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Introduction

Abstract

Zygophyllum is one of the most important genus of the plant family
Zygophyllaceae that grows in the desert and dry regions, is well-known for
its anti-inflammatory, antioxidant, antibacterial and anticancer properties.
three predominant species of genus Zygophyllum which grows in southern
Algeria (Z. album, Z.cornutum and Z.gaetulum) (ZAl, ZCo and ZGa) were
were analyzed for phenolic components by UPLC/MS-MS. Nineteen
phenolic compounds were identified, including Esculin Hydrate, Catechin
and Thymol as major constituents. The cytotoxicity assay of three
Zygophyllum ethanolic extracts on Saccharomyces cerevisiae showed that
ZAl and ZCo extracts are non-toxic at all tested concentrations. In contrast,
the ZGa extract significantly decreased cell viability by about 50% at the
highest concentration (10,000 pg/ml). The anti-inflammatory activity of
Zygophyllum extracts varied significantly across different concentrations.
Aspirin, used as a reference, showed a dose-dependent effect with a
maximum inhibition of 72.7% at 20 mg/ml. At the same concentration,
ZGa exhibited the strongest effect at 50.77%, followed by ZCo at 27.22%
and ZAl at 17.70%. The 1C50 values from the Alpha-amylase assay
indicated significant differences in the potency of the tested samples. ZAl
showed the highest potency with an 1C50 of 3.7, indicating effectiveness
but requiring more concentration than Acarbose.

Keywords: Zygophyllum, ethanolic, cytotoxicity, anti-inflammatory,
Alpha-amylase.

Zygophyllaceae is an ancient family of approximately 25 genera that grows in arid,

semiarid, and saline deserts worldwide and contains 240 species adapted to difficult climates!?,
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Species belonging to the genus Zygophyllum represent an important group of the plant family
Zygophyllaceae, succulent plants that are very drought-resistant, also salt-tolerant, and live in
dry climatic conditions®*. The Zygophyllum family comprises small trees and herbaceous
plants with attractive star-shaped flowers and some are toxic® as well as to their unpalatability?®.
The growth of Zygophyllum species is attributed to their ability to adapt to the salt, the chemical
nature of the soil (also soils polluted)’” and the drought, and they have broad-spectrum
resistance to many heavy metals like Pb, Cu and Zn8. The largest genus Zygophyllum consists
of one hundred species, distributed in desert and steppe habitats from the Mediterranean to
central Asia arriving in Australia and South Africa®. Many species of genus Zygophyllum are
widespread in the deserts of Algeria (Sahara) as in cases Z.album, Z.cornutum and

Z.gaetulum?®.

The local population for various ailments, such as gout!!, rheumatism??, diuretic®,
diabetes'4, and asthmal®, has utilized them in traditional medicine. Biological studies on
Zygophyllum  species have indicated significant ~Antihemolytic'®,  Antioxidant!/,
Antidiabetic'®, Antifungal'®, Cytotoxic?®, Antibacterial?t, Antiepileptic?> and Anti-
hyperlipidaemic?®. Phenolic compounds may have a role in these activities due to the presence

of many flavonoids and phenolic acids?*,

This paper foregrounds the richness of some species from the genus Zygophyllum of
the phytochemical bioactive compounds (phenolic compounds) responsible for the wide uses
of these species in traditional medicine and pharmaceutical such as cytotoxicity, anti-

inflammatory and Alpha-amylase.
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EXPERIMENTAL PART

Plant material

The aerial parts of Z.album, Z.cornutum and Z.gaetulum were collected in April from
the Sahara of Algeria, The identification was done according to the basis of Quezel and Santa

by Professor Youcef Halis researcher in Touggourt- Algeria.
Preparation of the extracts

20 g of air-dried aerial parts of Z.album, Z.cornutum and Z.gaetulum were macerated at
room temperature with 5 volumes of EtOH (CHsCH2OH) for 12h%. After the step of filtration,

then the filtrate was evaporated to dryness and kept at 4C°.

Ultra-performance liquid chromatography-mass spectrometry (UPLC-
ESI-MS/MS)

Chromatographic analysis of Z.album, Z.cornutum and Z.gaetulum was conducted
using the Shimadzu 8040 UPLC-MS-MS equipped electrospray ionization with binary bump
(Nexera XR LC-20AD). Gradient elution was carried out as follows with the mobile phase
consisting of A: (H20 and 0.1 % HCOOH) and B: Methanol (CH3sOH) amounting to a total
flow of 200 uL/min with a set injection volume of 5ul. A Restek Ultra C18 analytical column
(2.1x150 mm, 3 um) was used for chromatographic separation. The tune page parameters for
the ionization source were the following: 6 kV for the spray voltage with nebulizing gas flow
3 1/min, 250 °C for the source temperature and 400-C for the desolvation temperature. Elution
was started at 85 % solvent A at 0 min to 1min, afterwards 5 % A at 1 min to 10 min, following
5% A at 10 min to 18 min and finally 85 % A at 18 min to 23min. Large-scale analysis of
phenolic compounds by shotgun mass spectrometry starts with the measurement of the mass-
to-charge ratio (m/z) to identify each compound, after that, it was compared with their
respective standard such as Esculin Hydrate, Ferulic Acid, 8-hydroxyquinoline, beta-carotene,
Curcumin, Rutin, Oleanolic Acid, Kojic Acid, Chrysin, Riboflavin, Quercetine, Vanillin,

Catechin, Thymol, Caffeic Acid, Chlorogenic Acid, Vanillic Acid, Gallic and Salycilic acid.
Cytotoxicity tests by yeast cells

The cytotoxic effects of various concentrations of Z.album, Z.cornutum and Z. gaetulum

extracts (Zai, Zco, Zca) On the growth of Saccharomyces cerevisiae were evaluated using a
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growth sensitivity assay?®. Initially, the ethanolic extracts were serially diluted in two-fold
increments to achieve concentrations ranging from 1.25x10° to 10x10% pg. Yeast cells at a
density of 2x107 cells/ml in 100 mM potassium phosphate buffer (pH 7) were exposed to these
concentrations for 30 min at 37°C in a 96-well plate—cells without treatment served as
controls. Following treatment, 3ul of each culture was spotted onto YPD-agar plates
supplemented with 2% glucose, both with and without the Zygophyllum extracts at varying
concentrations. After that, all the plates were then incubated at 37°C for 48 hours. Finally,
Growth outcomes were documented using an Epson® scanner to assess the impact of the three

Zygophyllum extracts on yeast viability.
Anti-inflammatory activity

This protocol is meticulously crafted to evaluate the inhibitory effects exhibited by
various concentrations of Zygophyllum ethanolic extracts on the protein denaturation, utilizing
a modified egg white model specifically designed for microplate assays?’. First, a 10% egg
white protein solution is prepared by diluting fresh egg white with distilled water. For the assay,
50 pL of this solution is added to each microplate well. Then, 10 pL of each plant extract, with
concentrations ranging from 10,000 to 12,500 ug/ml, is incorporated into the wells. The three
samples are subsequently incubated at temperatures ranging from 70 to 80°C for 15 to 20 min,
optimized to promote protein denaturation. The extent of protein denaturation is measured
using UV-visible spectrophotometry at a wavelength of 280 nm, where the absorbance of

undenatured proteins usually reaches its maximum.

Aspirin is utilized as a comparative control at varying concentrations under the same
assay conditions to evaluate its standard anti-denaturing effects against those demonstrated by
the extracts.

Alpha-amylase inhibitory assay

The Alpha amylase inhibitory activity of Zai, Zco and Zga extracts with different
concentrations was determined lodine method®. Firstly, the alpha-amylase enzyme was
prepared in phosphate buffer (pH 7), an iodine reagent in potassium iodide solution and a 1%
w/v starch solution in distilled water. Briefly, 40ul of different concentrations of Zygophyllum
extracts and 40ul of starch solution are added to each well of the microplate, followed by 20
ML of the pre-diluted alpha-amylase enzyme solution. The mixture is then incubated at 37°C

for 10 minutes, allowing the enzyme to interact with the starch in the presence of the Zai, Zco
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and Zga extracts. The reaction is terminated by adding 20 pL of iodine reagent, which reacts
with any undigested starch to create a blue-black complex, and the absorbance was measured
at 620nm. For controls, wells are set up with starch and enzyme without Zygophyllum extract
as a negative control, and wells with enzyme and starch but no iodine reagent as a positive
control to measure full enzyme activity. Additionally, acarbose, a well-known alpha-amylase
inhibitor, is used as a reference drug to establish a baseline for enzyme inhibition.

Results

Ultra-performance liquid chromatography—mass spectrometry (UPLC-

ESI-MS/MS) analysis of Zygophyllum extracts

The phytochemical composition of Zygophyllum was studied in 3 species (Z.album,
Z.cornutum and Z.gaetulum) of the family Zygophyllaceae for the first time as a comparative
study using UPLC/MS-MS. The comparative analysis allowed 19 diversity of compounds to
be identified in these species. A total of phenolic compounds for the extractions of three
species of Zygophyllum were identified and quantified with area, including 8 acids and 11
flavonoids by using UPLC-ESI-MS/MS (Figurel) .

[ TR

VAN

ZCo

ZGa ‘

Figure 1: UPLC—ESI-MS/MS chromatograms of Zai, Zco and Zga extracts.
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The obtained results demonstrated that the Z.album, Z.cornutum and Z.gaetulum
extracts have different phenolic composition profiles and concentrations (area). The common
phenolic constituents within the different extracts for Zai, Zco and Zga were detected as the
Esculin Hydrate are significantly higher than the other constituents (Esculin Hydrate is in
higher concentration in the extract of Za), also Ferulic Acid, beta-carotene, Curcumin,
Riboflavin and Quercetine. Rutin, Vanillin, Thymol and Salicylic acid were found in just
Z.album and Z.cornutum extracts (Catechin is the highest among them). The remaining
constituents are found in one or two extracts, with almost insignificant amounts. A previous
study reported the presence of Rosmarinic acid, Sinapic acid, Catechin, Caffeic acid, Caffeic
acid and Chlorogenic acid in specie of Zygophyllum?®. Another study revealed the presence of
Catechol, Coumarin and Resorcinol in another specie of Zygophyllum®. Another study also
revealed the presence of gallic acid, p-coumaric acid, chlorogenic acid, caffeic acid, vanillic
acid, vanillin, quercetin, rutin, naringin and quercetin in Zygophyllum album?®!. This report
confirmed the presence of many phenolic components such as acids and flavonoids in 3 species
of Zygophyllum (Table 1).

Table 1: Results of the molecules detected in Zai, Zcoand Zga extracts by UPLC-ESI-
MS/MS analysis

Compound name Molecular Weight Species extract m/z Retention Time Area

Z.album 15.323 36382222

Esculin Hydrate 358.3 Z.cornutum 359.1 15.641 10470600

Z.gaetulum 15.435 5518942

Z.album
Ferulic Acid 194.18 Z.cornutum 194.8 ND

Z.gaetulum

Z.album 8.170 24352

8-hydroxyquinoline 145.16 Z.cornutum 146.2 ND

Z.gaetulum ND

Z.album
beta-carotene 536.87 Z.cornutum 536.9 ND

Z.gaetulum

Z.album ND

Curcumin 368.4 Z.cornutum 368.9 12.172 16507

Z.gaetulum ND

Z.album
Rutin 610.5 Z.cornutum 611.2 ND

Z.gaetulum
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Oleanolic Acid

456.7

Z.album

Z.cornutum

Z.gaetulum

457.1

12.810

24608

ND

ND

Kojic Acid

14211

Z.album

Z.cornutum

Z.gaetulum

142.8

ND

Chrysin

254.24

Z.album

Z.cornutum

Z.gaetulum

254.8

ND

Riboflavin

376.4

Z.album

Z.cornutum

Z.gaetulum

368.9

ND

Quercetine

302.23

Z.album

Z.cornutum

Z.gaetulum

302.4

12.988

138799

12.490

67201

13.102

137162

Vanillin

152.15

Z.album

Z.cornutum

Z.gaetulum

153.2

8.538

78672

9.417

49202

ND

Catechin

290.27

Z.album

Z.cornutum

Z.gaetulum

291.1

14.074

227713

14.395

341127

ND

Thymol

150.22

Z.album

Z.cornutum

Z.gaetulum

151.1

9.985

209247

10.655

321938

ND

Caffeic Acid

180.16

Z.album

Z.cornutum

Z.gaetulum

No peak

ND

ND

10.217

212418

Chlorogenic Acid

354.31

Z.album

Z.cornutum

Z.gaetulum

No peak

ND

Vanillic Acid

168.15

Z.album

Z.cornutum

Z.gaetulum

No peak

7.676

19246

ND

ND

Gallic acid

170.12

Z.album

Z.cornutum

Z.gaetulum

No peak

ND

Salicylic acid

138.12

Z.album

Z.cornutum

Z.gaetulum

137

6.642

147107

8.165

73101

ND
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Cytotoxicity assay

The cytotoxicity assay results on Saccharomyces cerevisiae using three different
Zygophyllum extracts show varying effects on yeast cell viability. Za and Zco Extracts showed
no significant cytotoxic effects across all tested concentrations, with cellular viability similar
to that of the untreated control. This suggests that these two extracts are non-toxic to the yeast
cells under the tested conditions, potentially indicating a benign biochemical profile concerning
S. cerevisiae. In contrast, Zga extract exhibited a significant cytotoxic effect at the highest
concentration tested (10,000 pg/ml), where there was approximately a 50% reduction in cell
viability compared to the untreated control. This decrease in viability was distinctly in the
semiquantitative spot assay, highlighting a strong inhibitory effect on yeast growth at this
concentration. At lower concentrations, beginning at 5000 pg/ml, the growth of the yeast cells
was not significantly affected, showing full recovery and 100% viability relative to the

untreated sample (Figure 1).

S1 S2
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Figure 2: Assessment of Zygophyllum extracts on Saccharomyces cerevisiae growth: a semi-
guantitative analysis using a spot-assay technique, (S1: Zai extract, S2: Zco extract, S3: Zga

extract).

These findings suggest that while Extracts Zaiand Zco extracts can be considered safe
for yeast cells within the experimental concentration range, but Zga extract may be toxic or
contains compounds that are potentially toxic or have antifungal properties that warrant further
investigation to identify the active constituents and understand their mode of action. Based on
these results and what has been studied in the studies of each of Elbadry et al., and Mohammed
et al. who have demonstrated variation in toxicity against many cells such as: and against MCF-
7, HCT-116, HepG2 cell-lines, and HeL.a and MCF-7 cell®?32,
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Anti-inflammatory activity

The anti-inflammatory activity results demonstrated significant variations in the
percentage of inhibition across different concentrations of the Zygophyllum extracts and
Aspirin. Aspirin, used as a reference anti-inflammatory drug, presented a dose-dependent effect
with a maximum effect of 72.7% at the dose of 20 mg/ml. At the same concentration, the extract
of Zga exhibited the strongest inhibitory effect at 50.77%, followed by Zcoat 27.22% and Zaj
at 17.70%. As the concentration decreased to 5 mg/ml, inhibition rates remained relatively high
for Zga (42.18%) and Zco (25.65%), while Zai showed a reduction to 13.41%. At lower
concentrations (2.5 mg/ml and below), the inhibitory effects diminished, with Zg, still showing
35.38% inhibition at 0.625 mg/ml which is considered very close to the rate of inhibition of
Aspirin 38.55% (Figure 3).

80
70
60
50
40
30
20
10

0

% Inhibition

20 10 5 2.5 1.25 0.625

Z.album Z.cornutum Z.gaetulum Aspirin

Figure 3: Effect of different plant extracts on inhibition of protein (egg albumin)

denaturation. Aspirin was used as a control.

Anti-inflammatory activity of Zygophyllum extracts have been reported in several
studies such as the study of Shawky et al., Bahlil et al. and Abdelhameed et al. have proven the
presence of anti-inflammatory efficacy, since they contain numerous active compounds that
contribute to inhibiting inflammation, extracts from various types of Zygophyllum can

demonstrate significant potential for therapeutic use in inflammatory conditions3*3¢.

The mechanism of protein denaturation is complex and involves modifications in

bonds, leading to the formation of autoantigens in conditions like rheumatoid arthritis, cancer
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and diabetes, which are directly associated with inflammation. Therefore, by inhibiting protein

denaturation, inflammatory activity can be inhibited*’.

The egg albumin method offers a cost-effective alternative and is quick for testing the
anti-inflammatory activity of herbal medicines using the denaturation technique, and this

approach should be validated through further studies.
Alpha-amylase inhibitory assay

The IC50 values obtained from the Alpha-amylase assay reveal significant differences
in the potency of the tested samples. Acarbose (an oral medication used to manage type 2
diabetes) exhibited the highest potency, with an 1C50 of 0.417 mg/ml, indicating its
effectiveness in inhibiting the target activity at low concentrations. In comparison, the extract
Zaishowed a higher IC50 of 3.7 mg/ml, demonstrating notable effectiveness but requiring more
concentration than Acarbose. Zga extract also displayed moderate potency with an 1C50 of 9.5
mg/ml, while Zc, had the least potency among the samples, with an 1C50 of 16.3 mg/ml. These
results suggest that Zai is the most effective anti-inflammatory agent tested of the extracts,

followed by Zga, With Zco requiring significantly higher concentrations for similar inhibitory

i

Z.album Z.cornutum  Z.gaetulum Acarbose

effects (Figure 3).

e e
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IC50 (mg/ml)
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Figure 3: a-Amylase inhibitory activity of the different extracts tested: comparison of 1C50

values.

Several studies have shown that certain spices Zygophyllum extracts can lower blood

sugar levels by evaluating their activity against a-amylase and a-glucosidase, like Mnafgui et
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al., Al-Omar et al., Kchaou et al. and Medjdoub et al. supports these findings, highlighting the

important potential of many species Zygophyllum as a natural anti-diabetic agent®®-4L,

a-Amylase inhibitors, work by binding to the enzyme's active site, preventing it from

acting on dietary carbohydrates, and this leads to decreased glucose absorption®?.

Overall, the inhibition of a-amylase by species of Zygophyllum extracts presents a
promising avenue for the development of natural anti-diabetic therapies. Understanding the
mechanisms and knowing the active compounds involved will be critical for harnessing their
full potential in clinical applications. Future studies should focus on isolating the compounds
that Contribute to this activity and exploring their effects in vitro and in vivo to further elucidate
their role in diabetes management.

Conclusion

The chemical constituents profiling through UPLC-ESI-MS/MS analysis of Z.album,
Z.cornutum and Z.gaetulum was achieved, and ninteen compounds belonging to two different
chemical classes phenolic acids and flavonoids. The study of species Zygophyllum extracts
reveals varying degrees of cytotoxicity, anti-inflammatory and Alpha-amylase activity,
highlighting their potential as therapeutic agents whether as pharmaceutical medications or as
medicinal herbs. Za and Zco extracts demonstrated non-toxic effects on Saccharomyces
cerevisiae, while Zga exhibited significant cytotoxicity at higher concentrations. In terms of
anti-inflammatory potency, Zaiextract was identified as the most effective, followed by Zg,,
with Zco extract showing the least potency. The IC50 values established Zygophyllum extracts
as relatively promising candidates for further investigation in managing diabetic conditions,
particularly given their varying effects on alpha-amylase activity and cell viability. To gain
clearer insights into the effectiveness of species of genus Zygophyllum, future research should
focus on isolating and characterizing the active compounds within these extracts. This
separation will help optimize their therapeutic applications and elucidate the mechanisms of
action potentially leading to more targeted and effective treatments.
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