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Extraction of mango seed kernels
via super fluid extraction and their
anti-H. pylori, anti-ovarian and anti
prostate cancer properties
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Despite the discovery of many plant-based drugs, research is still ingoing, in addition to using safer
and more effective methods in the extraction process. Presently, Super Fluid Extraction (SFE) was
applied to extract the mango seed kernels (MSK) at two operating temperatures 30 and 50 °C with
studying their biological activities. MSK extract via SFE at operating temperatures 30 °C showed high
yield 0.268 g compared to that at 50 °C. High-performance liquid chromatography (HPLC) analysis
demonstrated high content of compounds such as gallic acid (68503.01 pg/mL), chlorogenic acid
(6541.68 pg/mL), ferulic acid (2555.12 pg/mL) and ellagic acid (2479.42 pg/mL) MSK while at 50 °C the
concentrations were low. Helicobacter pylori was highly inhibited by MSK extract via SFE at operating
temperature 30 °C with inhibition zone 29.17 +0.29 mm, MIC 15.62 pg/mL and MBC 31.25 pg/mL,
while at operating temperature 50 °C the inhibition zone was 24.67 +0.58 mm, MIC was 62.5 pg/mL
and MBC was 125 pg/mL. Moreover, low hemolysis was recorded by H. pylori treated by MSK extract
via SFE at operating temperature 30 °C compared to that at 50 °C. Excellent antioxidant with IC.,
values of 4.34 and 10.5 pg/mL was recorded for MSK extract via SFE at operating temperatures 30 °C
and 50 °C, respectively. The recorded IC,, values 151.64 +0.53 and 73.81+1.68 pg/mL compared to IC,,
202.83+1.78 pg/mL and 85.78 +0.52 pg/mL indicated the efficacy of MSK extract via SFE at operating
temperature 30 °C compared to that at 50 °C against prostate (PC3), and ovarian (SK-OV3) cancer cells
lines, respectively.
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According to Garcia-Mahecha et al.!, the Mangifera indica L. (Mango) is considered the greatest important
tropical fruit that is cultivated and consumed by people all over the world. It is estimated that between 35 and
60% of fruits are thrown away during processing, often without any treatment, which causes environmental
issues and financial losses. Seeds and peels (tegument and kernel) make up this waste. Since the seed of mango
has been identified as a bio-waste with a high level of bioactive chemicals (vitamin C, phenolic ingredients,
carotenoids and nutritive fiber) that enhance the human health, it has attracted profound scientific attention?.
Due to its antioxidant function, the seed of mango has also been shown to possess antimicrobial activity against
pathogenic bacteria? and antitumor potential against cancer of the colon and breast®.

Mango seeds can be used as raw materials or as food additives, which might benefit producers financially
by increasing the nutritional value that contributes to human health along with reducing the undesired
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environmental impact caused by mango seeds (bio-wastes)?. Mango seed kernels can be a rich source of various
phenolic and antioxidant chemicals, according to Lim et al.%. Bioactive substances including; polyphenols,
flavonoids and tannins have been demonstrated to have intriguing bio-functions resembling anti-inflammatory,
cancer suppressing and antioxidant properties which can aid in the treatment of chronic illnesses”*.

Several digestive systems-associated diseases such as peptic ulcer, gastritis and gastric adenocarcinoma were
associated with H. pylor#®. According to some reports, nearly half of the world’s populations are infected with H.
pylori at some point in their lives. The management of H. pylori requires at least two antibiotics in addition toa
proton pump inhibitor; however, the antibiotic resistance in bacteria, including H. pylori is becoming a major
public health problem!’. Alternative methods exploiting natural compounds extracted from plants have been
widely investigated to discovering new compounds for H. pylori management!!2,

Cancer is a significant disease that has an impact on global health, as it is now the second greatest familiar cause
of mortality worldwide, next to cardiovascular diseases'>"!%. The present investigations focused on two types of
cancer including; prostate and ovary. According to recent studies, the most deadly gynecologic malignancy is
ovarian cancer, and after diagnosis, fewer than half of patients live for more than five years'. Although it can
strike women at any age, ovarian cancer is most frequently discovered after menopause'®. Male prostate cancer
is the second most common cancer in men, accounting for 15% of all kinds of cancers!”. According to James
et al.'3, the number of infected cases of prostate cancer will increase from 1.4 to 2.9 million cases in 2040 as
compared to 2020.

In a previous report, the extracts of mango kernel possess activity against the growth of Klebsiella spp.,
Salmonella typhi, Escherichia coli, Staphylococcus aureus, Pseudomonas spp., and Enterococcus faecalis'®. Also,
Dorta et al.?? investigated the anti-yeast activity of mango seed and peel extracts, and found that Hanseniaspora
uvarum, Dekkera anomala, Zygosaccharomyces bailii, Zygosaccharomyces rouxii, Zygosaccharomyces bisporus,
Candida bracarensis, Candida parapsilosis Candida glabrata and Candida nivariensis were inhibited by the
applied extracts.

Numerous scientists have recently focused on the utilization of supercritical fluid extraction (SFE), an
alternative method to classical methods via chemical solvents, for the extraction of natural ingredients®!. The
ability to work at lower temperatures and the capability for quick extraction are unique features of SFE compared
to other extraction methods. According to several reports, the obtained extracts via SFE are enriched with
bioactive molecules in different fields?’. The applied solvent in SFE is CO, which avoids the breakdown of the
extracted compounds as well as minimizes its sensitivity to oxidation?..

Several studies have investigated the biological activities of the extracted mango seeds by chemical solvents,
but there are limited investigations as to the best of our knowledge about SFE-CO, of kernels of mango seeds and
their influences on H. pylori and cancer development of prostate and ovarian cells. Therefore, this investigation
aims to evaluate the anti-H. pylori, anticancer and antioxidant potential of the extracted kernel of mango seeds
via SFE.

Materials and methods

Supercritical fluid extraction (SFE) of Mango seeds kernels (MSK)

MSK were separated manually from seeds of ripe fruits (Mangifera indica, Anacardiceae family) which obtained
from a farm at Jazan, Saudi Arabia (GPS: 17°00’54”N, 42°51’03”E), during the season of harvest at May 2025,
then the kernels were dried for 5 days in open air. The dried kernels were grinded into powder and then injected
in Supper Fluid Extraction (SFE) apparatus (ISCO-Sitec-adapted SFX 220 SFE system). SFE was operated at
two temperatures, 30 and 50 °C, for extracting MSK, while pressure, dynamic and static time of extraction were
constant at 25.16 MPa for 20 min and 40 min, respectively, during the process of extraction?!. The extracted yield
was dissolved in dimethyl sulfoxide (DMSO) (0.6%).

HPLC analysis of MSK extract for flavonoids and phenols

The extract of MSK was subjected to HPLC analysis employing an Agilent 1260 series. The separation was
completed by employing an Eclipse C18 column (4.6 mm x 250 mm, 5 pym, 40 °C). H,O (1st) and 0.05%
trifluoroacetic acid dissolved in acetonitrile (2nd) at a flow rate of 0.9 mL/min served as the HPLC’s mobile
phase. Starting at 0 min (82% 1st), the phase of mobile was gradually changed in a straight gradient in the next
regulation: 0 to 5 min (80% 1st); 5 to 8 min (60% 1st); 8 to 12 min (60% 1st); for minutes 12 to 15 (82% 1st); for
minutes 15 to 16 (82% 1st); and for minutes 16 to 20 (82% 1st). The wavelength at 280 nm was recorded via a
detector of HPLC. The injected quantity was 5 uL from each solution of the MSK extract?.

Activity of MSK against H. Pylori

To investigate the activity of MSK extract (from SFE at two different temperature settings, 30 and 50 °C) against
H. pylori, the technique of well diffusion was used. The H. pylori colonies were first cultivated in Mueller-
Hinton fluid at McFarland’s 0.5 threshold. Mueller-Hinton was amended by agar and 5% of horse blood was
applied to promote H. pylori growth. Wells were done in agar and filled by MSK extract (50 ug/mL). After the
incubation time (72 h) at 37 °C under a microaerophilic state, the radius of the inhibitory zone surrounding the
well was measured?®. Clarithromycin (50 pg mg/mL) was served as the study’s positive control. At two distinct
temperature settings (30 and 50 °C), extracts of MSK from SFE were tested to evaluate its minimum bactericidal
concentrations (MBC) and minimum inhibitory concentrations (MIC). The MTT tetrazolium reduction test
was performed in 96-flat well microplates after the MSK extract from SFE was dissolved in Brucella broth in
a range of 7.8 to 500 pg/mL. The inoculated plate wells by 50 uL of H. pylori (2 x 10° cells/mL) were incubated
at 37 °C under a microaerophilic state for 72 h. The MTT reduction investigates was operated to estimate the
MIC, which is the lowest dose that can inhibit H. pylori growth, or the lowest extract dose in the plate by which
no H. pylori development took place. MTT (15 pL) was added after the MSK extract had been incubated for
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15 min. The crystals of formazan were then melted by adding 80 pL from DMSO. The minimum absorbance (at
570 nm) was recorded using readers of microplate (Multimode Detectors DTX 800/880, Fullerton, CA). After
the MIC test’s incubation period, 50 pL aliquots of MSK extract that did not show H. pylori development were
intermixed with 150 pL of broth to determine MBC. These preparations (for 72 h at 37 °C) were incubated in
a microaerophilic state. Absence of any color change in MBC after the addition of MTT, as previously noted,
indicated that this sample contained the lowest dose of MSK extract.

The antioxidant properties of MSK extract
The antioxidant properties of MSK extracts and ascorbic acid (as standard control) were assessed by estimating
the radical scavenging activity (RSA %) of MSK extracts employing the 1, 1-diphenyl-2-picryl hydrazyl (DPPH)
assessment as illustrated by Abdelghany et al.”*. The amount of Half-maximal inhibitory concentration (IC)
was assessed via graph which indicates the dose of extract required to scavenge (50%) of the free radicals. The
activity of radical scavenging was designed via the equation:

Blank Absorbance — Extract Absorbance

% Inhibition = Blank Absorbance x 100

Hemolysis inhibition assay by MSK extracts

The hemolysin potential of H. pylori treated by MSK extracts at different doses of sub-MIC extract (25, 50,
and 75%) was measured employing the Rossignol et al.?® technique. The exposed and unexposed H. pylori to
extract was controlled to an OD 600 of 0.4, and then centrifuged at 21,000x g for 20 min. A suspension of fresh
erythrocyte (2%) (Erythrocytes were obtained from corresponding author of the current paper Prof. Samy Selim
(College of Applied Medical Sciences, Jouf University, Saudi Arabia) and 0.8 mL saline was then intermixed by
500 pL of supernatants, kept at 37 °C for 60 min, and then centrifuged (for 10 min, at 4 °C, and at 11,000x g).
The erythrocyte suspension was mixed with 0.1% sodium dodecyl sulfate to form complete hemolysis (positive
control). By maintaining the erythrocytes in the LB broth under the same conditions as the control (positive),
the negative control (unhemolyzed erythrocytes) was produced. The hemoglobin discharge was measured at
540 nm. The percentage alteration from that of untreated control cultures was used to express the hemolysis that
occurred in the extract of cultures treated with sub-MIC. The % of hemolysis prevention was calculated after the
liberation of haemoglobin in the existence of controls via the next formula:

Absorbance H. pylori — Absorbance negative control

Hemolysis prevention (%) = 100

Absorbance positive control — Absorbance negative control

Anti-cancer properties of MSK extract

The anti-cancer properties of MSK extracts were evaluated using the MTT assay?’ versus the prostate cancer
cells (PC3), ovarian cancer cells (SK-OV3), and normal human lung fibroblast cell line (WI-38) (obtained from
ATCC, USA). A specific concentration of 5x 10* cells per well was seeded in a 96-well sterile microplate and
incubated at 37°C for 48 h with varying doses (31.25-1000 pg/mL) of MSK extracts, which were dissolved in
DMSO. Doxorubicin (0.15 pg/mL) was served as the study’s positive control. The IC,, was valued via graph
which signifies the dose of extract necessary to inhibit the proliferation (50%) of cancer cells. Morphological
features of tested cancer cells were imagined.

Statistical evaluation
The trial outcomes were authenticated as mean standard deviation (+SD) of three times. Using a software of
Graph Pad Prism V5 (San Diego, CA, USA) to assessment the result for one-way of variance (one-way ANOVA).

Result and discussion
The operator conditions of SFE either temperature or pressures besides dynamic and static extraction times are
critical conditions for the extraction of natural materials. Presently the kernels were excluded from the mango
seeds, subjected to SFE, and followed by HPLC analysis and biological testes as illustrated in Fig. (1). The yield
quantity of mango seed kernels (MSK) was affected by the operating temperature of SFE, where the amount of
the yield extract was 0.268 g at 30 °C whereas it was 0.240 g at 50 °C (Table 1). da Silva et al.?® mentioned that
temperature is considered critical factor for controlling of extracted quantity and its contents of ingredients.
Unlike some reports that showed SFE at high temperature induced the releasing of several phenols and
flavonoids, the present study found that high temperature affected the ingredient contents of MSK as analysed
via HPLC (Figs. 2 and 3). Some compounds including gallic acid, chlorogenic acid, ferulic acid and methyl
gallate were reduced from 68503.01 to 62985.64 ug/mL, 6541.68 to 5722.86 ug/mL, 2555.12 to 2219.01 pug/mL,
775.98 to 594.74 ug/mL, respectively in MSK employing SFE-CO, at operating temperature transformed from
30 °C to 50 °C (Table 2). Moreover, rutin, daidzein, kaempferol and hesperetin were identified in MSK using
SFE-CO, at operating temperature 30 °C while were not detected at 50 °C, indicating that high temperature was
destructive for some ingredients. On the other hand, only three ingredients namely syringic acid, catechin and
coumaric acid were recognized in MSK with higher concentrations using SFE-CO, at operating temperature
50 °C than that concentration at 30 °C. Lim et al.® found that gallic acid was the main compound detected
in MSK, followed by caffeic acid, rutin and Penta-O-galloyl-3-d-glucose. Numerous compounds including
catechin, apigenin, rutin, gallic acid as main component, kaempferol and querectin were recorded via HPLC in
Mangifera indica shell”®. Also, Garcia-Mahecha et al.! mentioned that gallic acid represents the main constituent
in kernel of mango seed followed by other constituents namely caffeic, tannic, chlorogenic, and cinnamic acids
besides mangiferin, hesperidin and rutin.
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Fig. 1. Illustrating the performed process in the current investigation on the kernels extract.
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Table 1. Yield of MSK extract via SFE operated at two temperatures (30 and 50 °C).

4 h]
3500 ?
3000 f
4 qn
2500
mAU ]
2000
1500 4
7 h=
g S
4 [+
4 2 @ - b=
| =1 - [}
1000 @ 5 b=l @ 5
] g. 8 8 3 B3 & ° 8
e o 8 k o E 4
1 85 = g o i 52 4 m £2
] 58 £ 259 EE2 E 2 £ 5%
500 3 2 (‘%{E’ﬁ 332 3 a & o Nad
wn
- o 0 ) 5 ‘C.D ' ol 9 ' “a
p - ~ T o o
] Nss 88 88 g § 3 2
1 i & 6O s G2 @ :‘371‘ - 0
0 w‘-——ﬁ = I =
-——t 77— T [ T T T T
25 5 75 10 125 15 175 20 25
Time (min)

Fig. 2. Chromatogram of recognized phenols and flavonoids in MKS extract at operating temperature 30 °C of
SFE via HPLC.
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Fig. 3. Chromatogram of recognized phenols and flavonoids in MSK extract at operating temperature 50 °C of

SFE via HPLC.
At operating temperature 30 °C At operating temperature 50 °C
Detected constituent | RT Area (%) | Quantity (ug/mL) | RT Area (%) | Quantity (ug/mL)
Gallic acid 3.57 | 85.34 68503.01 3.57 | 79.69 62985.64
Chlorogenic acid 414 | 473 6541.68 414 | 420 5722.86
Catechin 452 | 0.46 1085.36 454 | 0.90 2074.03
Methyl gallate 5.34 1.45 775.98 534 | 1.13 594.74
Caffeic acid 576 | 0.00 0.00 555 | 1.56 1245.15
Syringic acid 6.17 | 0.22 152.99 6.18 | 0.62 422.57
Pyro catechol 6.43 | 0.00 0.00 6.43 | 0.00 0.00
Rutin 6.68 | 3.88 6.24 6.65 | 0.00 0.00
Ellagic acid 899 | 1.94 2479.42 7.00 | 1.95 2449.67
Coumaric acid 8.54 | 0.03 9.43 8.24 | 3.32 1164.00
Vanillin 897 | 147 546.00 898 | 143 537.06
Ferulic acid 9.25 | 4.50 2555.12 9.24 | 3.85 2219.01
Naringenin 9.84 | 0.43 394.54 9.85 | 0.36 337.36
Rosmarinic acid 11.41 | 0.00 0.00 11.41 | 0.00 0.00
Daidzein 15.27 | 0.06 36.98 15.54 | 0.00 0.00
Querectin 16.94 | 0.00 0.00 17.17 | 0.18 149.99
Cinnamic acid 18.66 | 0.04 7.82 18.65 | 0.04 6.65
Kaempferol 2044 | 0.05 38.52 20.36 | 0.00 0.00
Hesperetin 20.73 | 0.04 18.94 20.95 | 0.00 0.00

Table 2. Detected phenols and flavonoids in MSK at two operating temperatures (30 and 50 °C) of SFE.

Wide-ranging pharmacological utilizations are attributed to various parts such as fruit, leaves, bark and
seeds of mango tree. However, no commercial application of mango seed kernel which is removed as waste
during the processing of fruits in most cases. From the recorded findings, the exposed H. pylori to MSK
extract indicated the antibacterial efficacy of this extract but with different inhibitory potential depending on
the operator temperature of SFE. The zone of inhibition was 29.17+£0.29 mm at operating temperature 30°C
while it was 24.67£0.58 mm at operating temperature 50 °C (Table 3; Fig. 4). Generally, MSK extract showed
excellent anti-H. pylori compared to the utilized standard. Also, the lowest MIC (15.62 pg/mL) and MBC
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Temperature (°C) | Inhibition zone (mm) | MIC (ug/mL) | MBC (ug/mL) | MBC/MIC index
30 29.17+0.29 15.62 31.25 2
50 24.67+0.58 62.5 125 2
Standard 24.17+0.29 31.25 62.5 2

Table 3. Inhibition of H. Pylori by mango seed kernels extract via SFE at two temperatures (30 and 50 °C) with
detection of MIC, MBC and MIC/MBC index.

Fig. 4. Inhibition of H. pylori by mango seed kernels extract via SFE at two temperatures 30 °C (A), 50 °C (B),
standard (S) and DMSO (negative control).

(31.25 ug/mL) was recorded with the utilization of MSK extract at operating temperature 30°C of SFE-CO,. The
calculated index of MBC/MIC documented that MSK extract possess bactericidal effects on H. pylori (Table 3).
A previous investigation showed that the extract of mango seed kernel possess anti-enteric bacterial (Shigella
dysenteriae) potential with MIC 95+ 11.8 pg/mL*. Antibacterial activity of mango seed kernels was reported
recently towards Staphylococcus aureus, Escherichia coli, Bacillus cereus, and Klebsiella sp4. Kernel of mango
was extracted and tested against numerous bacteria including Pseudomonas spp., Klebsiella spp., Staphylococcus
aureus, Enterococcus faecalis and Salmonella typhi which exhibited bacteriostatic (at concentrations ranged from
3.1 to 50 ug/mL) and bactericidal (at concentrations ranged from 12.5 to 100 pg/mL) properties'®. Additionally,
antibacterial and anti-yeast activities of seed and peel extracts of mango were reported by Dorta et al.? against
different clinically pathogenic yeasts. Moreover, seed extracts exhibited lower quantities of MIC and minimum
fungicidal concentration than the extracts of peel. The etiology of gastric ulcer includes numerous factors, from
which the infection by H. pylori; mango seed kernel was applied to avoid the gastric ulcer®!. Broad difference
between the effects of MSK extracts using SFE at operating temperature 30°C and 50 °C, where the hemolysis
% at 25, 50, and 75% MIC was 22.33+0.29, 9.43£0.12, and 3.17 £0.06%, respectively at operating temperature
30°C whereas it was 93.61 +2.31, 31.73£0.64, and 7.13+0.12%, respectively at operating temperature 50 °C in
the presence of H. pylori (Figs. 5 and 6). The anti-hemolysis properties of MSK extracts were confirmed through
these findings.

Figure 7 cleared the potent antioxidant of MSK extracted via DPPH which increased with increasing the
dose of the extract. Slight differences of DPPH scavenging (%) between MSK extract using SFE at operating
temperature 30 °C and ascorbic acid particularly at high concentrations were observed; for instance, DPPH
scavenging was 93.6 and 93.3% at 250 ug/mL, 96 and 96.1% at 500 pg/mL, 98.2 and 97.8% at 1000 pg/mL,
respectively. Low DPPH scavenging % was recorded using MSK extract via SFE at operating temperature 50 °C
if compared to other extract or ascorbic acid. Moreover, IC,, confirmed the excellent antioxidant properties of
MSK extracts using SFE at operating temperature 30 °C (4.34 pg/mL) and 50 °C (10.5 pg/mL) compared to IC,
of ascorbic acid (3.47 pg/mL). Pitchaon®* documented the antioxidant potential of MSK, and concluded that
the antioxidant capability may be affected by the extraction process. Also, the antioxidant activity of different
varieties of MSK was recorded by Mutua et al.** with maximum DPPH scavenging 92.22%. The presence of
phenolic compounds plays a critical role in the antioxidant properties of MSK extracts. HPLC indicated the
presence of numerous phenols and flavonoids MSK extract using SFE at operating temperature 30 °C which
recorded low IC,; of DPPH scavenging. Abdel-Aty et al.** mentioned that scavenging free radicals by MSK
was affected by its phenolic compounds with IC, values of 47.3 pg/mL. Buelvas-Puello et al.”” obtained greater
antioxidant activity of MSK extracted by SFE than using other classical extraction methods.

Anticancer activity
PC3 cell line proliferation was suppressed by MSK extract using SFE at operating temperature 30 °C and 50 °C.
Toxicity/Viability was increased/decreased as the applied dose of the extract increased/decreased which reached

Scientific Reports | (2025) 15:6359 | https://doi.org/10.1038/s41598-025-90346-z nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

75

MIC concentration (%)

10 20 30 40 50 60 70 80 90 100110
Hemolysis (%)

(=}

Fig. 5. Hemolytic potential of H. pylori at different MIC concentrations (%) of MSK extract via SFE at
operating temperature 30 °C (A) and 50 °C (B).

Fig. 6. Hemolytic ability of H. pylori at different MIC concentrations (%) of MSK extract using SFE at
operating temperature 30 °C (A) and 50 °C (B). 1, untreated; 2, 25%; 3, 50%; 4, 75%, and 5, positive control.

97.47/2.53% and 96.38/3.62% at 1000 pg/mL of MSK extract using SFE at operating temperature 30 °C and
50 °C, respectively. Moreover, MSK extracts using SFE at operating temperature 30 °C exhibited lower IC,
than that of the extract using SFE at operating temperature 50 °C which valued at (151.64+0.53 pg/mL) and
(202.83£1.78 pg/mL), respectively (Fig. 8). In the same context, SKOV3 cell line was affected by MSK extract
(Fig. 9) with low values of IC,; 73.81+1.68 pg/mL and 85.78 +0.52 pg/mL using SFE at operating temperature
30 °C and 50 °C, respectively.

The extracts using SFE at operating temperature 30 °C and 50 °C against normal WI-38 cells exhibited IC,,
values 0f 279.56 + 2.66 and 298.63 +2.87 ug/mL, respectively (Data not tabulated). The obtained result of extracts
was compared to standard drug, where the IC, values of doxorubicin (positive control) was 17+0.33 and
10.43 £0.50 pg/mL against PC3 and SKOV?3 cells (Data not tabulated). A recent review indicated that extracts of
M. indica and their phytochemicals possess anticancer potential against breast cancer’®. Other studies indicated
that different parts of mango tree (seed, fruit shells, stem, roots and bark) were rich with a phenolic compound
namely mangiferin®” which exhibited anticancer against ovarian cancer®® and prostate cancer®. The differences
between our results of IC_; values and other studies may depend on the extraction methods, target cancer cells
and extracted part of mango plant. Ballesteros-Vivas et al.* attained rich MSK with anticancer activity versus
colon cancer cells via SFE. Figures 10 and 11 showed the morphological changes in PC3 cell line and SKOV3,
respectively which indicated that MSK extract via SFE at 30 °C was more effective on the tested cells than MSK
extract via SFE at 50 °C. The morphological changes were greatly cleared at high doses from 250 to 1000 ug/mL
which accompanied with apoptosis, alterations in the shape and size, besides shrinkages and cell appearance as
floating cells. Moreover, the decline in the population of tested cell was obvious compared to unexposed cells
to the tested extract (controls). Generally, several detected compounds in MSK via HPLC in the present study
play a critical role for controlling H. pylori growth and cancer development as well as acting as antioxidant
agents. For example, Mahmoud et al.*! confirmed the anticancer and antioxidant activities of ferulic acid,
naringenin, catechins and gallic acid that detected in mango seeds extract. Anticancer and antioxidant of ellagic
acid were reported previously??. Shaban et al.*> reported the anticancer activity of ellagic acid, coumaric acid
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Fig. 7. DPPH scavenging (%) at different doses of mango seed kernels extract using SFE at operating
temperature 30 °C (A), 50 °C (B), and ascorbic acid.

110 110 -
100 - 100 <
90 - 90 +
80 + s 80 4 B
A —
70 1 = 70 <
1Cg0=151.64 +0.53 pg/mL £
60 50 RN 2 60 +
* o
50 w=Toadchty 5 50 - ICeo=202.83 + 1.78 pg/mL
—i— Viability =
40 o 8 40 4 e
® —a— Toxicity
30 B - 30 e e
—i— Viability
20 o 20 4
10 1 10 4
0 % T T T " 5 0 T T T v T b
0 31.25 62.5 125 250 500 1000 0 31.25 62.5 125 250 500 1000
Dose (ug/mL) Dose (ug/mL)

Fig. 8. Effect of different doses of MSK extracts using SFE at operating temperature 30 °C (A) and 50 °C (B)
on PC3 cell line.
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Fig. 9. Effect of different doses of MSK extracts using SFE at operating temperature 30 °C (A) and 50 °C (B)
on SKOV3 cell line.

and mangiferin in mango seeds extract. In a previous study, both catechin and gallic acid inhibited the growth
of H. pylori, but gallic acid was effective than catechin. Also, chlorogenic acid reflected anti-H. pylori activity
via urease inhibition*". Via docking studies, chlorogenic acid’ and ferulic acid** exhibited activity against against
H. pylori. However, one of the limitations of the current investigation is employing pure separated compounds
which was rare, and therefore is required in the further studies. Furthermore, our investigation did not study the
action mechanism of extract constituents at genetic levels. Finally, only in vitro investigation was included in this
repaper, limiting the investigation of the effectiveness of the MSK in the animal.

Conclusion

The results of our experiments reflected the efficacy of SFE at operating temperature 30 °C for the extraction of
MSK. Moreover, the obtained extract of MSK via SFE at operating temperature 30 °C contained several phenols
and flavonoids which appeared in high concentrations as well as possess high biological activities including
prevention of H. pylori, PC3 and SKOV3 cancer cell lines. Further explorations are required to searching for
other active compounds and separating these compounds for the illness management.
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Fig. 10. Effect of various doses of MSK extract on morphological fetures of PC3. Control (A), 31.25 pg/mL
(B), 62.5 pg/mL (C), 125 pg/mL (D), 250 pg/mL (E), 500 ug/mL (F), and 1000 pg/mL (G) of the extract via SFE

at operating temperature 30 °C. The existence of number (2) with the letters pointed the treatment by extract
via SFE at operating temperature 50 °C.
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Fig. 11. Effect of various doses of MSK extract on morphological fetures of SKOV3. Control (A), 31.25 pg/mL
(B), 62.5 pg/mL (C), 125 pg/mL (D), 250 pg/mL (E), 500 ug/mL (F), and 1000 pg/mL (G) of the extract via SFE
at operating temperature 30 °C. The existence of number (2) with the letters pointed the treatment by extract
via SFE at operating temperature 50 °C.

Data availability

The results from the present investigation are available from the corresponding author upon reasonable appeal.
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