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Zilla spinosa is commonly used in traditional medicine to treat gastrointestinal disorders and diabetes. In this study, aqueous ethanol
(AE) and aqueous methanol (AM) extracts from aerial parts and roots of Z. spinosa were investigated. The total phenolic (TPC) and
flavonoid (TFC) contents and antioxidant capacities in terms of 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging, hydrogen
peroxide (H,0,), and ferric reducing antioxidant power (FRAP) assays were determined, and the correlations among the results were
assessed using Pearson’s correlation. The antimicrobial activity was assessed through agar disc diffusion and broth microdilution
assays. Phytochemical screening showed that Z. spinosa extracts had alkaloids, glycosides, saponins, triterpenoids, phenols, and
flavonoids in different abundances. The aerial part-AE extract contained low TPC (30.17 + 4.24 mg GAE/g) and TFC (7.40 + 1.02 mg
QE/g) and displayed significant antioxidant capacity in the DPPH (ICsy = 52.17 + 7.30 ug/mL), H,O, (91.22 + 2.60 ug/mL), and FRAP
(ECs0=98.70 + 2.21 ug/mL) assays. By contrast, the root-AM extract contained high amounts of TPC (87.72 + 7.75 mg GAE/g) and
TFC (25.60 + 1.57 mg QE/g). It showed significantly high antioxidant activity with ICs, values of 12.33 + 1.88 yg/mL in the DPPH and
39.37 £2.59 ug/mL in the H,0, assays, as well as reducing power capacity with an ECs, value of 20.82 + 1.14 yg/mL in the FRAP
assay. Both TPC and TFC were exhibited negative correlations (p <0.01) with the ICs, and EC5, values obtained in the applied
antioxidant assays. The aerial part-AM extract showed the highest inhibitory activity against Staphylococcus aureus (26.5 + 0.20 mm),
followed by Shigella flexneri (19.4 + 0.40 mm) and Proteus mirabilis (17.7 + 0.49 mm). S. aureus was the most affected microorganism
with a minimum inhibitory concentration of 128 yg/mL against the aerial part-AM extract. Interestingly, all evaluated extracts
showed potent antifungal activity against Candida albicans. However, aerial part-AM was the most effective, with an inhibition zone
of 12.6 £ 0.17 mm. The results concluded that Z. spinosa possesses different phytochemicals displaying significant antioxidant and
antimicrobial activities, thus lending credence to its use in traditional medicine.

1. Introduction

Human beings are either entirely or partially dependent on
plants and plant products, both directly and indirectly. For
example, medicinal plants are utilized in traditional medi-
cine practices worldwide. Many people in the Kingdom of
Saudi Arabia still believe that traditional medicines offer an
alternative to modern practices in the realm of disease
treatment [1]. The floras of the Kingdom of Saudi Arabia are
considered the most affluent areas of biodiversity in the
Arabian Peninsula, with an estimated 2250 species belonging
to 132 families and 837 genera [2, 3]. Of these, 26% have

known medicinal value, with 13% currently being used in
traditional medicines and 61% yet to have their therapeutic
properties investigated [4]. Interestingly, one-third of Saudi
floras, nearly 1000 species, are found in the Asir region.
Many plant species common to the Asir region are known to
contain medically active constituents and are currently used
by the region’s inhabitants for disease treatment.

Zilla spinosa (L.) Prantl., locally named shibrim or silla,
is a perennial, spiny shrub belonging to the family Brassi-
caceae (Cruciferae), which comprises 321 genera and 3660
species distributed worldwide [5]. It is widespread
throughout the Asir region and is familiar to local
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inhabitants due to its prevalence in traditional medicine.
The Z. spinosa has been widely employed in traditional
medicine for treating several illnesses, including gastro-
intestinal disorders and diabetes [6], urinary tract pains [7],
diarrhea, gall bladder, kidney stones, liver and pancreas
pain, respiratory ailments [8], and rheumatism [9, 10]. The
plant is also found to have antimicrobial activity [8, 11] and
anti-inflammatory, analgesic, and anticancer properties
[12]. A previous study [13] has investigated the hep-
atoprotective effect of Z. spinosa extract against carbon
tetrachloride-induced acute hepatotoxicity in rats and
concluded that the hepatoprotective effect of the extract is
attributed to the combined action of flavonoids. Similarly,
El-Sharabasy and Mohamed [12] investigated the chemical
constituents and biological activity of chloroform extract of
Z. spinosa aerial parts. They isolated and identified different
compounds including three coumarin compounds, ber-
gapten, psoralene, and umbleferone, and two triterpenes,
p-amyrin and friedelene, in addition to four phytosterols,
campesterol, spinasterol, -sitosterol, and stigmasterol, and
examined their anti-inflammatory, analgesic, and antimi-
crobial activities. The obtained results showed significant
anti-inflammatory and antimicrobial effects of Z. spinosa
extract. Moreover, previous phytochemical studies of
Z. spinosa revealed various classes of phytochemicals in-
cluding flavonoids, alkaloids, tannins, anthraquinones,
saponins, sterols, and triterpenes [8, 11, 14]. Furthermore,
Sekkoum et al. [6] analyzed the essential oil obtained from
the aerial parts of Zilla macroptera, a species collected from
Algeria. They identified 72 compounds, with carvone oxide
as the main compound.

Despite the wide therapeutic potential presented by
Z. spinosa, studies on the phytochemical profile, antioxidant,
and antimicrobial activities of this plant are still lacking.
Consequently, the present study focused on determining the
content of total phenolic and flavonoids, evaluating anti-
oxidant and antimicrobial activities of aqueous ethanol and
aqueous methanol extracts of the aerial parts and roots of
Saudi Z. spinosa collected from the Asir region. The present
work also aims to provide an overview of this species’
chemical and biological properties to develop sufficient
background knowledge for continued research into the
different extracts of this plant.

2. Materials and Methods

2.1. Chemicals and Reagents. All chemicals and solvents were
of analytical grade and were used without further purifi-
cation. Folin-Ciocalteu reagent, DPPH, p-iodonitrote-
trazolium chloride (INT), TPTZ (2,4,6-tripyridyl-s-triazine),
gallic acid, quercetin, and the ascorbic acid and antibiotic
standards were purchased from Sigma-Aldrich (St. Louis,
Missouri, USA). Aluminum chloride (anhydrous powder),
hydrogen peroxide (30%), nitric acid, hydrochloric acid,
sodium carbonate (anhydrous powder), ferrous sulfate
(FeSO4.7H,0), and ferric chloride were obtained from
Merck Co. The internal standards for elemental analysis
were prepared from their stock solutions (1000 ug/mL,
ULTRA Scientific, North Kingstown, RI, USA).
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2.2. Plant Materials and Extraction. The aerial parts and root
materials of Z. spinosa were collected in April 2018 from
three locations around Abha City in the Asir region and were
then authenticated using the available relevant scientific
records of Saudi Arabia Flora [15] and The Plant List [16].
The voucher specimens were deposited at the College of
Science, King Khalid University (Abha, Saudi Arabia) for
future reference. The plant is not endangered, so no per-
mission was needed for its collection. The plant materials
were washed thoroughly to remove soil particles using tap
water, followed by distilled water. They were cut into small
pieces and air-dried in shade for two weeks at 25-30°C. The
dried sample was then powdered and weighed to obtain
220 g of bark and 650g of the aerial parts of Z. spinosa.
Powdered sample (100 g) was macerated with 1 L of aqueous
ethanol (80%) and aqueous methanol (80%) separately at
25-30°C for three days with random shaking. The macerates
were filtered and then evaporated to dryness at 40°C using an
IKA R10C S99 Rotary Evaporator. The dried crude extracts
were weighed and stored at 4°C until analysis. The extract
yield was calculated as a percentage.

2.3. Phytochemical Screening. The crude aqueous ethanol
extract of each plant sample was subjected to a qualitative
phytochemical screening using the methods described by
Gul et al. [17]. The results are given as the relative abundance
of the respective compound.

2.4. Estimation of the Total Phenolic Content. The
Folin-Ciocalteu method was applied as previously de-
scribed [18] to determine the TPC in each plant extract.
Then, 2.5 mL of 0.2 N Folin-Ciocalteu reagent was added to
0.5mL of the plant extracts (0.l mg/mL in methanol),
mixed for 5 min, and then 2.0 mL of a 7.5% aqueous sodium
carbonate solution was added. The reactants were then
incubated at 30°C for 90 min to allow for color develop-
ment. The absorbance was measured at 760 nm on a JASCO
V-530 UV/Vis spectrophotometer (Tokyo, Japan). This
procedure was repeated for the methanolic solutions of
gallic acid standards (0, 0.01, 0.02, 0.04, 0.06, 0.08, 0.1, and
0.2mg/mL) in order to prepare a calibration curve. The
TPC was calculated using the regression equation deriving
from the standard curve. The results are expressed as mg
GAE/g dry weight of the plant extracts.

2.5. Estimation of the Total Flavonoid Content. TFC was
estimated using an aluminum chloride assay, described by
Ordoriez et al. [19] with slight modifications. Briefly, 2 mL of
the plant extracts (0.1 mg/mL in methanol) in a test tube was
mixed with 2mL of a 2% methanolic aluminum chloride
solution. The test tube was incubated at 30°C for 60 min to
allow for color development. Upon completion, the ab-
sorbance at 415nm was measured. A range of quercetin
standards (0.01-0.1 mg/mL in methanol) were prepared to
produce the calibration curve, which was analyzed in the
same manner as the plant extracts. The TFC was calculated
using the regression equation derived from the quercetin
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standard curve. The results are expressed as mg QE/g dry
weight of the plant extracts.

2.6. Antioxidant Activity

2.6.1. DPPH Radical Scavenging Activity Assay. The DPPH
free radical scavenging activity of the plant extracts was
determined by following a previously described method
[20], with minor modifications. Briefly, 0.5mL of the plant

absorbance of control — absorbance of sample

extracts of various concentrations (50, 100, 200, 300, and
400 pg/mL in methanol) and the ascorbic acid standard were
mixed with 2.5mL of a 0.1 mM methanolic solution of
DPPH. The reactants were incubated for 30 min at 30°C. The
absorbance was measured at 517 nm using methanol as a
blank. The antioxidant activity of the extracts, expressed as
inhibition percentage of DPPH free radicals, was calculated
using

scavenging effect (%) =

The scavenging effect (%) vs. the extract concentration
(ug/mL) was plotted as a graph, and the obtained regression
equation was used to calculate the ICs, value (the con-
centration of extract or standard that can inhibit 50% of the
DPPH).

2.6.2. Hydrogen Peroxide Scavenging Assay. The H,0,
scavenging activity was determined by the method of Ruch
et al. [21] with minor modifications. A 40 mM solution of
hydrogen peroxide (30%) was prepared in 0.1 M phosphate
buffer (pH 7.4). Then, 2 mL of the plant extract (50, 100, 200,
300, and 400 pg/mL in distilled water) was added to 2 mL of
the hydrogen peroxide (40 mM) solution. After 10 min of
incubation at 30°C, the absorbance of the reaction mixture
was measured at 230 nm against phosphate buffer as a blank.
Ascorbic acid in distilled water (50, 100, 200, 300, and
400 pug/mL) was used as a standard. The percentage of H,0,
scavenging by both the extracts and the standard was cal-
culated using equation (1). The ICs, value (the concentration
of extract or standard that can inhibit 50% of the H,O,) was
determined from the regression analysis of a plot of scav-
enging effect (%) against the extract concentration (ug/mL).

2.6.3. Ferric Reducing Antioxidant Power Assay. The anti-
oxidant capacity of each sample was determined using the
FRAP assay, as previously described by Benzie and Strain
[22] with some modifications. The assay is based on the
reduction of the colorless complex of ferric tripyridyltriazine
(Fe**-TPTZ) to the blue color complex of ferrous tripyr-
idyltriazine (Fe**-TPTZ) at low pH by the action of the
extracts (antioxidants). Briefly, the fresh working FRAP
reagent was prepared by mixing 300 mM acetate buffer (pH
3.6) with a solution of 10 mM of TPTZ in 10 mL of a 40 mM
HCI and 20 mM FeCl; solution at 10:1:1 (v/v/v). Various
concentrations (50, 100, 200, 300, and 400 yg/mL) of each
plant extract or ascorbic acid were prepared; 1 mL of each
was added to 2mL of the reagent and mixed thoroughly.
Then, it was incubated at 37°C for 30 min, and the absor-
bance at 593 nm was determined using acetate buffer as the
blank. A standard curve was plotted using various con-
centrations of FeSO,.7H,0. The antioxidant capacity of each
extract and the standard, i.e., ascorbic acid, was measured

x 100. (1)

absorbance of control

and expressed as M of the Fe** equivalent, and the con-
centration of extract or standard that can inhibit 50% of the
FRAP capacity (ECsp) in pg/mL of each plant extract was
determined.

2.7. Antimicrobial Activity. The plant extracts were tested for
their ability to antagonize the growth of select human
pathogens. The pathogenic microbes (procured from the
Department of Biology, Faculty of Science, KKU) were
common Gram-positive (i.e., Staphylococcus aureus) and
Gram-negative (i.e., Escherichia coli, Shigella flexneri, Pro-
teus mirabilis, and Klebsiella pneumoniae) bacteria, as well as
the fungus Candida albicans.

2.7.1. Agar Disc Diffusion Method. The pathogens were
inoculated on a nutrient agar plate and incubated at 30°C for
48h. The disc diffusion method, as described by Balouiri
et al. [23] with slight modifications, was adapted to test the
effectiveness of the extract on the selected microorganisms.
Paper discs (6.0 mm) were saturated with a crude extract
solution (100 ug/mL), dried, and then placed onto prepared
test plates. Triplicate plates for each treatment were prepared
and incubated for 18-24 h at 25°C and 37°C for the fungi and
bacterial strains, respectively. The subsequent zones of in-
hibition were measured, and the mean diameter in milli-
meters was calculated. Ampicillin (100 yg/mL) and nystatin
(100 ug/mL) were used as positive controls for antibacterial
activity and antifungal activity, respectively, and a medium
without inoculation was used as a negative control.

2.7.2. Broth Microdilution Method. The MIC for plant ex-
tract was determined using the nutrient broth microdilution
method as previously described [24], with minor modifi-
cations. The method was performed using different con-
centrations of the plant extract dissolved in dimethyl
sulfoxide. An aliquot of 5uL of the extract solution was
added to 95 uL of fresh media followed by the addition of
100 uL of inoculum (2 x 10° CFU/mL) prepared in Mueller-
Hinton agar into different wells of a 96-well microplate.
Chloramphenicol was used as a reference antibiotic. The
microplates were incubated for 24h at 37°C in a shaking
incubator. Then, 10 L of a 0.5% INT solution was added to



each well and incubated for a further 30 min at 37°C. The
MIC value, defined as the lowest sample concentration that
inhibited complete bacteria growth, was determined for each
sample.

2.8. Statistical Analysis. All measurements were performed
in triplicate, and the results are presented as mean-
s + standard deviations (SDs). GraphPad Prism version 8.0
and IBM SPSS Statistics for Windows, version 21 (IBM
Corp., Armonk, N.Y., USA), were used to perform the
statistical analyses. One-way analysis of variance (ANOVA)
and t-tests were employed for comparative studies among
the results. A difference was considered statistically signif-
icant if p<0.05 or p<0.0l. The correlations among the
TPC, TFC, and antioxidant activities and between the assays
were assessed using Pearson’s correlation.

3. Results

3.1. Extraction Yields. The extraction yield of the aerial parts
and root samples of Z. spinosa is presented in Figure 1. The
mean percentages of the yielded extracts are significantly
(p<0.01) different among the plant parts and extractants
used and vary from 9.5+0.10% to 19.4+0.44%, with a
descending order of aerial parts, aqueous ethanol extract
(Ap-AEE) > aerial parts, aqueous methanol extract (Ap-
AME) > roots, aqueous ethanol extract (R-AEE) > roots, and
aqueous methanol extract (R-AME). The highest percentage
of yield was found in Ap-AEE (19.4 + 0.44% w/w) while the
lowest percentage of yield was found in R-AME (9.5 + 0.10%
w/wW).

3.2. Phytochemical Profiling. Qualitative screening of the
phytochemical constituents of the aqueous ethanol extracts
from the aerial and root parts of Z. spinosa revealed most of
the screened phytochemicals in different abundances. The
results presented in Table 1 show that the root extract
contained significant amounts of alkaloids, phenols, and
flavonoids, whereas the extracts of the aerial parts exhibited
glycosides and triterpenoids in abundance. The presence of
anthraquinones was not detected in either the aerial parts or
the root extracts.

3.3. Total Phenolic and Flavonoid Contents. In this study, the
total phenolic content (TPC) and total flavonoid content
(TFC) of the aqueous ethanol (AEE) and aqueous methanol
(AME) extracts of the aerial parts and roots of Z. spinosa
were determined using the Folin-Ciocalteu and aluminum
chloride spectrophotometric methods, respectively. Their
values were calculated using the linear equations obtained
from the gallic acid calibration curve (y=9.6851x+ 0.0353,
R*=0.99) for TPC and from the quercetin calibration curve
(y=31.904x +0.0272, R*=0.99) for TFC. A comparison of
the amounts of TPC and TFC in the different extracts of the
aerial parts and roots of Z. spinosa is presented in Figure 2.
The amounts of TPC obtained in the aerial parts and root

Evidence-Based Complementary and Alternative Medicine

25 -
20 ~ -
15
S —
]
o ——
>-‘ 10 T —
5
0 - T T
Aerial parts Roots
Solvents
3 AEE
= AME

FIGURE 1: The yield percentage of the aqueous ethanol (AEE) and
aqueous methanol (AME) extracts of the aerial and root parts of
Z. spinosa using the maceration method.

TaBLE 1: Preliminary phytochemical profile of the aerial parts and
roots of Z. spinosa.

Z. spinosa
Phytochemical Test/reagent i 11)
components g Aeria Roots
parts
Alkaloids Mayer I+
Wagner
Gl i Liebermann e /4
yeosides Keller-Kiliani -
Saponins Foam test + +
. Liebermann-Burchard
Triterpenes/sterols Salkowski +/+ ~/+
. Ferric chloride
Tannins and phenols Lead acetate —/+ +/+
Flavonoids Alkahge reagent ~/+ +/+
Shinoda
Anthraquinones Borntrager - -

+, one test was conducted and it gave a positive result; —, one test was
conducted and it gave a negative result; +/+, two different tests were
conducted and both gave positive results; —/+, two different tests were
conducted and one gave a negative and the other gave a positive result; —/—,
two different tests were conducted and both gave negative results.

extracts can be ranked in descending order by their mean
values: R-AME > R-AEE > Ap-AME > Ap-AEE. A similar
trend was also observed for TFC. The TPC and TFC values
were significantly (p < 0.05) different among plant parts and
between the extracts (solvents). Both extracts (AEE and
AME) of the roots showed significantly (p<0.05) higher
amounts of TPC and TFC compared to the aerial parts.
Moreover, the AME of the roots contained the highest TPC
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FIGURE 2: A comparison of the total phenolic content (TPC) and
total flavonoid content (TFC) in different extracts of the aerial and
root parts of Z. spinosa. Ap-AME, aerial parts aqueous methanol
extract; R-AME, root aqueous methanol extract; Ap-AEE, aerial
parts aqueous ethanol extract; R-AEE, aerial parts aqueous ethanol
extract.

(87.72£7.75mg GAE/g) and TFC (25.60 + 1.57 mg QE/g)
compared to those of AEE (83.16+5.34mg GAE/g and
21.05+2.18 mg QE/g).

3.4. Antioxidant Activity. The AEE and AME extracts from
Z. spinosa aerial parts and roots were screened for antiox-
idant activity at five different concentrations using 1,1-
diphenyl-2-picrylhydrazyl (DPPH) and hydrogen peroxide
(H,0,) assays to determine free radical scavenging activity
and ferric reducing antioxidant power (FRAP) to determine
reducing power capacity. The standard antioxidant, i.e.,
ascorbic acid, was used as the positive control. The ICs (the
concentration of extract or standard that can inhibit 50% of
the DPPH or H,0, capacity) or ECs, (the concentration of
extract or standard that can inhibit 50% of the FRAP ca-
pacity) values were determined from regression analysis of a
plot of percent inhibition against the extract concentration
(ug/mL). The results indicate a concentration-dependent
increase in antioxidant scavenging activity. A comparison of
the ICs values (ug/mL) obtained from the DPPH and H,0,
assays for the different extracts and ascorbic acid is presented
in Figure 3. The statistical analysis shows significant dif-
ferences (p < 0.05) in the ICs, values between AEE and AME
and between the two different plant parts. It may be worth
mentioning that in Figure 4, a lower ICs, value of the extract
means higher free radical scavenging activity. The highest
DPPH and H,O, scavenging potency was recorded for the
AME from the roots (IC50=12.33+1.88ug/mL and
39.37 +£2.59 ug/mlL, respectively), and the lowest activity was
recorded for the AEE from the aerial parts
(ICso=52.17 £7.30 ug/mL and 91.22 £ 2.60 yg/mL).

The reducing power of ferrous ions in the tested extracts
is presented in Figure 4. Similar to the radical scavenging
capacity, all extracts showed an increasing trend in anti-
oxidant capacity with increasing concentrations. A signifi-
cant difference in the ECs, value between the different
extracts and ascorbic acid was also observed. The FRAP
capacities of the four extracts were in the order of
R-AME > Ap-AME > R-AEE > Ap-AEE. The R-AME extract
showed good reducing power capacity with an ECs, value of
20.82 + 1.14 ug/mL, which is comparable to that of ascorbic
acid (13.27+£0.89 ug/mL).

3.5. Antimicrobial Activity. An agar well diffusion assay was
performed using 100 ug/mL of each Z. spinosa extract. The
results (Figure 5) show that compared with the standard
antimicrobials (ampicillin and nystatin), the four extracts
(i.e., R-AME, Ap-AME, R-AEE, and Ap-AEE) exhibit ap-
preciable activity against the tested human pathogens. In-
terestingly, Ap-AME exhibited broad-spectrum activity
(100%) against all of the tested pathogens, with inhibition
zones ranging from 12.6 £0.17 to 26.5 £ 0.20 mm, followed
by Ap-AEE, with inhibition zones ranging from 10.1 £0.10
to 23.2 + 0.17 mm; meanwhile, both root extracts exhibited
low activity, with inhibition zones ranging from 7.1 + 0.15 to
14.8 + 0.35 mm.

Based on the broth microdilution assays, the Gram-
positive bacterium (i.e., S. aureus) was the most suscep-
tible microorganism, with a minimum inhibitory con-
centration (MIC) of 128 ug/mL against the aqueous
methanol extract of the aerial parts of Z. spinosa. The Ap-
AME extract also showed appreciable activity with MICs
of 512 and 1024 yg/mL against the growth of P. mirabilis
and K. pneumoniae, respectively.

3.6. Correlation Analysis. Pearson’s correlation analysis
was performed to assess the correlations between TPC and
TFC and the IC5, or ECs, values of the antioxidant assays
as well as between the assays. Table 2 shows the correlation
coefficients (R) obtained between TPC and TFC and the
antioxidant capacities, and their linear correlations are
presented in Figure 6. A strong significantly positive
(R=0.947, p<0.01) correlation between TPC and TFC
was observed. Significant positive correlations were found
between the antioxidant assays. The lowest correlation was
found between the FRAP and H,O, assays (R=0.800,
p<0.01). Pearson’s correlation coefficient between the
TPC and the antioxidant capacities revealed that TPC
exhibited high negative correlations with the IC5, values
obtained in the H,0, (R=-0.940, p<0.01) and DPPH
(R=-0.817, p<0.01) assays and a medium correlation
with the ECsy, value obtained in the FRAP assay
(R=-0.586, p<0.05). Similarly, the TFC exhibited a
negative and high correlation with the IC5, values ob-
tained in the H,0, (R=-0.969, p<0.01) and DPPH
(R=-0.881, p<0.01) assays, though it also had a high
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FIGURE 3: Antioxidant activities of the aerial parts and root extracts of Z. spinosa in comparison to the standard, i.e., ascorbic acid: (a) ICs,
(pg/mL) values of the 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay; (b) ICso (1g/mL) values of the hydrogen peroxide (H,O,) scavenging
assay. AEE, aqueous ethanol extract; AME, aqueous methanol extract.
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FIGURE 4: Ferric reducing antioxidant power (FRAP) of the aerial
parts and root extracts of Z. spinosa.

negative correlation (R=-0.747, p<0.01) with the ECs,
value obtained from the FRAP assay.

4, Discussion

4.1. Extraction Yield. The extraction yield, defined as the
mass of extract recovered compared to the initial amount of
plant material, is a measure of the solvent’s efficiency to
extract the chemical constituents of the plant materials. The
mean values of the yielded extracts, presented as percentages
(%), were significantly (p <0.05) different among the plant
parts and solvents used for extraction. The extraction yields
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FIGURE 5: Antimicrobial activity screening of the different
Z. spinosa extracts.

TABLE 2: Pearson’s correlation coefficients of the antioxidant ca-
pacities, TPC, and TFC.

Parameters TPC TEC DPPH H,0,
TPC 0.947

DPPH —0.817* —0.881 =

H,0, —0.940 —0.969: 0.943

FRAP —0.586% —0.747 % 0.908 0.800

«Correlation is significant at p<0.01; * = correlation is significant at
p<0.05.
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FiGure 6: Correlation between TPC and TFC and the antioxidant capacities of the Z. spinosa aerial parts and root extracts: (a) linear
correlation between TPC and the antioxidant assays; (b) linear correlation between TFC and the antioxidant assays.

(Figure 1) show that the highest percentage of yield was
obtained in the aqueous ethanol extracts of both the aerial
parts and the roots (19.4% w/w and 11.6% w/w, respectively).
The results indicate that the aqueous ethanol extracted
higher yield than the aqueous methanol. Due to the fact that
the extraction yield increased with the increasing polarity of
the solvent used in the extraction and that water enhances
the polarity of the organic solvents, a higher yield was ex-
pected using the aqueous methanol rather than the aqueous
ethanol. The present results indicate that the higher ex-
traction yield obtained using the aqueous ethanol may be
attributed to the presence of less polar constituents that were
more readily extracted using aqueous ethanol than aqueous
methanol.

4.2. Phytochemical Profiling. The phytochemical screening
results presented in Table 1 show the presence of alkaloids,
glycosides, saponins, triterpenoids, tannins, phenols, and
flavonoids in different abundances in the extracts of
Z. spinosa aerial parts and roots. The presence of anthra-
quinones was not detected in either extract. The phyto-
chemical profile of Z spinosa obtained in this study
resembled that from previous reports [8, 11, 14]. The
presence of phytochemical constituents such as flavonoids,
glycosides, saponins, alkaloids, phenols, tannins, and ter-
penoids in this plant likely contributes to its biological
activity and may provide the basis for its uses in traditional
medicine. These phytochemicals have been proven to display
a wide range of pharmacological properties such as anti-
bacterial, antifungal, antiviral, anticancer, anti-inflamma-
tory, antitumor, and antithrombotic as well as antioxidant
[25]. For example, alkaloids, phenols, tannins, and flavo-
noids are known to have a wide range of biological activities,
including antibacterial, anti-inflammatory, and antioxidant
activities [25, 26]. Thus, the presence of such compounds in

the aerial parts and root extracts support the traditional use
of Z. spinosa in the treatment of gastrointestinal disorders.
The results of this study show that alkaloids are present in
abundance in the root extracts. It is reported that alkaloids
derived from plants exhibit antimicrobial and anticancer
effects [27]. Moreover, the phytochemical screening results
also show the presence of tannins, phenols, and flavonoids in
abundance in the root extracts. Phenolic and flavonoid
compounds are known for their antioxidant and antidiabetic
activities [28]. These findings can explain the use of the
whole plant of Z. spinosa for diabetes treatment.

4.3. Total Phenolic and Total Flavonoid Contents.
Polyphenols (i.e., flavonoids and phenolic compounds) are
naturally occurring antioxidants that are believed to play a
major role in the prevention of various diseases such as
diabetes, cardiovascular diseases, neurodegenerative dis-
eases, liver disease, and cancers [29]. Consequently, the
determination of TPC and TFC is necessary for predicting a
plant extract’s antioxidant capacity. Figure 2 shows the
presence of significant TPC and TFC in the four extracts of
Z. spinosa. R-AME possessed the highest TPC
(87.72£7.75 mg GAE/g), whereas Ap-AEE had the lowest
TPC (30.17 + 4.24 mg GAE/g). Similarly, the maximum TFC
was recorded in R-AME (25.60 +1.57 mg QE/g) and the
lowest TFC was present in Ap-AEE (7.40 + 1.02 mg QE/g).
These results indicate that the solvent type exerted signifi-
cant influence on the TPC and TFC extraction profiles. In
this study, AME was found to be the best extractant for
phenolic compounds compared to AEE. Importantly, the
magnitude of the values for TPC and TFC obtained for the
Z. spinosa aerial parts and root extracts are consistent with
those obtained for phenols and flavonoids during the pre-
liminary phytochemical screening (Table 1). These TPC and
TFC values are considered to be lower when compared to the



findings of Bouchouka et al. [9], who analyzed the fruits
extract of Z. spinosa collected from the Algerian Sahara.
Meanwhile, another study [10] tested the aerial parts of
Z. spinosa from Algeria, indicating much lower values
compared with our results. These variations in TPC and TFC
values might be due to the distinct geographical conditions
of the areas being studied, considering plants produce
polyphenols as a response to environmental factors (e.g.,
light, temperature, and competition), as well as edaphic
factors such as soil type [30]. Moreover, the types and
amounts of polyphenols vary depending on the species and
geographic origin and, importantly, the types of solvents
used for their extractions. The present estimations indicate
that Z. spinosa contains a significant amount of phenolic and
flavonoid content as well as considerable amounts of other
essential phytochemicals. The presence of valuable con-
stituents could account for the pharmacological activities
reported for Z. spinosa and might explain its extensive use in
traditional medicine.

4.4. Antioxidant Activity. 'The aerial parts and root extracts
of Z. spinosa were screened for antioxidant activity using the
DPPH scavenging, H,0O,, and FRAP assays. The results show
that all Z. spinosa extracts had strong antioxidant activities
corresponding to their ICs, values that ranged from
12.33£1.88 to 52.17+7.30 ug/mL in the DPPH assay and
from 39.37 +2.59 to 91.22+2.60 yg/mL in the H,O, assay,
while their ECs, values ranged from 20.82+1.14 to
98.70 + 2.21 pg/mL in the FRAP assay. A lower ICs, or ECs,
value corresponds to a higher antioxidant capacity, and
according to a previous report, a plant extract with an IC5, or
ECs of <100 ug/mL is classified as a strong antioxidant [31].
The outcomes herein indicate that the antioxidant potential
displayed by the aqueous methanol extract of the roots was
the highest. It displayed scavenging activity with IC5, values
of 12.33 +1.88 yug/mL in the DPPH and 39.37 + 2.59 ug/mL
in the H,O, assays as well as reducing power capacity with
an ECso value of 20.82+1.14ug/mL in the FRAP assay,
which were comparable to those displayed by the standard
antioxidant, i.e., ascorbic acid (Figures 3 and 4). The present
findings are in agreement with those previously reported for
Z. spinosa [9]. These appreciable radical scavenging activities
of Z. spinosa could be due to the relatively high TPC and
TFC in the roots and aerial parts of this plant. Notably, the
plant extracts’ phenolic/flavonoid contents were mainly
correlated with the plant’s antioxidant capacities [32, 33].
Thus, the strong antioxidant activity observed in the current
investigation is in accordance with the high TPC and TFC of
the Z. spinosa extracts. Owing to its strong antioxidant
activity, the use of Z. spinosa for the treatment of gastro-
intestinal disorders and diabetes has been reported [6].

4.5. Antimicrobial Activity. As demonstrated by Ruiz-Ruiz
et al. [34], the inhibition zones of 14.0-19.0mm and
>19.0mm can be classified as active and very active, re-
spectively. Thus, Z. spinosa has promising antibacterial
activity. Higher inhibitory activity was observed in the Ap-
AME against S. aureus (26.5+0.20mm), followed by Sh.
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flexneri (19.4+0.40 mm), P. mirabilis (17.7 £0.49 mm),
E.  coli (142+035mm), and K. pneumoniae
(13.0 +£0.00 mm). Ap-AEE also exhibited potent antibacte-
rial activity but with lower inhibition zones when compared
to Ap-AME. Meanwhile, both root extracts (R-AEE and
R-AME) exhibited activities with inhibition zones ranging
from 7.1 £0.15 to 14.8 +£ 0.35 mm against the tested bacterial
strains. These findings are comparable to those that previ-
ously revealed antibacterial activities for this plant
[8, 9, 11, 12]. Interestingly, all Z. spinosa extracts showed
potent antifungal activity against C. albicans (Figure 5).
However, Ap-AME was the most effective, with an inhibi-
tion zone of 12.6+0.17mm, followed by Ap-AEE
(11.4 £ 0.20 mm), whereas nystatin, the reference antifungal
drug, inhibited the growth of C. albicans with a
21.7+0.29mm zone of inhibition. These results disagree
with those of EL-Sharabasy and Mohamed [12], who re-
ported a negative antifungal effect of the aerial parts of
Z. spinosa against both C. albicans and Aspergillus flavus.

Based on the antimicrobial assays, the Gram-positive
bacterium (i.e., S. aureus) was the most susceptible micro-
organisms, with a 26.5 + 0.20 mm zone of inhibition and an
MIC of 128 ug/mL against the Ap-AME extract of Z. spinosa.
S. aureus is an opportunistic pathogen and one of the leading
causes of community-acquired infections throughout the
world [35]. It is susceptible to the reference antibiotic
chloramphenicol, with an MIC of 8 ug/mL. The obtained
findings are consistent with those of Alghanem et al. [11],
who reported that S. aureus is the bacteria most affected by
different extracts of Z. spinosa. The Ap-AME extract of
Z. spinosa also showed appreciable activity, with MICs of 512
and 1024 ug/mL against the growth of P. mirabilis and
K. pneumoniae, respectively. The considerable antimicrobial
activity of Z. spinosa may be attributable to its various
constituent phytochemicals (Table 1). Several reports have
noted that the antimicrobial activities observed using plant
extracts result from phytochemicals such as tannins, fla-
vonoids, alkaloids, glycosides, and terpenoids [36]. Addi-
tionally, the antibacterial activity of Z. spinosa, particularly
its anti-S. aureus effect, justifies the use of this plant in
traditional medicine for treating respiratory ailments and
their symptoms [8].

4.6. Correlation Analysis. Regarding the relationships be-
tween TPC and TFC and antioxidant activities, the studied
parameters were significantly correlated, as shown by
Pearson’s correlation matrix in Table 2. The highly sig-
nificant positive (R=0.947, p <0.01) correlation between
TPC and TFC observed in the present study was expected
because flavonoids can be classified as a group of phenolic
compounds. The TPC in the extracts of Z. spinosa
exhibited a significantly high negative correlation
(p<0.01) with the ICs, values obtained in the DPPH and
H,0, assays but exhibited a low negative correlation with
the ECs, value obtained in the FRAP assay (R=-0.586,
p<0.05). A similar trend was observed with TFC and the
IC5y and ECs, values obtained in the applied assays. These
results indicate that increases in the TPC and TFC decrease
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the IC5y or ECso values, resulting in high antioxidant
activity. The present findings are in agreement with pre-
vious reports that indicate that TPC and TFC are re-
sponsible for high antioxidant activity [37]. Significant
positive correlations were also detected between the an-
tioxidant assays, which indicates good agreement between
the antioxidant capacities obtained using these assays. The
ICsq values obtained in the DPPH and H,O, assays and the
ECso value from the FRAP assay along with the com-
parison of correlation coeflicients suggest that TPC and
TFC both contribute similarly to the observed antioxidant
activity of the Z. spinosa extracts.

5. Conclusions

The present study demonstrated that Z. spinosa extracts
exert antimicrobial activity against various human patho-
gens and indicate that it might be valuable in treating in-
fectious diseases caused by microorganisms. Furthermore,
Z. spinosa extracts were found to contain a high amount of
total phenolic and total flavonoids. Likewise, the extracts
revealed significant antioxidant activities against various
tests: DPPH, H,0,, and FRAP. In general, the results prove
the effectiveness of the plant for its potent antioxidant and
antimicrobial activities. Accordingly, the positive values of
the plant regarding its application in traditional medicine
have been confirmed. The present findings are expected to be
equally beneficial to everyone dealing with medicinal plant
benefits across the world. However, further studies, in-
cluding in vitro and in vivo investigations, are needed to
confirm their antimicrobial and antioxidant activities,
identify and isolate the active compounds, and elucidate
their pharmacological properties. Consequently, further
studies are being carried out by the authors to isolate the
flavonoid compounds of these extracts and to test their
effectiveness as anticancer agents.
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