Hindawi

Andrologia

Volume 2023, Article ID 7771525, 13 pages
https://doi.org/10.1155/2023/7771525

Research Article

WILEY | Q@) Hindawi

Ethanolic Purslane (Portulaca oleracea) Leaf Extract Improves
the Quality of Cryopreserved Goat Semen

Wael A. Khalil ,"' Aya A. Ismail ©,' Ramya A. Sindi,> Abdel-Khalek E. Abdel-Khalek (,"
Ahmed 1. Yousif®,> Ayman A. Swelum ,¥ and Mostafa A. El-Harairy !

"Department of Animal Production, Faculty of Agriculture, Mansoura University, Mansoura 35516, Egypt

Department of Laboratory Medicine, Faculty of Applied Medical Sciences, Umm Al-Qura University, Mecca, Saudi Arabia
?Animal Production Research Institute, Agriculture Research Centre, Ministry of Agriculture, Dokki, Giza 12619, Egypt
*Department of Theriogenology, Faculty of Veterinary Medicine, Zagazig University, Zagazig 44519, Egypt

Correspondence should be addressed to Wael A. Khalil; w-khalil@mans.edu.eg and Ayman A. Swelum; aymanswelum@zu.edu.eg
Received 29 December 2022; Revised 8 February 2023; Accepted 13 March 2023; Published 23 March 2023
Academic Editor: Fares El Sayed Mohammed Ali

Copyright © 2023 Wael A. Khalil et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Portulaca oleracea contains a wide range of chemical constituents, including flavonoids, alkaloids, polysaccharides, fatty acids,
terpenoids, sterols, proteins, vitamins, and minerals. These chemical constituents are linked to the plant’s diverse
pharmacological properties, such as antimicrobial and antioxidant activities. Therefore, this study is aimed at evaluating the
effect of adding two concentrations (50 or 100 pug/mL) of Portulaca oleracea leaf ethanolic extracts in a native form (POLE) or
nanoformulation (POLENF) on the antioxidant status of sperm medium to improve goat sperm freezability. Semen was
evaluated postequilibration (5°C for 2h), postthawing, and 2h postincubation (37°C and 5% CO,). Phytochemical analysis
showed the presence of 30 compounds in POLE, including phenolic acids and flavonoids and their glucosides. Total flavonoids
were higher in POLE than in POLENF. Both extracts showed strong free radical scavenging capacity by the 2,2-diphenyl-1-
picryl-hydrazyl-hydrate assay, which was higher for POLENF than POLE, whereas the antioxidant activity by the ferric
reducing antioxidant power assay had no differences. In comparison to free extender, the addition of POLE (100 ug) or
POLENF (50 and 100 ug) significantly improved sperm motility and viability postequilibration and postincubation and
antioxidant status of sperm medium postthawing. All POLE and POLENF concentrations significantly improved motility,
viability, membrane integrity, and apoptosis of spermatozoa postthawing. Enzyme activities of AST, ALT, and LDH in sperm
medium postthawing were not affected by treatments. In comparing different types and concentrations of POLE with free
extender, the addition of POLENF (100 ug/mL) to goat semen extender gave the most valuable results as an effective free
radical scavenger and antiapoptotic during cryopreservation.

1. Introduction

Sperm cryopreservation, with a focus on freezing, is a vital
technique for animal production, especially goat farming.
This reduces breeding expenses by preventing the need to
buy and retain breeders while increasing revenues through
genetic improvement by employing high-quality germplasm,
managerial ease, and even the sale of sperm. Despite this,
after artificial insemination with frozen goat sperm, the fer-
tility rate is lower than intended, stressing the need to

improve the sperm quality. Supplementing antioxidant com-
pounds to semen extenders before cryopreservation is one
strategy for preventing oxidative stress [1-3].

Most antioxidants are phenolic compounds that can
reduce oxidative stress as scavengers of different free radical
species (reactive oxygen species (ROS)). Thus, the phenolic
compounds in a plant have antioxidative actions. Antioxidants
can neutralize or scavenge ROS and are potential for optimal
health protection [4]. Plants comprise a great variety of com-
pounds, such as flavonoids (flavones, anthocyanins, etc.),
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and phenolic components, such as nonflavonoids (phenolic
acids, lignins, stilbenes, terpenoids, etc.). These compounds
differ in their structures (number and position of phenolic
hydroxyl groups), resulting in marked variation in their anti-
oxidative actions [5]. Several reports have indicated a positive
correlation between the phenolic compound contents in
plants with the antioxidative capacity [6, 7]. Portulaca oleracea
L. (PO), Portulacaceae family, genus Portulaca, commonly
named purslane, is widely used as a potherb in different coun-
tries (the Mediterranean, Central Europe, and Asia). The
World Health Organization (WHO) listed PO as a medicinal
plant; it has been given the term “Global Panacea” due to its
high distribution in various environmental conditions [8, 9]
and exhibition of pharmacological impacts, including antioxi-
dant [5, 10-12], anti-inflammatory [13], and antibacterial [14]
properties. Also, PO is taken to improve the male reproductive
functions and fetal development in females [15]. The antioxi-
dant capacity of PO involves different compounds (i.e., alka-
loids [16-20], flavonoids [21, 22], phenolic acids [5],
terpenoids [23], coumarins [24], a-linolenic acid, -carotene
[25], and trace elements [26]). PO is rich in polyunsaturated
fatty acids, including w-3 (a-linolenic acid; C18:3) and w-6
(linoleic acid; C18:2) [27, 28]. Compared to other vegetables,
PO contains the highest content of w-3 fatty acids [27]. Also,
PO contained glutathione [29], gallotannins [30], terpenoids
[31], and volatile oils [31]. Moreover, shoots of PO included
high levels of vitamins, such as A, E, C, B1, B2, B3, B6, and
B9, and minerals, such as Ca, Fe, Mg, Mn, K, and Zn [27,
32]. PO leaves (POL) have a protective ability against oxidative
stress caused by vitamin A deficiency [33]. Also, polysaccha-
rides in PO act as scavengers of superoxide anion, 2,2-diphe-
nyl-1-picryl-hydrazyl-hydrate (DPPH), nitric oxide, and
hydroxyl radicals in a dose-dependent manner [34]. PO also
increases the antioxidant enzyme activities in hepatic, renal,
and testicular tissues [35]. As observed in other vegetables,
there are marked differences in antioxidant contents in differ-
ent parts of PO, which may depend on environmental condi-
tions, and POL has higher antioxidant properties through the
phosphor-molybdenum assay [36, 37]. Several reports have
mentioned the free radical scavenging property of PO extract
in terms of the presence of phenolic compounds, ascorbic acid,
a-tocopherol, and pigments [5, 38, 39]. Portulaca oleracea leaf
extract (POLE) can act as a donor of electrons by reacting with
free radicals to convert these radicals to stable products [40]
and also block the radical chain reaction [41].

Recent nanotechnologies reflect new prospects for devel-
oping novel and noninvasive techniques for sperm cryopres-
ervation [42]. The key factor of nanoparticle (NP) activity is
the characteristics of their surface, such as size, charge den-
sity, and hydrophobicity. Different types of NPs are new
forms of materials with promising biological properties
and low toxicity and seem to have a high potential for pass-
ing through physiological barriers and accessing specific tar-
get tissues [43]. Furthermore, the antioxidant properties of
herbal NPs recently contributed to optimizing the cryopres-
ervation protocols [44, 45].

Information on the effect of POLE in semen extenders on
improving the quality of preserved semen is rare. In this study,
ethanolic POLE is preferred because it is a proper solvent used
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in polyphenolic compound extraction from plant tissues. Eth-
anol, like methanol, can inhibit the polyphenol oxidase action
that causes polyphenol oxidation, and it is easier to evaporate
than water [46]. This study is aimed at evaluating the effect of
adding two concentrations of ethanolic POLE, as a natural
antioxidant, in a native form or nanoformulation on increas-
ing the antioxidant status of sperm medium to improve the
sperm freezing ability of goat semen.

2. Materials and Methods

2.1. Extract Preparation and Characteristics

2.1.1. Harvest and Preparation of Ethanolic POLE. POL was
harvested from a local region in Dakahlia Governorate,
Egypt, dried, and grounded, and ~100 g of leaves was soaked
thrice in 100% ethanol (500 mL) at ambient temperature.
After extraction, POLE was first filtered through a fresh cot-
ton plug and finally with Whatman filter papers (No. 1) and
then dried under a vacuum (40°C).

2.1.2. Nanoformulation of POL (POLENF). POLENF was
prepared from POL by hydrothermal squeezing according
to Shin et al. [47]. A sample of dried POL (10 g) was placed
in analytical grade ethanol (60mL) in a Teflon beaker
(100 mL). The mixture was placed for ~10h in an autoclave
(70 psi at 110°C without stirring). The extract was squeezed
from the leaves under the temperature and pressure in the
autoclave. The obtained extract was collected, centrifuged
at 6000 rpm for 10 min, and stored in a cold dark place until
dried under a vacuum (40°C).

2.1.3. Ultramorphology of POLENF. In the Electron Micro-
scope Unit at the Central Lab of Mansoura University, trans-
mission electron microscopy (TEM; JEOL-JEM-2100; JEOL
Ltd., Tokyo, Japan) was used to evaluate POLENF morphol-
ogically at 160kV. A mixture of 1 mL POLENF sample and
double-deionized water was sonicated by an ultrasonic bath
for 2min. By adding one drop of the diluted POLENF to a
carbon-coated copper grid, a thin film stretched over the
holes was done, the excess materials were removed, and
the film was dried at room temperature. Using the image
captured by Gatan version 2.11.1404.0, the average diame-
ters of POLENF were estimated in Nano Measurer 1.2.5 in
250 particles for the extract against the scale bar provided
with the image capture system.

2.1.4. Phytochemical Analysis of Ethanolic POLE. Phyto-
chemical analysis was carried out using high-performance
liquid chromatography-photodiode array detector-tandem
mass spectrometry (HPLC-PDA-MS/MS). The LC system
was Shimadzu LC-MS 8050 (Shimadzu, Japan) coupled with
a triple-quadruple spectrometer with an electrospray ioniza-
tion (ESI) source. The separation was achieved using a C18
reverse-phase column (Zorbax Eclipse XDB-C18; rapid reso-
lution, 4.6 x 150 mm, 3.5 um; Agilent, USA). A gradient of
water and acetonitrile (ACN; 0.1% formic acid each) was
applied from 5% to 60% ACN over 36 min with a flow rate
of 1 mL/min. The samples were injected automatically using
Autosampler SIL-40C xs. The instrument was controlled by
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LC solution software (Shimadzu). MS operated in the nega-
tive mode. The collision energy of 35% was used in MS/MS
fragmentation. The ions were detected in a full-scan mode
and a mass range of 100 to 1500 m/z.

2.1.5. Total Flavonoid Content (TFC) and Total Phenolic
Content (TPC) in POLE. The FLUOstar Omega (BMG Lab-
tech, Ortenberg, Germany) microplate reader was used for
measuring TPC and TFC in POLE and POLENF at 630
and 510nm (UV spectrophotometer), respectively [48, 49].
TPC and TFC were expressed in terms of mg gallic acid
equivalent (GAE)/g extract and mg/g extract, respectively.
The experiment was repeated thrice at each concentration.

2.1.6. DPPH Free Radical Scavenging Assay. The free radical
scavenging capacity of POLE and POLENF was deter-
mined by the DPPH assay, as described previously [50].
The hydrogen atom-donating ability of the plant extrac-
tives was determined by the decolonization of the metha-
nol solution of DPPH. DPPH produces a violet/purple
color in methanol solution and fades to shades of yellow
color in the presence of antioxidants. Absorbance was esti-
mated using the FLUOstar Omega microplate reader at
540 nm. Trolox standard preparation for DPPH is as fol-
lows: a stock solution of 100 uM concentration of Trolox
was prepared in methanol from which 7 concentrations
were prepared including 50, 40, 30, 20, 15, 10, and 5uM.
The measurement was repeated thrice.

2.1.7. Ferric Reducing Antioxidant Power (FRAP) Assay. The
FRAP assay was used to determine the power of antioxidants
based on the reduction at low pH value of ferric-
tripyridyltriazine (TPTZ) to an intense blue color ferric-
TPTZ complex with an absorption maximum at wavelength
of 593 nm. Trolox standard for FRAP assay was prepared as
follows: Trolox stock solution of 2 mM in methanol was pre-
pared, and 8 serial dilutions were prepared in the concentra-
tions of 1500, 1000, 800, 600, 400, 200, 100, and 50 uM. The
measurement was repeated thrice. In POLE or POLENF, the
ferric reducing antioxidant capacity (FRAC) assay was per-
formed by the FLUOstar Omega microplate reader [51].

2.2. Experiment of Semen Cryopreservation

2.2.1. Animals. In this study, five sexually mature Damascus
bucks with a body weight of 60 to 70kg and age of 2 to 4
years with acceptable semen quality were used for semen
collection. Animals were kept under the same management
and feeding systems. The ration presented to animals con-
sisted of 1kg concentrate/buck (14% CP) and 0.750 kg ber-
seem (Trifolium alexandrinum) hay/buck. Free access to
trace-mineralized salt lick blocks and drinking water was
available at all times. This study was approved by the Scien-
tific Research Ethics Committee of Mansoura University in
accordance with Animal Research: Reporting of In Vivo
Experiments guidelines.

2.2.2. Semen Collection. A conventional artificial vagina for
goat bucks was used before feeding (7:00-8:00 a.m.) for
semen ejaculation. Bucks were used as semen donors weekly

for 6 semen collection weeks (30 ejaculates). After ejacula-
tion, individual semen was placed in a water bath at 37°C
and immediately transported to the laboratory. Only semen
ejaculates with mass motility of >70%, viability and mem-
brane integrity > 80%, and sperm concentration > 2.4 x 10°
/mL were pooled in each run.

2.2.3. Semen Extender Preparation. The basal extender used
for semen dilution in this study was Tris-citric-lecithin,
including Tris (3.028 g), citric acid monohydrate (1.675g),
glucose (1.25g), 1% soybean lecithin (L-phosphatidylcho-
line, LAB, product no. MC041), 5% glycerol, penicillin
(100 ug/mL), and streptomycin (100 gg/mL; Sigma, Chemi-
cal Co., St. Louis, MO, USA).

Before the addition of cryoprotectants, the extender was
assessed to 280 to 300 mOsmol using an osmometer (Micro-
Osmometer, Loser Type 6; Loser Messtechnik, Berlin, Ger-
many) and a pH value of 6.8 to 6.9 using a pH meter (pH/
mV Temperature Meter, Jenway 3510; Jenway, Staffordshire,
UK). Before semen dilution, the extender was gently shaken
and warmed up to 37°C in a water bath.

2.2.4. Experimental Design. In this study, semen was diluted
with five extender types as follows: E1 = control extender, E2
= control extender supplemented with POLE at 50 yg/mL
extender, E3 = control extender supplemented with POLE at
100 ug/mL extender, E4 = control extender supplemented
with POLENF at 50ug/mL extender, and ES5 = control
extender supplemented with POLENF at 100 yg/mL extender
(see Figure 1). The dilution rate of the semen with different
extenders was at 1:20 (semen/extender) to reach an initial
concentration of 2.4 x 10° sperm/mL in the pooled semen.

2.2.5. Freezing and Thawing. The pooled semen was divided
into five tubes, and each tube was extended with each type of
extender. After dilution, semen was shaken gently and
placed in a water bath (37°C) and equilibrated at a cool tem-
perature (5°C) for 2h (equilibration period) before loading
into straws (0.25mL). Over 4 cm of vapor of liquid nitrogen
(LN) vapor, the straws were cooled for 10 min and placed
deeply in LN. Semen was cryopreserved (4 weeks) until
thawing at 37°C for 30s in a water bath for further semen
evaluations.

2.2.6. Semen Evaluation. The same professional investigator
performed the blind analysis conducted in three replicates.
Semen was evaluated for progressive motility, vitality, mem-
brane integrity, and abnormality after equilibration at 5°C
for 2h, thawing at 37°C for 30s, and incubation at 37°C
and 5% CO, for 2h.

Sperm progressive motility was determined by a phase-
contrast microscope (DM 500; Leica, Switzerland) in a
diluted semen sample (10uL aliquot) on a warm slide
(37°C). In five microscopic fields, the sperm count was deter-
mined for sperm cells showing forward movement in a long
semiarc pattern.

Sperm vitality and abnormality were estimated accord-
ing to Moskovtsev and Librach [52] in a mixture of diluted
semen samples with dual stain (5% eosin and 10% nigrosine)
smeared on a glass slide. A light microscope (Leica DM 500;
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FiGure 1: Experimental design.

Leica Mikrosysteme Vertrieb GmbH, Wetzlar, Germany)
examined five fields at x400 magnification. Stained (dead),
unstained (live), and the total number of sperm cells in five
microscopic fields were counted as sperm vitality percent-
ages. On the same slides, the sperm morphological abnor-
malities concerning head, middle piece, main piece, and
cytoplasmic droplets were counted to calculate the sperm
abnormality percentage [53].

Sperm membrane integrity was determined by the
hypoosmotic swelling test according to Neild et al. [54]. A
solution of 75mOsmol/L, including fructose (6.75g/L) and
sodium citrate (3.67 g/L), was used as a hypoosmotic solution.
About 100 uL of this solution was added to 10uL diluted
semen and incubated at 37°C for 30 min. In five microscopy
fields, sperm cells showing swollen or/and curling were deter-
mined using phase-contrast microscopy (x400).

2.2.7. Antioxidant Capacity and Enzyme Activities. In post-
thawed semen, the antioxidant capacity parameters, includ-
ing total antioxidant capacity (TAC), malondialdehyde
(MDA), and hydrogen peroxide (H,0,) levels, were deter-
mined according to Aebi, Koracevic et al, and Ohkawa
et al. [55-57], respectively. The activity of lactic dehydroge-
nase (LDH) was assayed after the method of Bais and Phil-
cox [58], whereas aspartate transaminase (AST) and
alanine transaminase (ALT) activities were measured as
described by Reitman [59]. All assays were achieved using
a spectrophotometer (Spectro UV-Vis Auto, UV-2602;
Labomed, Los Angeles, CA, USA) and commercial kits (Bio-
diagnostic, Giza, Egypt) according to the manufacturer’s
instructions.

2.2.8. Annexin V/Propidium Iodide (PI) Assay (Sperm
Apoptosis and Necrosis). Three samples of semen extended
with each type of supplementation were assessed for pro-
cessing Annexin V staining according to Chaveiro et al.
[60]. Briefly, sperm cells (1 mL) were suspended in a 2mL
binding buffer and well mixed. About 100 uL of this suspen-
sion was mixed in Annexin V (5 uL; fluorescein isothiocya-

nate label) and PI (5uL; phycoerythrin label) and
incubated in a dark place at room temperature for at least
15 min. The incubated sperm cells were suspended in a bind-
ing buffer (200 yL). For acquisition and analyzing the data,
flow cytometry analysis using an Accuri C6 Cytometer (BD
Biosciences, San Jose, CA, USA) and software (Becton Dick-
inson) was performed [61].

The percentages of negative or positive Annexin V (A-/A
+) and PI (PI-/PI+) and the double-positive cells were deter-
mined. According to Pefa et al. [62], spermatozoa were classi-
fied into four categories: (1) viable cells: without fluorescence
signal and membrane dysfunction (A-/PI-); (2) sperm cells
with apoptosis: viable cells labeled with Annexin V but with-
out PI (A+/PI-); (3) sperm cells with early apoptosis: dead cells
labeled with Annexin V and PI and with damaged permeable
membranes (A+/PI+); and (4) sperm cells with necrosis: dead
cells labeled with PI without Annexin V and with complete
membrane loss (A-/PI+). The number of cells of interest was
determined based on the anterior and lateral scattering
characteristics.

2.2.9. Statistical Analysis. All numerical data have been
checked for homogeneity of variance using Levene’s test
and normality of distribution using the Shapiro-Wilk test.
Data were statistically analyzed as one-way analysis of vari-
ance using SAS (2008) to study the effect of treatment (sup-
plementation 1-5). The significant differences were
separated by Tukey’s test at P < 0.05.

3. Results
3.1. Characteristics of the Extracts

3.1.1. Phytochemical Analysis. Altogether, 30 compounds
were annotated at the ethanolic extract of purslane. They
included a series of phenolic acids and flavonoids and their
glucosides. The compounds were annotated according to
their molecular weights, retention times, and fragmentation
pattern (see Figure 2) and are shown in Table 1.
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FiGure 2: LC-MS profile of purslane.

3.1.2. TFC and TPC of POLE and POLENF. TFC and TPC in
POLE and POLENF are presented in Table 2. TFC was
higher in POLE than in POLENF; however, there were no
differences between both extracts regarding TPC.

3.1.3. Antioxidant Activities of POLE and POLENF. In
DPPH and FRAP assays, POLE and POLENF showed higher
antioxidant activity (Table 3). Both extracts showed strong
free radical scavenging capacity (DPPH) compared to stan-
dard Trolox, which was higher in POLENF than POLE.
Meanwhile, the antioxidant activity by the FRAP assay
showed no differences between both extracts.

3.1.4. Ultramorphological Characteristics of POLENF. Ultra-
morphological examination of POLENF by TEM revealed a
mean particle size of 30nm and a Z-potential value was
6.25mV (Figure 3).

3.2. Sperm Parameters in Goat Semen

3.2.1. After Equilibration (5°C for 2h). After equilibration,
semen extended by POLE (100ug) or POLENF (50 or
100 pg) significantly increased the percentages of progres-
sive motility and vitality of spermatozoa compared to the
free extender. Meanwhile, the percentages of sperm mem-
brane integrity and abnormality were not affected signifi-
cantly by POLE or POLENF supplementation. Extender
supplemented with POLENF (100 yg/mL) resulted in the
best progressive motility and vitality of spermatozoa in
postequilibrated semen (Table 4).

3.2.2. After Thawing. In postthawed semen, the percentages
of sperm progressive motility, vitality, and membrane
integrity significantly improved by all POLE and POLENF
supplements compared to the free extender. However, the
sperm abnormality percentage was not affected signifi-

cantly by POLE or POLENF supplementation. The highest
percentages of sperm motility, vitality, and membrane
integrity were obtained after freezing/thawing in semen
extended with POLENF (100 pg/mL) extender (Table 5).

3.2.3. After Incubation (37C and 5% CO, for 2h) of
Postthawed Semen. After semen incubation for 2h at 37°C
and 5% CO,, the percentages of sperm motility, vitality, and
plasma membrane integrity showed significant improvements
by POLE (100 ug) and POLENF (50 or 100 ug) extenders by
comparing the control and POLE (50 ug) extenders. The
sperm abnormality percentage was not affected by treatments.
The highest percentages of progressive motility, vitality, and
plasma membrane integrity of sperm cells were obtained by
a higher concentration of POLENF (Table 6).

3.2.4. Oxidative Biomarkers in Postthawed Semen. The TAC
level in postthawed semen was higher (P < 0.05) in POLE
(100 pg/mL) and both POLENF concentrations than in the
control extender. However, MDA and H,0, levels were sig-
nificantly reduced by all POLE and POLENF supplements
compared to the control extender. Supplementation of
Tris-extender with POLENF (100 ug) showed the highest
improvement of antioxidant status in semen after thawing
(Table 7).

3.2.5. Effect of Treatment on Enzyme Activity in Postthawed
Semen. The effect of treatment was significant only on
AST activity in postthawed semen, but no significant dif-
ferences were recorded between each treated extender
and the control one. However, ALT and LDH activities
were not affected significantly by POLE or POLENF sup-
plements (Table 8).

3.2.6. Apoptotic and Necrotic Spermatozoa in Postthawed
Semen (Annexin V/PI Assay). The viable sperm percentage
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TaBLE 1: Chemical constituents of purslane.

Rt [M-HJ MS/MS Assigned compounds

1.45 191 111 Quinic acid

1.57 133 Malic acid

3.61 315 153 Protocatechuic acid glucoside

3.68 331 125, 169 Galloyl glucose

5.01 477 135, 153, 315 Protocatechuic acid caffeoyl-glucoside

7.52 341 135,179 Caffeoyl glucose

9.03 137 119 p-Hydroxybenzoic acid

10.47 353 191 Chlorogenic acid

10.57 341 135, 179 Caffeic acid glucoside

11.31 325 163 Coumaric acid glucoside

13.54 305 197 Gallocatechin

13.89 355 193 Feruloyl glucose

14.13 341 135,179 Caffeic acid glucoside

14.17 385 223 Sinapic acid glucoside

15.88 431 315 Coumaric acid galloyl-malate

15.94 421 313 Benzyl-O-galloyl glucose

16.24 353 191 Neochlorogenic acid

16.36 437 313 Hydroxybenzyl-O-galloyl glucose

16.84 467 313 Protocatechoyl-O-galloyl glucose

17.68 325 179 Caffeic acid glucoside

18.40 337 163 p-Coumaroylquinic acid

20.26 197 163 Syringic acid

2231 563 357 Apigenin 6-C-glucosyl-8-C-xyloside

22.79 289 245 Catechin

23.99 399 197 Syringic acid derivative

24.30 449 269 Apigenin derivative

28.50 447 301 Quercetin rhamnoside

28.62 447 285 Kaempferol glucoside

31.14 462 285 Kaempferol glucuronide

31.80 417 271 Naringenin rhamnoside

Rt: retention time; M-H: pseudomolecular ion in the negative ion mode; MS/MS: mass fragmentation pattern.

TaBLe 2: TFC and TPC in and POLENF

(mean + standard deviation (SD), n = 3).

POLE

TaBLE 3: Antioxidant activities of POLE and POLENF as measured
by DPPH and FRAP assays (mean + SD, 1 = 3).

Sample TFC (mg/g extract) TPC (mg GAE/g extract) Sample DPPH (EC,yug/mL) FRAP (uM TE/mg extract)
POLE 28.46+1.15 38.35+1.81 POLE 244.4 +16.06 137.52+£7.11
POLENF 21.72+1.42 39.84+2.83 POLENF 332.4+16.37 147.48 £11.95

TEC: total flavonoid content; TPC: total phenolic content; POLE: Portulaca Trolox (uM) 24.42 +0.87 —

oleracea leaf extract; POLENF: Portulaca oleracea leaf extract

nanoformulation.

significantly increased, whereas the early apoptotic sperm
percentages significantly decreased by all POLE or
POLENF supplements compared to control. However, no
significant differences were found in necrotic sperm per-
centage between treatments. Semen extended with 100 ug
POLENF showed the highest viable sperm percentage
and the lowest sperm percentage with early apoptosis
and apoptosis after cryopreservation (Table 9).

DPPH: 2,2-diphenyl-1-picryl-hydrazyl-hydrate; FRAP: ferric reducing
antioxidant power assay; TE: Trolox equivalence; POLE: Portulaca
oleracea leaf extract; POLENF: Portulaca oleracea leaf extract
nanoformulation.

4. Discussion

Several reports have indicated a positive correlation
between TPC and TFC in plants with an antioxidative
capacity [6, 7, 63], especially in POL [64, 65]. Mature
plants of PO have higher TPC and antioxidant activities
[5, 38, 39]. Also, the contents of polyunsaturated fatty
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Ficure 3: Ultramorphology of POLENF by TEM.

acids (PUFAs; a-linolenic acid and linoleic acid) are highly
and positively correlated with antioxidant activity in POL
[25, 27, 28, 63] because PUFAs, especially w-3, play a role
in inhibiting superoxide [66]. Purslane also contains anti-
oxidant vitamins, such as a-tocopherol, ascorbic acid, 8-
carotene, and glutathione, as well as w-3 fatty acids [67].
Moreover, polysaccharides in PO could act as scavengers
of superoxide anion, DPPH, nitric oxide, and hydroxyl
radicals in a dose-dependent manner [34]. The DPPH free
radical scavenging assay is an accepted mechanism for
screening the antioxidant activity of plant extracts [34].
The methanol extract possessed the highest antioxidant
activity among purslane extracts, which is associated with
TPC [68]. Methanol gave the highest extraction efficiency
in POL, and this was mainly due to the ability of the sol-
vent to inhibit the action of polyphenol oxidase that
caused the phenolic oxidation [69]. The fresh hydroalco-
holic purslane extract exhibited a promising radical scav-
enging activity [12].

In this study, both extracts of POL have considerable
amounts of TFC and TPC and have shown strong free rad-
ical scavenging capacities in terms of DPPH and FRAP
assays compared to standard Trolox. Previous findings and
those proven in this study indicated the potential antiox-
idant capacity of purslane leaves. In this respect, Rahman
et al. [70] reported that the free radical scavenging capac-
ity (DPPH) is positively correlated (P <0.001) with TPC
to inhibit lipid peroxidation. Scavenging DPPH radicals
by the hydrogen-donating ability of polyphenol contents
and tocopherols were reported [71, 72]. This study indi-
cated a higher free radical scavenging ability of both
POLEs, but the stronger activity was recorded for
POLENF than POLE. The reducing capacity on ferrous
ion was higher for POLENF than POLE. TPC was nearly
similar in both extracts, but TFC was higher in POLENF
than in POLE.

This study evaluated the effect of adding two concentra-
tions of POLE (native form) or POLENF on increasing the
antioxidant status of sperm medium to improve the sperm
quality in cryopreserved goat semen. Results indicated that
only sperm motility and vitality percentages increased in
equilibrated semen by Tris-extender supplemented with a

higher concentration of POLE (100 yg) and both POLENF
concentrations. Sperm motility is the most important sperm
variable for normal fertilization. Sperm motility is an indi-
rect indicator of the metabolism and viability of sperm cells
[73], and sperm motility is a good predictor of fertilization
in in vitro embryo production [74]. These results indicated
more impact of POLE (100 pg) or both POLENF concentra-
tions on maintaining sperm motility, vitality, and membrane
integrity without affecting sperm abnormality in postthawed
semen after incubation for 2 h at 37°C. The improvements in
sperm characteristics in postthawed semen after incubation
were associated with increased POLE (100ug) or both
POLENF concentrations (50 and 100ug) due to the
increased antioxidant status of sperm medium during cryo-
preservation or after semen incubation at 37°C for 2h in
terms of elevating the TAC level and decreasing the H,O,
level. The mentioned supplements also increased the viable
sperm percentage but reduced early apoptotic and apoptotic
sperm percentages. Enhancement of sperm medium by a
higher concentration of POLE or both POLENF concentra-
tions may mainly be attributed to ROS formation that could
be neutralized by phenolic compounds (e.g., flavonoids) in
POLE; the enhancement in their content leads to increasing
antioxidant capacities [75]. An antioxidant that reduces oxi-
dative stress and improves sperm motility could be useful in
managing male infertility [76]. Antioxidants, in general, are
scavengers that restrain ROS formation. The essential nor-
mal function of sperm cells is the balancing benefits and
risks of ROS and antioxidants. Although seminal plasma is
considered fluid with powerful antioxidants, adding antioxi-
dants to semen extenders was reported to enhance tech-
niques in semen cryopreservation [77]. PO has displayed
free radical scavenging activity [38, 69, 78] and the ability
to inhibit lipid oxidation [79]. Purslane can be used in
improving SOD levels and reducing MDA levels in the
brains of mice treated with D-galactosamine [80]. Although
all POLE supplements did not affect AST, ALT, and LDH
activities in cryopreserved semen, purslane reduced liver
enzyme activity (ALT, AST, y-glutamyl transferase, and
alkaline phosphatase), indicating its role in the protection
against liver damage [10].

In this study, viable sperm percentage increased, whereas
early apoptosis and apoptosis percentages decreased without
significantly affecting necrotic sperm cells by all extender
supplements. These findings may suggest that POLE
reduced the apoptosis that is a common form of sperm
death in eukaryotes and appears in fragmented DNA, acti-
vated caspase, mitochondrial membrane dysfunction, and
increased permeability of sperm membrane [81, 82]. Pro-
grammed cellular death (apoptosis) affects single cells but
does not cause inflammatory effects on adjacent tissues,
but necrosis is another form of cell death resulting from
injury and affects numerous cells, causing cell swelling
and membrane rupture [83]. Many reports indicated that
sperm cells with fragmented DNA have a fertilizing ability
[84] but with abnormal embryos, late embryonic develop-
ment, and lower pregnancy rates [85]. Several antioxidants
positively impact apoptosis in sperm cells of different
species [86-89].
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TABLE 4: Sperm variable percentage as affected by supplementing Tris-extender with POLE or POLENF in goat semen after equilibration at
5°C for 2h (mean + SE, n=6).

TS
Extender Sperm characteristics (%)

Progressive motility Vitality Membrane integrity Abnormality
Control 75.0 +1.83° 77.3+1.78° 80.2 +2.64 6.7 +0.84
POLE (50 ug) 79.2 + 1.54*° 81.5+1.86% 83.0+2.22 6.2+0.95
POLE (100 g) 82.5+1.12° 83.5+1.06° 84.8 +0.70 5.7 +0.88
POLENF (50 pg) 83.3+1.05 84.2+1.19° 85.0 +1.26 6.8+ 0.60
POLENF (100 ug) 84.2+1.54* 86.3+1.26° 86.7 +1.05 5.0+0.58

**Means denoted with different superscripts in each column are significantly different at P < 0.05. POLE: Portulaca oleracea leaf extract; POLENF: Portulaca
oleracea leaf extract nanoformulation.

TABLE 5: Sperm variable percentage as affected by supplementing Tris-extender with POLE or POLENF in thawed goat semen (mean + SE,
n=6).

1et1 0,
Extender Sperm characteristics (%)

Progressive motility Vitality Membrane integrity Abnormality
Control 26.7 +1.05° 28.0+1.15° 26.3 £0.92° 9.2+0.75
POLE (50 pg) 32.5+1.12° 34.0 + 1.46° 34.3 +1.86° 9.2+1.25
POLE (100 ug) 33.3£1.05 35.0 £1.15° 35.5 + 1.45° 8.8+1.01
POLENF (50 pg) 34.2+2.01° 36.3+1.82° 342+1.72° 9.3+0.76
POLENF (100 pg) 36.7 £ 1.05° 38.5+1.26" 37.2+1.62° 8.2+0.48

**Means denoted with different superscripts in each column are significantly different at P < 0.05. POLE: Portulaca oleracea leaf extract; POLENF: Portulaca
oleracea leaf extract nanoformulation.

TABLE 6: Sperm variable percentage as affected by supplementing Tris-extender with POLE or POLENF in postthawed goat semen incubated
at 37°C and 5% CO, for 2h (mean + SE, n=6).

Sperm characteristics (%)

Extender Progressive motility Vitality Membrane integrity Abnormality
Control 22.5+1.12° 23.5+0.72° 23.3+0.80° 11.3+0.56
POLE (50 ug) 27.5+1.12% 283 +1.31% 27.5+1.28" 10.7 + 1.20
POLE (100 ug) 29.2+1.54° 31.2+1.78° 30.2+1.42° 10.3£0.99
POLENF (50 ug) 30.8 +1.54° 32.3+1.78° 30.5+1.67° 11.3+0.71
POLENF (100 pg) 325+ 1.12° 33.3+0.88° 31.3+0.99° 10.2 +0.48

**Means denoted with different superscripts in each column are significantly different at P < 0.05. POLE: Portulaca oleracea leaf extract; POLENF: Portulaca
oleracea leaf extract nanoformulation.

TABLE 7: Antioxidant biomarkers in goat semen after thawing as affected by supplementing Tris-extender with POLE or POLENF
(mean + SE, n=6).

Seminal plasma antioxidant capacity

Extender TAC (mM/L) H,0, (mM/L) MDA (nmol/mL)
Control 0.178 +0.013" 0.106 + 0.009* 2.57+0.143°
POLE (50 pg) 0.215+0.011% 0.055 +0.004° 0.67 +0.049°
POLE (100 yg) 0.230 + 0.020° 0.048 +0.007° 0.66 +0.052°
POLENF (50 ug) 0.222 + 0.005* 0.046 + 0.006° 0.64 + 0.056°
POLENF (100 pg) 0.232 +0.005" 0.044 +0.004" 0.67 +0.042°

*"Means denoted with different superscripts in each column are significantly different at P < 0.05. POLE: Portulaca oleracea leaf extract; POLENF: Portulaca
oleracea leaf extract nanoformulation.
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TaBLE 8: Enzyme activity of AST, ALT, and LDH in goat semen after thawing as affected by supplementing Tris-extender with POLE or

POLENF (mean + SE, n = 6).

Extender

Enzyme activity

AST (U/mL) ALT (U/mL) LDH (U/L)
Control 39.2+1.01° 14.5 £ 0.50 177.6 £ 4.61
POLE (50 pg) 36.8+1.08" 12.0 +1.44 160.3 +4.64
POLE (100 pg) 39.840.91° 12.5 £ 1.06 162.8 +3.13
POLENF (50 ug) 41.8+1.14° 12.0 £1.39 165.5 +4.63
POLENTF (100 pg) 36.0+1.15° 13.0 £0.58 163.1 £ 6.38

**Means denoted with different superscripts in each column are significantly different at P < 0.05. POLE: Portulaca oleracea leaf extract; POLENF: Portulaca

oleracea leaf extract nanoformulation.

TaBLE 9: Percentages of viable, early apoptotic, apoptotic, and necrotic spermatozoa in goat semen after thawing as affected by
supplementing Tris-extender with POLE or POLENF (mean + SE, #n = 3).

Sperm variable (%)

Extender Viable (A—/PI-) Early apoptotic (A+/PI-) Apoptotic (A+/PI+) Necrotic (A—/PI+)
Control 28.8 +0.06° 0.5 +0.06* 54.0 + 1.30° 16.8 + 1.30°*
POLE (50 pg) 31.2+0.00¢ 0.2+0.03 50.7 +2.14° 18.0 +2.17%°
POLE (100 pg) 39.8 +0.49° 0.1 +0.03° 40.7 £ 0.00° 19.5+0.52°
POLENF (50 ug) 53.6 +0.43° 0.3 +0.06° 34.5 +0.69¢ 11.7 £0.20°
POLENF (100 4g) 69.2 £0.78" 0.0 +0.00° 17.0+0.17¢ 13.9+0.61%

**Means denoted with different superscripts in each column are significantly different at P < 0.05. POLE: Portulaca oleracea leaf extract; POLENF: Portulaca

oleracea leaf extract nanoformulation.

Interestingly, all POLE types showed beneficial effects
on cryopreserved semen after equilibration, thawing, and
incubation, but the best results were recorded for POLENF
(100 pg). Such results are associated with decreasing the
mean particle size to 30nm and a Z-potential value of
6.25mV as estimated by TEM. Also, a stronger DPPH free
radical scavenging capacity (332.4 + 16.37 vs. 244.4 + 16.06
EC pg/mL) and increased total flavonoids (28.46 +1.15
vs. 21.72+ 1.42mg/g extract) were proven for POLENF
than POLE. Flavonoids with a chromanol ring system
have a stronger antioxidant activity that lacks the hydroxyl
group [90]. The antioxidant activity of the compounds was
determined by the DPPH radical scavenging assay, which
was improved to evaluate the four lignans isolated from
POLE [91]. Flavonoids have an antioxidative action and
show protective effects against aluminum chloride, which
causes testicular dysfunction, poor semen quality, and
reduced testosterone level [92]. In contrast, phenolic com-
pounds were nearly similar in both extracts (POLE and
POLENF), whereas the individual phenolic contents mea-
sured in a plant crude extract can be considered quite
low [78, 93] to biologically explain a sufficient antioxidant
potential.

5. Conclusions

Ethanolic POLE is an essential source of natural antioxi-
dants and can be used effectively to scavenge free radicals
and/or inhibit ROS. Hence, POLE in a native form or nano-
formulation at 50 or 100 ug/mL is considered a natural anti-

oxidant in Tris-extender of goat cryopreserved semen for
improving sperm freezing ability and protecting spermato-
zoa from cryodamage by increasing the semen antioxidant
capacity. Ethanolic POLENF at 100 ug/mL gave valuable
results as an effective free radical scavenger during the cryo-
preservation of goat semen.
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