectively; meanwhile, they were
99.1 mg GAE/g, 61.6 mg RE/g, and 19.2 mg RE/g in
case of CV extract, respectively (Table 2). The flavo-
noids and flavonols contents were significantly higher
in JP crude extract compared to CV extract (p* 0.05).

Antioxidant activity
Evaluating the ability of tested crude extracts and the
gallic acid standard at (2 pg/ml) to scavenge gener-
ated DPPH radical revealed percentage of inhibitions
about 62.41%, 10%, and 8.28%, respectively. The order
of antioxidant potency was Gallic acid<JP<CV and
in a concentration dependent manner. The IC, values
for JP, CV and gallic acid in DPPH assay were 11.1 pg/
ml, 15.6 pg/ml, and 1.3 pg/ml, respectively; they were
interpreted from extrapolated regression curve of %
inhibition in DPPH radical against used sample con-
centrations (Table 3).

Furthermore, the effect of plants’ extracts on fer-
ric ion reduction in FRAP test as indication of their
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antioxidant potential revealed that both extracts are
considered as primary antioxidant agents with non-sig-
nificant differences in their effect at tested concentra-
tions, represented by their FRAP values (uM) (Fig. 1).
Their effect in ferric ion reduction was concentration
dependent with a positive correlation between fer-
ric reducing capacity and the concentration of plant
extract, JP (R*=0.9954) and CV (R*=0.9825).

Determination of enzyme kinetics

Determination of the p-galactosidase, from Aspergil-
lus oryzae, enzyme kinetics was interpreted based on
its ability to hydrolyze ONPG substrate at pH 4.5 and
30°C. The enzyme’s kinetic parameters Km and Vmax
were obtained by a typical double reciprocal Lineweaver
Burk plot (Fig. 2) which were 1.310£0.091 mM and
85.344 4 0.028 mU, respectively.

Effect of J. Phoenicea, and C. villosa on 3-Galactosidase
Activity

The effect of JP and CV on the activity of -galactosidase
was determined by performing the standard assay proce-
dure at different concentrations from 16 pg/ml to 800 pg/
ml. The enzymatic activity was gradually decreased with
increasing concentrations. Results of the percentage of
relative activity (%) for the [-galactosidase in the pres-
ence of JP, CV, and rutin are shown in Fig. 3. JP extract
inhibited -galactosidase in a non-competitive way while
that of CV extract was in mixed-inhibitory manner with
IC;, values of 65 and 700 pg/ml, respectively (Fig. 4).
Their effect on the kinetic parameters (Vmax, Km, and
Ki) of B-galactosidase are shown in (Table 4).

Effect of reference sugars on B-galactosidase activity

The B-galactosidase activity in term of hydrolysis rate
to the used ONPG substrate indicated a significant
enhancement in enzyme activity in presence of glucose at
concentrations over 1500 pg/ml, while the enzyme activ-
ity was inhibited significantly in the presence of galac-
tose; a gradual decreased in the enzyme activity (23%,
39%, and 63%) was noticed at 80 pug/ml, 400 pg/ml, and
800 pg/ml of galactose, respectively. However, fructose
and acarbose did not affect B-galactosidase at concentra-
tions up to 4000 pg/ml (Fig. 5).

Thermodynamic analysis for 3-Galactosidase thermal
inactivation

The experimental enzyme inactivation was performed
at 5 °C temperature intervals (50, 55, 60, and 65 °C). The
best fit of data is obtained when Ed=208.88 k] mol™'.
The rate constant (kd) of B-galactosidase inactivation
obtained are presented in Table 5; they were calcu-
lated from the plot of semi-natural logarithmic curve of
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1/v (min/pM)1v =10

"~

-5 ojo

Fig. 2 Lineweaver-Burk plot of (1/v) of 3-galactosidase vs (1/ ONPG). Mean £+ SD (n=3)

20 1/A x0.1

1/[S]

residual activity versus time (Fig. 6). Similarly, the half-
life (t,,) for the enzyme to lose its 50% activity was esti-
mated using the equation:

t12 = 0.693/Kd

Moreover, the plot of half-life in minutes is expressed
as a function of temperature as represent in Fig. 7. Also,
the D value was calculated using the relationship =In,,/
Kd, and the z value was calculated and reported to be
equal to 10 °C.

Table (5) shows the thermodynamic parameters of the
enthalpy of denaturation (AH°) for the enzyme at 50 to
65 °C, which were in a range of 121.84 to 121.72 kJ/mol.
There was a decreasing trend with the increase in tem-
perature. The free energy of thermal denaturation (AG")
for B-galactosidase was 91.025 kJ/mol at 50 °C, which
decreased with the increase in temperature to 85.068 kJ/
mol at 65 °C. While the calculated entropy of inactiva-
tion (AS°) showed positive values at each experimental
temperature, which indicates that there are no significant

processes of aggregation; otherwise if this had been hap-
pened, the values of (AS°) would have been negative.

Discussion
Natural products obtained from the medicinal plants
encompass complex phytochemicals that are applied
in several medical applications as anticancer, antidia-
betic, and antioxidant agents. Furthermore, these chemi-
cals are used in food industry and biotechnology due to
their polyphenolic content [40-44]. Previous research,
describe the potential use of Juniper species as sources of
secondary metabolites, as antioxidant [45], antimicrobial
[15, 16] or hypoglycaemic and hypolipidemic agents [46].
In this study, the qualitative and quantitative evaluation
of the phytochemical constituents of JP and CV leaves
extracts approved the presence of various secondary
metabolites such as alkaloids, glycosides, polyphenols,
saponins, terpenes, and anthraquinones, which confirms
the medicinal importance of these plants. This finding
is in accord with previous works [6, 18]. The methanol
was used to extract secondary metabolites in JP and CV
because of its capability to extract polar as well as non-
polar molecules and as recommended by [6]. This result
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Fig. 3 Relative activity (%) for B-galactosidase from A. oryzae in presence of J. phoenicea, C. villosa, and rutin, using ONPG as a substrate. Mean & SD
(n=3)

1/v (min/uM), ., ...

1
18]

1. enzyme + substrate 2. ES + J.phoenicea 3. ES + C.villosa

Fig. 4 Inhibition of B-galactosidase by J. phoenicea, AND C. villosa, in the presence of various concentrations of ONPG as a substrate. Mean £ SD
(n=3)

agreed with previous work [6, 33, 47], which showed achieved by ethanol (35.4 and 35.8%, respectively), fol-
that methanol was a good solvent for the extraction of lowed by methanol (26.2 and 16.4%, respectively) [6]. In
phenolic compounds from JP. It was documented that this study, the total yield of methanol extracts of JP leaves
the highest phenolic content, for leaves and berries, was  was 22.83%, which was analogous to that reported in [6].
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Table 4 Kinetic values of 3-galactosidase from A. oryzae in the presence of J. phoenicea and C. villosa extracts and Galactose

Inhibitor Km Vmax Ki Mode of inhibition
(mM) (mU) (mg/ml)

Control 1.311+£0.091 ° 85.35+0.028° 0 Normal

J. phoenicea 1.256 £0.089 352940033° 1416+0.058 Non-competitive

C.villosa 258140034 " 58.64+0.015°¢ 1.5374+0.039 Mixed

Galactose 2.770+£0.072 ¢ 555540024 ¢ 1.866+0.052 Mixed

Results are means £ SD (n = 3). Values in the same column with different letters differ significantly at p <0.05

120
4
> ¢ *
L A
100 & A
AA S
80
L
X
£ [ ]
£
® 60 L
[
>
F-]
o
g
40
|
Ll
L
20
0
0 500 1000 1500 2000 2500 3000 3500 4000 4500
concentration (ug/ml)
®— glucose W galactose A— fructose acarbose
Fig. 5 (-galactosidase relative activity in the presence of glucose, galactose, fructose and acarbose. Result expressed are mean of three
independent experiments

Table 5 Kinetic and thermodynamic parameters of 3-galactosidase inactivation

Temp Kd R2 t1/2 D AH AG AS

(°Q) (min-1) (%) (min) (min) (kJ/mol) (kJ/mol) (J/(mol. K))
50 0.0023 94.39 301.30 1001.12 121.84 91.026 95.37

55 0.0064 96.49 108.28 359.78 121.80 89.644 98.00

60 0.0123 81.88 56.34 187.20 121.76 89.201 97.74

65 0.0862 98 8.04 26.71 121.72 85.068 108.39

The total phenolic, flavonoids, and flavonols contents  polarities of different compounds in the parts as well as

were higher in extract from leaves of JP than from CV. to geographical location [48].

The variation in the phenolic yields between plant spe- The amounts of total phenolics of both leaves of JP

cies as well as within the plant parts may be attributed to and CV were within the values ranged from 52+1 to
217+2 g GAE/kg of dry material, previously reported
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Fig. 6 Thermal deactivation of 3-galactosidase from A. oryzae at various temperatures using ONPG as a substrate. Result expressed are mean of
three independent experiments

[6]. Consequently, the reporting of the high amount of
phenols, flavonoids, and flavonols contents of JP leaves
extracts could be used as an important species used in
the food, and pharmaceutical industry.

The evaluation of different bioactivities of JP and
CV crude extracts revealed that the JP methanolic extract
possessed a high scavenging capacity for the generated
DPPH' radical at (IC;,=11.10£0.015 pg/ mL) than
CV extract (IC5,=15.6+0.019 pug/ mL). This could be
attributed to significant amounts of flavonoids present
in JP. DPPH radical scavenging of JP extract showed 10
times less efficacy to the gallic acid standard reference
(IC5,=1.3240.011). The antioxidant activity of JP and
CV leaves was within the results shown in earlier liter-
ate [6, 49]. The scavenging effect of the extracts against
DPPH radicals and FRAP is related to the electron trans-
fer/donating ability. Presence of flavonoids in JP and CV
extracts as important phenolic compounds exert several
antioxidant activities and ensuring free-radical scaveng-
ing activity and protection against oxidative stress [50]; it
confirms the ability of both extracts from JP and CV to
scavenge the DPPH radicals.

Furthermore, JP extract exerts a higher activity as
antioxidant than CV extract in FRAP assay; it might be
attributed to the high phenolic content of JP extract.

The availability of the phenolic hydrogens which behave
as hydrogen donating radical scavengers can be easily
predicted for antioxidant activity [51]. Therefore, poly-
phenols, depending on their precise structure and the
proximity or adjacency of hydroxyl groups, have a metal-
chelating potential. Thus, polyphenols may have the pos-
sibility of chelating metal ions and preventing iron- and
copper- to initiate radical species [52, 53]. The reducing
power of the extracts is consistent with the studies car-
ried out on the aerial part of A. longa and A. indica [54—
56], which indicated that they have a reducing power.
Diabetes is characterized by high blood sugar levels,
which can lead to serious complications, so maintain-
ing near-normal levels of glycemia is a goal of treating
patients with diabetes [57]. The ability of JP and CV
extracts to inhibit f—galactosidase in a concentration
dependent manner might have a role in controlling
blood glucose level. It was observed that the effect of
JP extract was significantly higher than CV extract on
the enzyme activity with IC;,=65 pg/ml compared to
700 ug/ml, respectively. Previously it was reported that
the more maceration of sample in polar solvents such
as methanol, it will be a promising source for the reduc-
tion of postprandial glucose [57]. This finding is con-
sistent with previous studies which demonstrated that
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some medicinal plant extracts, such as 75% aqueous
-methanolic extract of propolis, inhibit a-glucosidase
with an IC,, of 7.24+1.16 pg/mL. The inhibitory effect
of medicinal plants against B-Galactosidase activity
showed various ICy, values range from 50 pg/ml to
5 mg/ml in different studies [58, 59]. Moreover, it was
documented that galactose has an inhibitory effect on
the activity of B-Galactosidase [60, 61]; a result which is
on line with our finding on influence of galactose sup-
plementation on the hydrolysis rate of the enzyme with
IC,, of 600 pg/ml.

The effect of glucose on p-Galactosidase, demonstrated
significant activation of hydrolysis rate at concentrations
exceeded 1.5 mg/ml. This outcome confirms the hypoth-
esis that glucose binds to the enzyme at a site other than
the active one, in addition to affecting the affinity of the
enzyme for the substrate [62]. Furthermore, the inability
of fructose and acarbose to influence the enzyme cata-
lytic activity was documented previously by different lit-
eratures [63].

As the kinetic parameters are important for studying
[-Galactosidase enzyme behavior in presence of different
factors, the mode of inhibition was obtained by a typi-
cal double reciprocal Lineweaver—Burk plot. Therefore,

the results showed that the maximum velocity (V,,.,)

decreased in the presence of the extracts of JP as well
as CV and galactose, but the Km increased by CV and
galactose or slightly decreased by JP extract which indi-
cating mixed inhibition and non-competitive inhibition,
respectively. The mixed competitive inhibition indicates
that the inhibitor can bind to the free enzyme or to the
Enzyme—Substrate complex other than the catalytic site,
which results in the decrease of Vmax [64]. Otherwise,
a non-competitive inhibitor binds to a different site that
may be a site other than the active site of the enzyme,
due to a change in the chemical structure of the enzyme;
therefore, it can block the binding of substrate or stop-
ping of enzymatic activity. These results are consistent
with previous studies that revealed inhibitory activity of
galactose on p-Galactosidase enzyme [61].

To study the thermal stability of B-Galactosidase,
the enzyme was tested at different temperatures (50 to
65 °C). Although B-Galactosidase was stable at 45 °C dur-
ing the test period (3 h), its activity decreased at tempera-
tures >50 °C. Inactivation of [-Galactosidase involves
changing in the secondary, tertiary, or quaternary struc-
ture of a protein, without breaking covalent bonds [65].
The plots of residual activity vs. incubation time for the
enzyme were linear, with R?>81%, which indicated that
the inactivation could be expressed in terms of first-order
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kinetics in the temperature range of 50-65 °C. The
kinetic enzymatic modeling of thermal inactivation and
the determination of its thermodynamic parameters were
analyzed at changeable temperatures and various con-
ditions by [66]. The determinations of half-life (t;,,) are
more accurate and reliable especially when computing
the stability properties of an enzyme at different tem-
peratures [67]. Thus, with increasing temperature, the t,,
and D values were decreased, while the first-order ther-
mal deactivation rate constant (kd) was increased. The
results explored that the enzyme is less thermostable at
higher temperatures, which led to a higher rate constant
[68]. The z value of  -galactosidase, calculated from the
slope of the graph between log D vs. temperature, was
10 °C. In general, the high magnitudes of z-values mean
more sensitivity to the duration of heat treatment and
lower z-values mean more sensitivity to increase in tem-
perature [69].

The activation energy (Ed) of the thermal inactivation
mechanism, which is the essential quantity to determine
the thermodynamic parameters for thermal stability, is
equal to 208.88 k] mol ! which is comparable to previous
results on the inactivation of B-galactosidases from dif-
ferent strains of Streptococcus thermophilus and Lactoba-
cillus bulgaricus; it was ranged from 200 to 215 kJ mol ™,
indicating a high amount of activation energy needed to
initiate denaturation of the enzyme [29]. Variations in
activation enthalpy (AH), activation entropy (AS), and
Gibbs free energy (AG) were calculated for the differ-
ent temperatures as listed in Table 7. Positive AH values
indicate that enzyme inactivation is an endothermic pro-
cess [70]. The high values of AH"° resulted from the ther-
mal inactivation of B-galactosidase which indicates that
the enzymatic activity undergoes a considerable change
in conformation during denaturation [71]. The fact that
the AH® value decreases with the increase in tempera-
ture reveals that less energy is required to denature the
enzyme at high temperatures [72]. When entropy of
inactivation (AS°) was calculated at each temperature, it
showed positive values, which indicates that there is an
increase in the molecule randomness or disorder during
the exposure to high temperatures. In contrast, nega-
tive AS values are expected for an aggregation process
in which a few intermolecular bonds are formed [73].
Whilst the positive (AG) values indicate that the inacti-
vation of the enzyme is not a spontaneous reaction. In
the present study, there was a decrease in AG values with
increasing temperatures, which is an indication that the
destabilization of the enzyme molecule is more sponta-
neous and faster [74], however, a lower AG® values than
the AH" values is due to the positive entropic contribu-
tion during the inactivation process.
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Conclusion

The medicinal plants encompass natural products such
as phytochemicals, used in several medical applications
as anticancer, antidiabetic, and antioxidant agents. Tra-
ditionally, leaf extracts of JP and CV are considered as
promising natural medicinal agents and widely used for
the treatment of diabetes mellitus. In addition, the abil-
ity of JP and CV extracts to modulate oxidative stress in
the body indicated their role in competing the progress
of several metabolic diseases such as diabetes melli-
tus. Furthermore, oral consumption of plants stimulates
excretion or decreases the digestion of carbohydrates
by inhibiting carbohydrate catalytic enzymes such as
[-galactosidase; the enzyme responsible for the metabo-
lism of carbohydrates into glucose in the digestive tract.
All these activities may be attributed to the high poly-
phenolic contents of JP and CV. This work demonstrates
the value of JP and CV as sources of metabolites with
relevant pharmaceutical potential and essential to bet-
ter retain enzymatic activity in food biotechnology and
products supplemented with heat-sensitive enzymes and
to reduced glucose levels.
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