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Abstract. Walnut  (Juglans regia L.) is considered to be a 
‘superfood’ for its multiple protective actions on human health. 
Walnut extracts have proven antitumor activity in different 
cancer cell lines. However, the efficacy of septum extract against 
glioblastoma has still not been investigated. Glioblastoma is 
the most difficult type of brain cancer to treat. The standard 
therapy, based on temozolomide, causes several side effects, 
including neutropenia and lymphocytopenia, which often favor 
the onset of opportunistic infections. In the present study, the 
chemical profile of the Sicilian walnut septum ethanolic extract 
was analyzed using high‑performance liquid chromatog-
raphy (HPLC)‑diode array detection and HPLC‑electrospray 
ionization tandem mass spectrometry. The potential cytostatic 
activity of the extract against the human A172 glioblastoma 
cell line was investigated and the results showed that the 
extract could decrease cancer cell proliferation and migra-
tion. Using cytofluorimetric analyses and caspase‑3 assays, 
the pro‑apoptotic action of walnut extract was demonstrated. 
Furthermore, the evaluation of the antibacterial activity high-
lighted the efficacy of the extract in reducing Gram‑positive and 
Gram‑negative bacterial growth, most of which were resistant 
to the antibiotic, ciprofloxacin. Finally, Prediction of Activity 
Spectra for Substances analysis showed the predicted antitumor 
and antibacterial activity of HPLC detected compounds. The 

promising results could provide novel perspective in the field of 
chemotherapeutic co‑adjuvants.

Introduction

Plant extracts are becoming increasingly important, as a 
prominent source of active compounds, which are able to 
interfere with biological activities in eukaryotic and prokary-
otic cells (1). In traditional medicine, the crude extracts of 
different parts of plants were formerly used, as a folk remedy 
for a large variety of pathologies, which is due to the biological 
proprieties of the molecules present in the extracts (2).

Juglans regia L. (J. regia), the common walnut, belongs to the 
Juglandaceae family and is rich, in all parts, in various chemical 
products, with antimicrobial, anti‑biofilm, anti‑inflammatory 
and anti‑oxidant activities (3,4). Accordingly, the fresh green 
fruit, the peel, the skin, the leaves, the bark and the root have 
been widely used in food, cosmetic and pharmaceutical indus-
tries (5). The brown and thin leathery covering of the kernel 
contains a high concentration of phenolic compounds and 
protects the kernel from microbial attack (6). The antimicro-
bial activity of walnut tree branches and walnut pellicle extract 
has been shown (4,7). Furthermore, the anticancer activity of 
phenolic compounds and, in particular, the anti‑proliferative 
effect of J. regia extracts on human breast and oral cancer cell 
lines has been demonstrated (8,9). However, despite the proven 
antitumor effects on different cancer cell lines, the efficacy of 
walnut extract on glioblastoma cells is still currently unknown. 

Brain cancers are a heterogeneous group of tumors deriving 
from neoplastic transformation of brain cells (primary tumor) 
or from the invasion of cancer cells originating from another 
part of the body (secondary tumor). Data regarding the inci-
dence rates of primary tumors of the central nervous system are 
not encouraging. Specifically, glioblastoma, the most aggres-
sive form of astrocytoma, accounts for 50% of all gliomas and 
in 2018, it was responsible for 2.5% cancer‑associated death, 
worldwide (10‑13). Using molecular and histological techniques, 
it is possible to recognize different hallmarks of malignancy, 
such as intense proliferation, cell heterogeneity, genomic point 
aberrations, high vascularization and invasion (14,15). 

The double effect of walnut septum extract (Juglans regia L.) 
counteracts A172 glioblastoma cell survival and bacterial growth

CARLO GENOVESE1,2*,  MARIA TERESA CAMBRIA3*,  FLORIANA D'ANGELI3,   
ALESSANDRO PAOLO ADDAMO1,  GIUSEPPE ANTONIO MALFA4,  LAURA SIRACUSA5,  

LUANA PULVIRENTI5,  CARMELINA DANIELA ANFUSO3,  GABRIELLA LUPO3  and  MARIO SALMERI1

1Department of Biomedical and Biotechnological Sciences, Microbiology Section, University of Catania; 2Nacture S.r.l.,  
Spin‑off University of Catania; 3Department of Biomedical and Biotechnological Sciences, Biochemistry Section, 

University of Catania, I‑95123; 4Department of Drug Science, Biochemistry Section, University of 
Catania, I‑95125 Catania; 5Istituto di Chimica Biomolecolare del CNR, I‑95126 Catania, Italy

Received April 28, 2020;  Accepted June 25, 2020

DOI: 10.3892/ijo.2020.5130

Correspondence to: Gabriella Lupo and Carmelina Daniela 
Anfuso, Department of Biomedical and Biotechnological Sciences, 
Biochemistry Section, University of Catania, 97 Via Santa Sofia, 
I‑95123 Catania, Italy
E‑mail: gabriella.lupo@unict.it 
E‑mail: daniela.anfuso@unict.it

*Contributed equally

Key words: glioblastoma, minimal inhibitory concentration, 
gram‑positive and gram‑negative bacterial strains, walnuts septum, 
Juglans regia L., cancer cell proliferation and migration, apoptosis

https://www.spandidos-publications.com/10.3892/ijo.2020.5130


GENOVESE et al:  EFFECTS OF WALNUT SEPTUM EXTRACT IN GLIOBLASTOMA1130

The development of innovative treatments and novel 
therapeutic strategies are areas of active research, aimed at 
improving the quality of life and life expectancy of patients 
with cancer (16‑20). However, despite the enormous progress 
in this field, even with the introduction of immunotherapy (21), 
brain tumors are still associated with high mortality rates (22). 
The standard therapy for glioblastoma requires three different 
steps: surgical resection, external beam radiation therapy and 
chemotherapy (23). 

It is worth noting that one of the complications of 
antitumor therapy is infectious diseases, due to immunosup-
pression in patients with cancer. In this regard, it has been 
reported that concomitant radio‑ and chemotherapy treatment 
causes neutropenia and lymphocytopenia, thus promoting 
opportunistic infection by Pneumocystis carinii pneumonia 
in patients with grade III anaplastic astrocytoma and grade IV 
glioblastoma multiforme (24). Therefore, the emergence of 
opportunistic infections in patients with cancer depends on the 
cytotoxic effects of chemotherapeutic agents, that prevent the 
active reproduction of proliferating cells, including cells in the 
immune system. This leads to a reduction in the host defense 
system (25). 

Several studies have demonstrated the beneficial effects 
of walnut consumption for the brain. In particular, in both 
animal and human studies it was demonstrated that a walnut 
diet reduces the brain‑accumulation of damaged proteins and 
reduces brain inflammation associated with aging (26‑28). A 
previous study has highlighted the strong antioxidant effects 
of walnut septum extracts (29), suggesting a possible role of 
such extracts in the maintenance of brain homeostasis (30,31). 
Therefore, these studies have demonstrated that walnut 
consumption or walnut extracts are protective for brain 
aging (32), paving the way for further studies investigating 
brain tumors. 

Thus, the aim of the present study was to investigate the 
effect of the walnut septum extract against one of the most 
aggressive brain tumors. Using high‑performance liquid 
chromatography‑diode array detection  (HPLC/DAD) and 
HPLC‑electrospray ionization tandem mass spectrom-
etry (HPLC/ESI‑MS) analysis, the phytochemical composition 
of Sicilian walnut fruit septum ethanolic extract was obtained. 
The potential cytostatic and cytotoxic properties of the extract 
against human glioblastoma cell line and the antibacterial 
activity against different Gram‑positive and Gram‑negative 
bacterial strains were also investigated. Using the Prediction of 
Activity Spectra for Substances (PASS) analysis, the possible 
bioactive compounds responsible for the biological effect of 
walnut septum extract was also investigated. 

Materials and methods 

Chemicals. Unless otherwise stated, all reagents and solvents 
were of analytical grade and used without further purification. 
Pure reference standards: gallic acid, vanillic acid, ellagic acid, 
p‑coumaric acid and quercetin 3‑O‑glucoside were purchased 
from Sigma Aldrich (Merck KGaA), while flavan‑3‑ols 
catechin, epigallocatechin and epigallocatechingallate were 
obtained from Extrasynthese. HPLC grade water, acetonitrile 
and methanol were purchased from VWR International, LLC 
(Avantor).

Plant material and preparation of the extract. Walnuts 
were collected in Trecastagni (Catania, Italy). The specimen 
was authenticated by the Botanist Prof. Salvatore Ragusa, 
Department of Health Sciences, University of Catanzaro, 
(Catania, Italy). A voucher specimen of walnut was deposited 
in the herbarium of the same Department. The preparation of 
walnuts septum extract was conducted as previously described 
by Acquaviva et al (4). Briefly, 10 g of dried J. regia septum 
were ground using a pestle and mortar. Ethanolic extract was 
obtained by maceration of 10 g pulverized walnut septum in 
50 ml 96% ethanol (Merck KGaA) for 48 h, under constant 
shaking at room temperature. The extraction process was 
repeated four times. The four aliquots were combined together 
(200 ml), filtered and evaporated to a dry product, under 
reduced pressure with a rotatory evaporator (Stuart RE300; 
Thermo Fisher Scientific, Inc.). The weight of the dried extract 
was 0.55 g and it was stored at 4˚C in an airtight glass vial 
until further use. The extract obtained was then solubilized in 
96% ethanol and used for the experiments. 

HPLC/DAD and HPLC/ESI‑MS analyses. Chromatographic 
analyses were performed using an Ultimate3000 UHPLC 
focused instrument equipped with a binary high‑pressure 
pump, a Photodiode Array detector, a Thermostatted Column 
Compartment and an Automated Sample Injector (Thermo 
Fisher Scientific, Inc.). The collected data was processed using 
a Chromeleon Chromatography Information Management 
System v6.80 (Thermo Fisher Scientific, Inc.). Chromatographic 
runs were performed using a reverse‑phase column (Gemini 
C18; 250 x 4.6 mm; 5 µm particle size) equipped with a guard 
column (Gemini C18 4 x 3.0 mm; 5 µm particle size) (both 
from Phenomenex, Inc.). Walnut fruit septum polyphenols 
were eluted using a gradient of B (2.5% formic acid in aceto-
nitrile) in A (2.5% formic acid in water): 0 min: 5% B; 10 min: 
15% B; 30 min: 25% B; 35 min: 30% B; 50 min: 90% B; 
57 min then held for a further 7 min, 100% B. The solvent flow 
rate was 1 mL/min, the temperature was maintained at 25˚C 
and the injector volume selected was 10 µl. Quantification 
was performed at 280 nm for organic acids (protocatechuic 
and vanillic acid) using vanillic acid as the reference (R2, 
0.9999), while gallic acid and its derivatives [including 
hexahydroxydiphenol (HHDP) derivatives] were quantified 
at the same wavelength using gallic acid (R2, 0.9998) as an 
external standard. Similarly, quantification of flavan‑3‑ols was 
performed at 280 nm using catechin (R2, 0.9999), epigallocat-
echin (R2, 0,9999) and epigallocatechin gallate (R2, 0.9998) 
as references, whilst p‑coumaric acid was quantified at 330 nm 
using the corresponding commercially available material (R2, 
0.9999). Quercetin 3‑O‑glucoside (R2, 0.9998) was used to 
quantify all flavonols present in the extract; ellagic acid (R2, 
0.9997) was used as the reference for the quantification of 
its own derivatives and valoneic acid dilactone. Flavonols, 
ellagic acids and valoneic acid derivatives were all quantified 
at 350 nm. To unambiguously identify the chromatographic 
signals and to confirm peak assignments, HPLC/ESI‑MS 
analyses were also performed. The HPLC apparatus used 
was the same as aforementioned, whilst ESI MS spectra were 
acquired using a Thermo Scientific Exactive Plu Orbitra MS 
(Thermo Fisher Scientific, Inc.), using a heated electrospray 
ionization (HESI II) interface. MS spectra were recorded 
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operating in negative ion mode, in the m/z range 120‑1,500, 
at a resolving power of 25,000 (full‑width‑at‑half‑maximum, 
at m/z 200, full‑width‑at‑half‑maximum, resulting in a scan 
rate of >1.5 scans/sec when using automatic gain control 
target of 1.0x106 and a C‑trap inject time of 250 ms, under the 
following conditions: Capillary temperature, 300˚C; nebulizer 
gas (nitrogen) with a flow rate 60 arbitrary units; auxiliary 
gas flow rate 10 arbitrary units; source voltage 3 kV; capil-
lary voltage 82.5 V; tube lens voltage 85 V. The Orbitrap MS 
system was tuned and calibrated in positive modes, by infu-
sion of solutions of a standard mixture of SDS (Mr 265.17 Da), 
sodium taurocholate (Mr 514.42  Da) and Ultramark (Mr 
1621 Da). Data acquisition and analyses were performed using 
the Excalibur software v4.3 (Thermo Fisher Scientific, Inc.). 
Analyses were all performed in triplicate. 

Cell culture and treatment. Human glioblastoma cells (A172), 
were purchased from American Type Culture Collection (ATCC) 
and maintained in Dulbecco's modified Eagle's medium (DMEM; 
ATCC® 30‑2002™; ATTC) containing 4  mM L‑glutamine, 
4,500 mg/l glucose, 1 mM sodium pyruvate and 1,500 mg/l 
sodium bicarbonate, supplemented with 10% heat‑inactivated 
fetal bovine serum (FBS; Sigma‑Aldrich; Merck KGaA) and 
1% penicillin/streptomycin, at 37˚C in a humidified incubator 
with 5% CO2. Human foreskin fibroblasts (HFF‑1) were also 
from ATCC and were used as a normal control, as previ-
ously described (33). Cells were cultured in DMEM (ATCC® 
30‑2002™; ATCC) supplemented with 15% heat‑inactivated FBS 
(Sigma‑Aldrich; Merck KGaA) and 1% penicillin/streptomycin, 
at 37˚C in a humidified incubator with 5% CO2. Cells were 
passaged once a week following trypsinization and replaced with 
new medium twice weekly. 

The A172 and HFF‑1 cell lines were cultured in presence 
or absence (control) of increasing concentrations of walnut 
septum extract, ranging from 8.75 to 140 µg/ml, for 24 and 
48 h. All the treatments were performed using culture medium 
containing 1% FBS (starvation conditions) to minimize cell 
proliferation, induced by the medium (34). The final ethanol 
concentration (used for extract solubilization) in the culture 
medium was 0.05%. This low concentration excludes any 
possible effect of the vehicle (ethanol) on treated cells (35). 

MTT assay. To verify the ability of the natural extract to 
affect A172 and HFF‑1 cell viability, the MTT assay was used 
(Thermo Fisher Scientific, Inc.). Cell lines were seeded in 
96‑well plates, at a density of 1.5x104 per well and incubated 
overnight at 37˚C prior to experimentation. Following which, 
cells were treated with scalar concentrations of walnut septum 
extract (8.75, 17.5, 35, 70, 140 µg/ml) for 24 and 48 h then, 
10 µl MTT reagent (5 mg/ml) was added to each well and the 
cells were incubated for 3 h at 37˚C. The formazan crystals 
were solubilized with 100 µl DMSO and plates were shaken 
for 10 min. The absorbance was measured at 570 nm using a 
plate reader (Synergy 2‑BioTek; Agilent Technologies, Inc.). 

Cell proliferation. Proliferation of the human glioblastoma 
cell line was determined using crystal violet (Merck KGaA) 
staining assay. Briefly, A172 cells were cultured in 96‑well 
plates, at a density of 1.5x104 per well and incubated for 18 h 
at 37˚C to enable adhesion of cells to the wells. Subsequently, 

cells were treated with 70 µg/ml walnut septum extract for 
24 h and 48 h. At the appropriate time point, the medium was 
removed, and the cells were washed twice with PBS. After 
washing, control and treated cells were observed using a 
phase contrast optical microscope and images were obtained 
using an inverted Leica DM IRB microscope equipped with a 
CCD camera (Leica Microsystems, Inc.). Subsequently, 100 µl 
0.5% crystal violet staining solution was added to each well 
and then the cells were incubated for 10 min at room tempera-
ture. Following three washes with PBS, the plate was air‑dried, 
without the lid for 2 h at room temperature. After the addition 
of 200 µl 0.1% SDS solution, the plates were shaken for 10 min 
and read at 570 nm using a plate reader (Synergy 2‑BioTek; 
Agilent Technologies, Inc.). 

Cell migration. The migration ability of the A172 cell line was 
measured using a standard wound‑healing assay, performed 
as previously described (14). Migration was captured using 
an inverted Leica DM IRB microscope equipped with a CCD 
camera (Leica Microsystems, Inc.). The ability of the A172 
cells migrate into the wound was evaluated by determining 
the percentage of growth area into the wound compared 
with the initial starting point at time 0  (t0). According to 
Ammann et al (36), to calculate the percentage of growth, 
the areas were measured by tracing the boundary of growth 
with the ImageJ software (ImageJ bundled with 64‑bit Java 
v1.8.0_112; National Institutes of Health). Time 0 represents 
the time after which the wound was created for all conditions: 
control (cells grown with 1% FBS for 24 and 48 h) and treated 
cells (cells grown with 1% FBS and 70 µg/ml walnut septum 
extract for 24 and 48 h). The percentage migration was deter-
mined using the following calculation: Percentage migration = 
[(Ainitial ‑ Amigration)/Ainitial x 100, where Ainitial was the initial 
wound area and Amigration was the wound area following cell 
migration.  

Caspase‑3 colorimetric protease assay. Caspase‑3 activity 
was analyzed using A172 cell lysates with a colorimetric 
protease assay (Thermo Fisher Scientific, Inc.) as previously 
described (37). The absorbance was read using a microplate 
reader (Synergy 2‑BioTek; Agilent Technologies, Inc.) at 
400 nm.

Flow cytometery analysis. The A172 cell line was seeded 
in 6‑well plates, at a density of 3x104 cells. Following treat-
ment with 70 µg/ml walnut septum extract for 24 and 48 h, 
cells were collected and washed with PBS, then subsequently 
stained with Annexin V‑FITC/propidium iodide (PI), in 
Annexin‑V binding buffer (Sigma‑Aldrich; Merck KGaA) 
for 10 min at 20˚C (protected from light), according to the 
manufacturer's instructions. Samples were analyzed immedi-
ately using an Amnis® FlowSight® flow cytometer (Luminex 
Corporation). A 488 nm laser was used for excitation. Bright 
field (430‑480 nm), Annexin V‑FITC (505‑560 nm) and PI 
(595‑642 nm) analysis was focused on at least 5,000 cell events 
per sample. INSPIRE® software (vMark II) was used to setup, 
calibrate and obtain spectral compensation, while IDEAS® 
software (v6.0) (both EMD Millipore; Merck KGaA) was 
used to quantify the number of cell subpopulations (healthy, 
apoptotic and necrotic cells). 
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Bacterial strains. In  vitro assays were performed against 
32 clinical isolates (16 Gram‑positive and 16 Gram‑negative 
strains), from the bacterial library of the Department of 
Biomedical and Biotechnological Sciences (University of 
Catania, Catania, Italy). Staphylococcus aureus (S. aureus; 
ATCC 29213), Staphylococcus epidermidis (S. epidermidis; 
ATCC 14990), Enterococcus faecalis (E. faecalis; ATCC 
29212), Enterococcus faecium (E. faecium; ATCC 700221), 
Escherichia coli (E. coli; ATCC 35218), Pseudomonas aerugi‑
nosa (ATCC 27853), Klebsiella pneumoniae (K. pneumoniae; 
ATCC 700630) and Proteus mirabilis (P. mirabilis; ATCC 
7002) were purchased from ATCC and used as reference 
strains.

Antimicrobial susceptibility testing. The Minimal Inhibitory 
Concentration (MIC) of J. regia L. extract was tested using 
the broth microdilution method, with reference to the stan-
dard procedures of the Clinical and Laboratory Standards 
Institute (38). The dry extract was solubilized in ethanol and 
diluted in cation adjusted Mueller‑Hinton broth (CAMHB) 
(Becton, Dickinson and company) with a 1:100 ratio. The 
stock solution was filtered using a 0.22 µm filter (EMD 
Millipore) and serial two‑fold dilutions were made at concen-
trations ranging from 0.53 to 275.00 µg/ml in sterile 96‑well 
microplates (Corning, Inc.) containing CAMHB. Isolated 
colonies on Mueller Hinton agar plates were suspended 
in 0.85% sodium chloride, to achieve a turbidity equiva-
lent to 0.5 McFarland Standard. Turbidity evaluation was 
performed using a spectrophotometer, at 600 nm (Synergy 
2‑BioTek; Agilent Technologies, Inc.). After a dilution with 
a 1:100 ratio, bacterial suspensions were added to each well 
for a final concentration of 5x105 colony forming units/ml. 
The MIC was defined as the lowest concentration at which 
there was no visible growth following incubation at 37˚C 
without CO2 for 18‑24 h (39). The broad‑spectrum antibiotic 
ciprofloxacin (Sigma‑Aldrich; Merck KGaA), at concentra-
tions ranging from 0.06 to 32.00 µg/ml, was used as an 
antibacterial positive control. Each test included a positive 
growth control and a negative sterility control (culture broth 

without bacteria). Results are expressed as the mean form 4 
experiments.

PASS analysis. PASS is an online platform for the predic-
tion of biological and pharmacological effects, based on the 
structure of drug‑like compounds (40‑42). The analysis also 
hypothesizes a possible mechanism of action of the studied 
molecules. Based on this potential, a PASS analysis on HPLC 
detected compounds, available on the PubChem platform, was 
performed (43). For each molecule, the Pa (probable activity) 
and Pi (probable inactivity) values, both ranging from 0,000 
to 1,000, were reported. Higher values of Pa are associated 
with a higher probability to obtain that effect experimentally, 
although some real activities could be lost  (44). The study 
reported only the cytostatic, cytotoxic and antimicrobial 
activities of the selected compounds, with a Pa>0,700. 

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation of three independent experiments, performed 
in triplicate. Statistical significance between two groups was 
analyzed using an unpaired Student's t‑test. One‑way analysis 
of variance (ANOVA), followed by Tukey's post‑hoc test, was 
used to compare the means for multiple groups.

Results

Polyphenol profile and content of Sicilian walnut (J. regia) 
fruit septum. To characterize the phenolic profile and 
content of the fruit septum from Sicilian walnuts, a series 
of HPLC/Uv‑vis‑DAD and HPLC/ESI‑MS analyses was 
performed and the corresponding DAD chromatogram, 
visualized at 280 nm, is depicted in Fig.  1. A total of 
30 peaks were tentatively identified, in the range between 
0 and 30 minutes; identification was made on the basis of 
their relative retention times, UV‑visible (UV‑vis) and mass 
spectral data (data not shown). Injection with pure analytical 
standards was used when available and comparison with 
literature data on similar matrices corroborated the assign-
ments from a preliminary analysis. The majority of the 

Figure 1. High‑performance liquid chromatography‑diode array detection analysis of walnut septum extract. Chromatogram, visualized at 280 nm, of the 
ethanolic extract from the walnut fruit septum. The numbers indicate the 30 different compounds identified.
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thirty peaks showed an UV‑vis spectrum with a single peak 
in the range between 265 and 280 nm (Table I), which was 
attributed to gallic acid‑based metabolites. Mass spectra 
analyses, particularly extracted ion chromatograms provided 
a pivotal contribution in the tentative identification of these 
peaks. Furthermore, the UV‑vis and mass spectral data show 
a series of mono, di‑, tri‑, tetra‑ and penta‑galloyl‑hexose 
isomers (Fig. S1), among which pedunculagine, peak number 
3 (p.n. 3) and tellimagradine I (p.n. 30) were found. The p.ns. 
8, 11 and 13 were identified using the corresponding available 
commercial standards, such as epigallocatechin, catechin and 
epicatechin, respectively; mass spectra analyses confirmed 
the attribution. The p.ns. 4 and 9 exhibited a strange UV‑vis 
spectra (two bands at 292 and 255 nm), which is typical 
of catechol chromophore; commercial reference and mass 
analyses also assisted with identification, which was found 
to be protocatechuic acid (p.n. 4) and vanillic acid (p.n. 9). 
The p.n. 10 was identified as the sole detecTable hydroxycin-
namic acid present in the extract and reported as p‑coumaric 

acid hexoside from its UV‑vis and mass spectra data. The 
p.ns. 23 and 26 showed a UV‑vis spectra (absorptions at 255 
and 350 nm; strange spectrum shape) that was similar to 
quercetin derivatives; following mass analyses these peaks 
were identified as quercetin 3‑O‑glucoside (p.n. 23) and 
quercitrin (quercetin 3‑O‑rhamnoside; p.n. 26). Another 
common constituent of the hydrolysable tannins group, 
ellagic acid, itself is derived from the intramolecular lactoni-
zation of HHDP, which confers to this molecule a strange 
shaped UV‑vis spectrum with two absorption bands at 255 
and 263‑264 nm. This allowed the identification of peaks 
20, 22 and 28 to be determined as ellagic acid derivatives; 
mass spectral data confirmed the attribution as two ellagic 
acid hexoside isomers (p.ns. 20 and 22) and ellagic acid 
pentoside (p.n. 28). The p.n. 29 showed a UV‑vis spectrum, 
which was very similar to that of ellagic acid; however, it 
was not identical, with a more intense peak at ~290  nm 
(Fig. S2). A literature search on a walnut seed  (45,46) or 
similar seeds (47) identified the compound at p.n. 29 as a 

Figure 2. Dose‑dependent and time course effects of walnut septum extract on (A) HFF‑1 and (B) A172 cell viability. Cells were cultured in culture medium, 
in the presence or absence of different concentrations of walnut septum extract (range, 8.75 to 140 µg/ml), for 24 and 48 h. The data are presented as the 
mean ± SD from three independent experiments performed in triplicate. Statistically significant differences were determined using one‑way analysis of vari-
ance ANOVA and Tukey's post hoc test. §P<0.0001, #P<0.001, *P<0.05, vs. control at the same incubation time. CTRL, control.

Figure 3. Effect of walnut septum extract on A172 cell proliferation. (A) Representative micrographs (magnification, x100) and (B) quantitative analysis 
of A172 cells cultured in the presence or absence of 70 µg/ml walnut septum extract for 24 and 48 h. The data are presented as the mean ± SD from three 
independent experiments performed in triplicate. Statistically significant differences were determined using independent Student's t‑test. #P<0.001, *P<0.05 
versus control at the same incubation time.
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valoneic acid dilactone derivative (molecular weight, 632). 
With respect to quantitative analysis, the primary compound 
in the extract was at peak 22 (ellagic acid hexoside isomer 2; 
6.16 mg/100 mg extract) followed by valoneic acid dilactone 
with 5.63 mg/100 mg extract and gallotannin pedunculagin 
3 with 3.50 mg/100 mg extract (Table I). Despite the lower 
number of compounds with respect to gallotannins, ellagic 
acid derivatives account for ca. 50% of the total metabolites 
in the extract (13.39 mg vs. 32.9 mg; Table I), with total gallo-
tannins accounting for 13.51 mg/100 mg extract. Flavonoids 
are the third more represented subclass of polyphenols with 
only 2.56 total mg/100 mg extract.

Viability of HFF‑1 and A172 cells, cultured in the presence 
of increasing concentrations of walnut septum extract. Prior 
to investigating the anti‑proliferative effect of the natural 
extract on human A172 glioblastoma cells, the possible cyto-
toxic effect of the extract on A172 cells and a non‑cancerous 
cell line (HFF‑1) was performed using MTT assay. The 
A172 and HFF‑1 cell lines were cultured in absence (control 
cells) or in presence of increasing concentrations of walnut 
septum extract, ranging from 8.75 to 140 µg/ml, for 24 and 
48 h (Fig. 2A and B). The natural extract was solubilized in 
ethanol and, subsequently, diluted in medium at 0.05% final 
concentration. The treatment with vehicle alone (ethanol) did 
not cause any change in viability in both cell lines, at the 
two time points (data not shown). A significant reduction of 
HFF‑1 cell viability occurred only in presence of the highest 
concentration of the extract (140 µg/ml), at 24, as well as 
48 h (Fig. 2A). In A172 cells the treatment with lower doses 
of the natural extract (8.75 and 17.5 µg/ml) did not produce 
any effect on cell viability, at both 24 and 48 h. However, 
a dose‑dependent reduction in cell viability was observed 
when A172 cells were treated with higher doses (from 35 
to 140 µg/ml) of the walnut septum extract (Fig. 2B). The 
concentration of 70 µg/ml, inducing a significant reduction 

of A172 cell viability, without affecting HFF‑1 cell viability, 
was selected for subsequent experiments on human glioblas-
toma cells. 

Effect of walnut septum extract on A172 cell prolifera‑
tion. Proliferation of A172 cells, cultured in the presence or 
absence of walnut septum extract (70 µg/ml), for 24 and 48 h 
was evaluated using a crystal violet assay and the cell micro-
graphs of control and treated cells are shown in Fig. 3A. The 
quantification of proliferation following crystal violet staining 
assay demonstrated that the treatment with the natural extract 
significantly reduced A172 cell proliferation by 20 and 42% at 
24 and 48 h, respectively, compared with that in the control 
group (Fig. 3B).

Figure 4. Effect of walnut septum extract on A172 cell migration. A172 cells were cultured in the presence or absence of 70 µg/ml walnut septum extract. 
(A) Representative images of A172 cells are shown at 0, 24 and 48 h following creation of the wound and the results were (B) quantified (percent wound closure 
vs. time). The data are presented as the mean ± SD, from three independent experiments, performed in triplicate. Statistically significant differences were 
determined using independent Student's t‑test. #P<0.001 versus control at the same incubation time. CTRL, control.

Figure 5. Effect of walnut septum extract on caspase‑3 activity in A172 cells. 
A172 cells were cultured in the presence or absence of 70 µg/ml walnut septum 
extract, for 24 and 48 h. Caspase‑3 activity was determined using a colori-
metric protease assay. The data are presented as the mean ± SD from three 
independent experiments, performed in triplicate. Statistically significant 
differences were determined using independent Student's t‑test. §P<0.0001, 
#P<0.001 versus control at the same incubation time. CTRL, control.
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Effect of walnut septum extract on A172 cell migration. A172 cell 
migration was investigated using the wound‑healing assay. The 
migration of cells was monitored for 24 and 48 h following creation 
of the wound and the representative images at 0, 24 and 48 h time 
points are shown in Fig. 4A. The untreated A172 cells were able 
to migrate across the wound and close it at 48 h. Conversely, the 
treatment of cells with 70 µg walnut septum extract significantly 
reduced migration of the cells, at 24 and 48 h, compared with that 
in untreated cells. The results were analyzed quantitatively, and 
cell migration was significantly decreased by 42% at 24 h and by 
50% at 48 h in cells treated with walnut septum extract, compared 
with that in the control groups (Fig. 4B).

Effect of walnut septum extract on A172 cell apoptosis. The 
caspase‑3 assay was performed on the human A172 glioblas-
toma cell line to investigate the ability of walnut septum extract 
to induce apoptotic death (Fig. 5). A172 cells were cultured in 
the presence or absence of 70 µg/ml walnut septum extract, for 
24 and 48 h. A significant induction in caspase‑3 activity was 
found in the presence of 70 µg/ml walnut extract compared 
with that in untreated cells, at both time points. Notably, at the 
48‑h time point, the activity of the enzyme was double that in 
A172 treated cells compared with that in the control group. 

To further analyze the pro‑apoptotic effect of walnut 
septum extract on the human A172 glioblastoma cell line, flow 
cytometry evaluation of Annexin‑V/PI staining was performed 
(Fig. 6A and B). The flow cytometry plots are displayed, for 
each experimental condition, and the distribution of A172 
cells in four different quadrants, depending on their staining 
with Annexin‑V and PI (Fig. 6A). A172 cells, cultured without 
walnut septum extract for 24 and 48 h, were double negative 
for staining (Annexin‑V and PI), therefore are considered 
as healthy (Fig. 6A, panels 1 and 2). The analysis revealed 
that treatment with 70 µg/ml walnut septum extract at both 
24 and 48 h increased early and late apoptosis of A172 cells 

(Fig. 6A, panels 3 and 4). There was a moderate increase in the 
number of necrotic cells observed in A172 cells cultured in the 
presence of 70 µg/ml walnut septum extract (Fig. 6A, panels 
3 and 4) compared with that in the control group, at 24 and 
48 h (Fig. 6A, panels 1 and 2). The percentages of the single 
cell subpopulation (healthy, early apoptotic, late apoptotic and 
necrotic cells), for each experimental condition, are shown in 
Fig. 6B. The treatment of A172 cells with 70 µg/ml walnut 
septum extract caused a significant reduction of healthy cells, 
followed by a concomitant increment of apoptotic and necrotic 
cells, which was more evident at 48 h. Notably, the increase 
in late apoptotic cells cultured with walnut septum extract at 
48 h was higher compared with that in cells at 24 h. The results 
suggested that, at 70 µg/ml, the natural extract could cause 
apoptotic death of human glioblastoma cells.

Antibacterial activity of walnut septum extract. The antibac-
terial activity of walnut septum extract was also determined 
using the standard broad‑spectrum drug, ciprofloxacin 
(Table  II). The natural extract exhibited an antibacterial 
effect on Gram‑positive bacteria; however, the effect was 
found at varying degrees. The MICs were in the ranges of 
8.59‑275 µg/ml against S. aureus, S. epidermidis, E. faecalis 
and E. faecium. Gram‑negative strains were the least sensitive, 
with MIC values of 275 μg/ml against E. coli, K. pneumoniae, 
P. aeruginosa and P. mirabilis. The extract was more effec-
tive against P. aeruginosa compared with that in other 
Gram‑negative bacterial strains (MIC 137.5 µg/ml). 

Furthermore, treatment with the highest doses of 
natural extract (275 µg/ml) was able to affect the growth of 
Gram‑positive and Gram‑negative bacterial strains, most of 
which were resistant to the antibiotic Ciprofloxacin.  

Predicted cytostatic, cytotoxic and antimicrobial activity of 
walnut septum extract: PASS analysis. To determine which 

Figure 6. Pro‑apoptotic effect of walnut septum extract on A172 cells using a flow cytometry assay. The A172 cells were cultured in the presence or absence of 
70 µg/ml walnut septum extract, for 24 and 48 h. (A) Flow cytometry plots and (B) quantification of the results. The data are presented as the mean ± SD from 
three independent experiments, performed in triplicate. Statistically significant differences were determined using independent Student's t‑test. §P<0.0001, 
#P<0.001, *P<0.05 versus control at the same incubation time. EA, early apoptosis; LA late apoptosis; CTRL, control.
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Table II. Antimicrobial activity of Juglans regia L. against Gram‑positive and Gram‑negative bacterial strains.  

A, Gram‑positive bacterial strains

				    MIC, µg/ml	
			  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Strain no.a	 Name	 Source 	 Juglans regia L.	 Cip	 ICb

001/040	 S. aureus ATCC 29213	 Standard	 68.75	 0.50	 S
002/040	 S. aureus 	 Endophtalmitis	 17.18	 0.25	 S
003/040	 S. aureus 	 Pneumonia	 275.00	 4.00	 R
004/040	 S. aureus 	 Pneumonia	 8.59	 0.25	 S
005/040	 S. aureus	 Endophtalmitis	 17.18	 0.50	 S
006/040	 S. epidermidis ATCC 14990	 Standard	 8.59	 0.12	 S
007/040	 S. epidermidis 	 Osteomyelitis	 8.59	 0.03	 S
008/040	 S. epidermidis	 Septicemia	                                ORC	 8.00	 R
009/040	 S. epidermidis	 Endophtalmitis	 68.75	 0.01	 S
010/040	 S. epidermidis	 Septicemia	 275.00	 8.00	 R
011/040	 E. faecalis ATCC 29212	 Standard	 34.37	 0.50	 S
012/040	 E. faecalis 	 Abscess	 8.59	 0.50	 S
013/040	 E. faecalis 	 Septicemia	 34.37	 0.50	 S
014/040	 E. faecalis 	 Pneumonia	 34.37	 1.00	 S
015/040	 E. faecalis	 Abscess	 17.18	 0.25	 S
016/040	 E. faecium ATCC 700221	 Standard	                                   ORC	 ORC	 R
017/040	 E. faecium 	 Cholecystitis	                            ORC	 ORC	 R
018/040	 E. faecium 	 Catheter cystitis	 275.00	 8.00	 R
019/040	 E. faecium 	 Catheter cystitis	 8.59	 1.00	 S
020/040	 E. faecium	 Cholecystitis	 275.00	 16.00	 R

B, Gram‑negative bacterial strains

				    MIC, µg/ml	
			  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Strain no.a	 Name	 Source 	 Juglans regia L.	 Cip	 ICb

021/040	 E. coli ATCC 35218	 Standard	 275.00	 0.01	 S
022/040	 E. coli 	 Septicemia	 275.00	 0.01	 S
023/040	 E. coli	 Septicemia	                           ORC	                         ORC	 R
024/040	 E. coli	 Cystitis	 275.00	 4.00	 R
025/040	 E. coli	 Cystitis	 275.00	 8.00	 R
026/040	 P. aeruginosa ATCC 27853	 Standard	 275.00	 0.25	 S
027/040	 P. aeruginosa 	 Septicemia	 137.50	 0.06	 S
028/040	 P. aeruginosa 	 Septicemia	 275.00	 4.00	 R
029/040	 P. aeruginosa	 Pneumonia	 275.00	 0.12	 S
030/040	 P. aeruginosa	 Pneumonia	 275.00	 16.00	 R
031/040	 K. pneumoniae ATCC 700630	 Standard	 275.00	 0.25	 S
032/040	 K. pneumoniae 	 Nephritis	                              ORC	 4.00	 R
033/040	 K. pneumoniae 	 Pneumonia	                           ORC	 32.00	 R
034/040	 K. pneumoniae 	 Pneumonia	                           ORC	 8.00	 R
035/040	 K. pneumoniae	 Nephritis	                                275	 4.00	 R
036/040	 P. mirabilis ATCC 7002	 Standard	                                 275	 0.25	 S
037/040	 P. mirabilis 	 Cystitis	                                 ORC	 1.00	 S
038/040	 P. mirabilis 	 Cystitis	 275.00	 0.01	 S
039/040	 P. mirabilis 	 Cystitis	 275.00	 0.01	 S
040/040	 P. mirabilis	 Cystitis	                                ORC	 8.00	 R

aInternal directory for bacteria. bIC for Cip (Performance standard, Clinical and Laboratory Standards Institute no. M100‑S27): ≤1, S; 2, I; ≥4, R. Cip, 
ciprofloxacin; IC, interpretive criteria; S, susceptible; I, intermediate; R, resistant; ORC, out range of concentration; S. aureus, Staphylococcus aureus; 
S. epidermidis, Staphylococcus epidermidis; E. faecalis, Enterococcus faecalis; E. faecium, Enterococcus faecium; E. coli, Escherichia coli; P. aerugi‑
nosa, Pseudomonas aeruginosa; K. pneumoniae, Klebsiella pneumoniae; P. mirabilis, Proteus mirabilis; ATCC, American Tissue Culture Collection.
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molecules could be responsible for the biological effects 
of walnut septum extract, PASS analysis was performed. 
The PubChem platform was used to verify the predicted 
activities of HPLC identified compounds (43). The results 
showed an activity spectrum for each molecule, including 
antineoplastic, antimutagenic, cytostatic, anti‑infective, and 
antiseptic effects (Table III). 

Discussion 

Increasing scientific evidence highlights the crucial role of 
diet (48), probiotics (49) and nutraceutical (50) products on 
biological processes (pathogen resistance, xenobiotic and drug 
metabolism, delay in the aging process, prevention of chronic 
diseases, increase in life expectancy, or support in the structure 
or function of the body) and, consequently, on human health 
and diseases, including cancer (51‑55).

Notably, bad dietary and lifestyle habits can induce 
both genetic and epigenetic changes  (for example, DNA 
methylation, histone post‑translational modification, such as 
acetylation, ubiquitination, sumoylation, phosphorylation and 
ADP‑ribosylation)  (56), which can significantly impact the 
health status of individuals, inducing genetic mutations or the 
alteration in the expression levels of micro(mi)RNAs, which 
are known to be involved in the pathogenesis of different 
tumors. For example, upregulation (such as hsa‑miR‑196a‑5p, 
hsa‑miR‑503‑5p, hsa‑miR‑7‑5p, hsa‑miR‑542‑5p, hsa‑miR‑142‑5p, 
hsa‑miR‑19a‑3p, hsa‑miR‑18a‑5p, hsa‑miR‑19b‑3p, hsa‑miR‑32‑5p, 
hsa‑miR‑196b‑5p, hsa‑miR‑33b‑5p, hsa‑miR‑34b‑3p, 
from 1.55 to 8.1 fold change) and downregulation  (such 
as hsa‑miR‑195‑5p, hsa‑miR‑378a‑5p, hsa‑miR‑363‑3p, 
hsa‑miR‑100‑5p, hsa‑miR‑328‑5p, hsa‑miR‑99a‑5p, 
hsa‑miR‑218‑5p, hsa‑miR‑432‑5p, hsa‑miR‑379‑5p, 
hsa‑miR‑154‑5p, hsa‑miR‑133a‑3p, hsa‑miR‑487b‑5p, 
hsa‑miR‑135a‑5p, hsa‑miR‑411‑5p hsa‑miR‑1‑3p) of miRNAs 
have been demonstrated in oral cancers. Furthermore, hsa‐miR‐
514a‐3p, hsa‐miR‐508‐3p, hsa‐miR‐509‐3‐5p, hsa‑miR‑513c‑5p, 
hsa‑miR‑513a‑5p were downregulated, while hsa‑miR‑592 and 
hsa‑miR‑199a‑5p were upregulated in patients with high‑grade 
human melanoma compared with that in patients with low‑grade 
disease (57‑60). On the other hand, it has been widely demon-
strated that some micro‑ and macronutrients, including those 
contained in walnuts, have beneficial effects for individuals. 
In particular, it has been demonstrated that the consumption 
of 18% of dietary calories from walnuts significantly reduced 
the growth rate of MDA‑MB 231 human breast cancer cells 
implanted in mice (61). Another study demonstrated that walnut 
consumption also prevented cancer development in a transgenic 
mouse genetically programmed to develop cancer  (62). The 
effects on cancer suppression were associated with the walnut 
content of phenolic compounds, which could be distinguished 
into flavonoids, phenolic acids, stilbenes, coumarins, lignans, and 
tannins (63). Active molecules are used in Traditional Chinese 
Medicine, Ayurveda, Kampo, Traditional Korean Medicine, 
and in Unani (2). Over the last ten years the number of reports 
focusing on the biological activity of natural extracts has 
increased. Among the biological properties, the antiproliferative 
and antimicrobial effect of natural extracts have been widely 
reported (64‑68). Walnut extracts exerted a potent anticancer 
effect against different cancer cell lines, such as human colorectal 

adenocarcinoma, breast cancer and oral squamous carcinoma 
cancer (69). In particular, the dose‑dependent antiproliferative 
effect of walnut septum extract on human A549 lung adenocar-
cinoma, human T47D‑KBluc and MCF‑7 breast cancer cell lines 
has been demonstrated (70). In addition, walnut consumption or 
walnut extracts showed antioxidant, anti‑inflammatory and anti-
aging properties in the brain (26,29,32). However, the antitumor 
activity of walnut septum extract against one of the most aggres-
sive brain tumors, glioblastoma, has not been investigated. 

In the present study, the chemical composition of the 
septum extract of Sicilian walnuts was analyzed. Walnuts 
are considered as a type of ‘superfood’, with high nutritional 
content, as they contain numerous essential unsaturated fatty 
acids, tocopherols, sterols, fiber and polyphenols. With respect 
to biosynthesis, the majority of the known hydrolysable 
tannins originate from the different coupling possibilities of 
the same few building blocks: gallic acid, its dimer hexahy-
droxydiphenyl HHDP (sharing a similar chromophore) and 
a polyol, usually glucose or quinic acid (45). Walnut poly-
phenols comprise several subclasses of molecules, including 
flavan‑3‑ols, flavonols and hydrolizable tannins, which have 
been reported to dominate the phenolic profile of J. regia 
fruit (45,46,71). With respect to the walnut fruit septum (the 
wooden diaphragm inside the kernel), it has been used for a 
long time as a folk remedy in Traditional Chinese Medicine, 
with the name of Diaphragma juglandis fructus (72); however, 
there have been few studies investigating the compounds 
inside. A recent study by Li et al (73), bridged this gap by 
reporting a detailed characterization of phenols present in the 
walnut fruit septum from a Chinese cultivar using ultra perfor-
mance liquid chromatography‑MS analyses; the authors found 
75 different compounds, including flavonoids  (flavan‑3‑ols 
and flavanols), ellagic acid derivatives and gallotannins, thus 
confirming the precise compositional similarity of this part 
with the corresponding fruit (45). 

The results of the chemical analysis in the present study 
are similar to those reported by previous studies (45,73), with 
polyphenols being the majority type of metabolites found in 
walnut by‑products and hydrolyzable tannins are the most 
abundant polyphenol subclass. The presence of a valoneic acid 
dilactone derivative in considerable amounts in the extract 
in the present study was in disagreement with the study by 
Li et al (73), which reported several ellagic acid derivatives 
but not valoneic acid. 

Furthermore, Li et al (73) identified the presence of several 
hydroxycinnamic acids and 11 different quercetin derivatives, 
whereas the presence of p‑coumaric hexoside and glucoside 
and rhamnoside derivatives were found in the present study. 
These discrepancies could be due to both the different prov-
enance of the plant material and to the different extraction 
solvent used. Notably, a high content of gallotannins, ellagic 
acid derivatives and flavanols were identified which have been 
associated with different biological proprieties, including 
cytostatic and antimicrobial activities (74‑76). 

Based on the chemical analysis, the cytostatic and cytotoxic 
effects of walnut septum extract on the human A172 glioblas-
toma cell line was investigated. The treatment of A172 cells 
with walnut septum extract resulted in a significant reduction 
of their viability, in a dose‑dependent manner. Notably, only 
the highest dose of the extract was able to reduce the viability 
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Table III. Prediction of Activity Spectra for Substances analysis for walnut septum extract.

		  Probable	 Probable	 Predicted
Peak no.	 Compound	 activity	 inactivity	 biological activity

1	 Gallic acid	 0.828	 0.005	 Anti‑infective
3	 Pedunculagin
	 (bis HHDP‑hexose)	 0.918	 0.005	 Antineoplastic
		  0.860	 0.005	 Apoptosis agonist
		  0.817	 0.006	 Cytostatic
		  0.898	 0.005	 TP53 expression enhancer
4	 Protocatechuic acid	 0.776	 0.005	 Anti‑infective
		  0.834	 0.003	 Antimutagenic
		  0.906	 0.003	 Antiseptic
8	 Epigallocatechin	 0.815	 0.005	 Anticarcinogenic
		  0.953	 0.001	 Antimutagenic
		  0.742	 0.019	 Antineoplastic
		  0.712	 0.005	 Antiviral (Influenza)
		  0.759	 0.010	 Apoptosis agonist
		  0.710	 0.005	 Proliferative diseases treatment
		  0.963	 0.003	 TP53 expression enhancer
9	 Vanillic acid	 0.708	 0.007	 Anti‑infective
		  0.834	 0.003	 Antimutagenic
		  0.898	 0.003	 Antiseptic
		  0.713	 0.024	 TP53 expression enhancer
10	 P‑coumaric acid	 0.887	 0.003	 Anticarcinogenic
	 hexoside	 0.875	 0.004	 Anti‑infective
		  0.759	 0.017	 Antineoplastic
		  0.751	 0.004	 Antiviral (Influenza)
		  0.813	 0.005	 Caspase 3 stimulant
		  0.744	 0.005	 Cell adhesion molecule inhibitor
		  0.955	 0.002	 G‑protein‑coupled receptor kinase inhibitor
		  0.811	 0.003	 Proliferative diseases treatment
		  0.828	 0.009	 TP53 expression enhancer
11	 Catechin	 0.795	 0.005	 Anticarcinogenic
		  0.959	 0.003	 TP53 expression enhancer
13	 Epicatechin	 0.795	 0.005	 Anticarcinogenic
		  0.959	 0.003	 TP53 expression enhancer
17	 Epigallocatechingallate	 0.841	 0.004	 Anticarcinogenic
		  0.926	 0.002	 Antimutagenic
		  0.771	 0.003	 Antiviral (Influenza)
		  0.741	 0.012	 Apoptosis agonist
		  0.937	 0.004	 TP53 expression enhancer
23	 Quercetin 3‑O‑glucoside	 0.965	 0.001	 Anticarcinogenic
		  0.714	 0.009	 Antifungal
		  0.726	 0.006	 Anti‑infective
		  0.763	 0.004	 Antimutagenic
		  0.833	 0.008	 Antineoplastic
		  0.715	 0.005	 Antiviral (Influenza)
		  0.792	 0.009	 Apoptosis agonist
		  0.801	 0.005	 Caspase 3 stimulant
		  0.825	 0.006	 Cytostatic
		  0.921	 0.002	 Proliferative diseases treatment
		  0.959	 0.003	 TP53 expression enhancer

https://www.spandidos-publications.com/10.3892/ijo.2020.5130
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of non‑cancerous cells. On the other hand, the viability of A172 
cells was affected at the intermedia dose (35 µg/ml). However, 
since this dose showed a modest effect, 70 µg/ml was chosen 
for all the experiments. Furthermore, the cytostatic activity 
was further evaluated using proliferation and migration assays, 
and the results demonstrated a reduced ability of treated cells 
to proliferate and migrate compared with that in the control 
group. The results of the present study are supported by data 
reporting the cytostatic activity of walnut extracts against 
different cancer cell lines. For example, the antiproliferative 
effect of walnut seed, green husk and leaf methanolic extracts 
on two human renal (A‑498 and 769‑P) and one colon (Caco2) 
cancer cell line has been reported (77). However, a concen-
tration of 500 µg/ml of walnut methanolic extracts was used 
to treat human renal and colon cells, which is much higher 
compared with that used in in the present study. This could 
suggest either a higher sensitivity of the human A172 glioblas-
toma cells compared with that in the human renal and colon 
cell lines to the extract action, or to a greater activity of walnut 
septum extract compared to the extracts from other parts of 
the walnut. 

The ability of the walnut septum extract to decrease A172 
cell proliferation and migration led to the hypothesis that it 
could exert a pro‑apoptotic action or act against proteases and 
proteins that favor cell invasion and migration. This has been 
supported from preliminary animal studies, which found that 
walnut extracts were effective in reducing the concentration 
of matrix metalloproteinases at the mRNA and protein level, 
that are well‑known to be involved in tumor invasion (78‑80). 
In the same manner, several studies have demonstrated the 
pro‑apoptotic action of walnut septum polyphenols for 
example, in human breast cancer cell lines implanted in 
nude mice, and in mammary gland, prostate, colon, and renal 
cancers tumors in transgenic mouse models  (62,81). The 
results in the present study revealed that human glioblastoma 
cells underwent apoptosis, induced by the treatment with 
natural walnut septum extract. It is well‑known that caspase‑3 
mediates programmed cell death, as it catalyzes the cleavage 

of numerous key cellular target proteins, such as the DNA 
repair enzyme poly  (ADP‑ribose) polymerase, the retino-
blastoma protein and the DNA‑dependent protein kinase 
catalytic subunit (82,83). Phytochemical analysis of walnut 
septum extract revealed the presence of the two flavonoids, 
epigallocathecin and epigallocathecingallate, both have been 
found to exhibit antitumor activity in in vivo and in vitro 
models of human breast cancer (84). Notably, it has also been 
reported that epigallocathecingallate induced apoptosis of 
human T98G and U87MG glioblastoma cell lines, but not 
in human normal astrocytes, by activating the pro‑apoptotic 
caspase 3 protein  (85). In the present study, a significant 
increase in caspase‑3 activity was found, following treatment 
of A172 cells with 70 µg/ml walnut septum extract, which 
primarily occurred after 48 h. These findings were consis-
tent with the results obtained by flow cytometry analyses, 
in which there was a significant reduction in the number 
of healthy cells, followed by a significant increase in the 
number of apoptotic cells, in A172 treated cells, compared 
with that in the control group, particularly after 48 h incuba-
tion. In particular, following treatment for 48 h, there was an 
increase in the number of late apoptotic cells, compared with 
that at 24 h, indicating that a prolonged treatment period with 
walnut extract induces an irreversible apoptotic death of glio-
blastoma cells. The increase in the number of glioblastoma 
apoptotic cells confirmed the cytotoxic activity of the walnut 
septum extract against one of the most malignant tumors, 
for which therapy remains ineffective. Deficiencies in the 
immune system of patients undergoing chemotherapy deter-
mine the reactivation and invasion of latent microorganisms, 
with an increased risk for patients with cancer of opportu-
nistic infections (25). Microbiological studies demonstrated 
the ability of different plant extracts to prevent bacterial and 
fungal growth (1,86‑90). For example, in our previous study, 
the ability of the pellicle extract to inhibit the growth and 
biofilm formation of 7 coagulase‑negative staphylococci 
strains and to eradicate the biofilm, previously formed by 
bacteria, was demonstrated  (4). The antibacterial activity 

Table III. Continued.

		  Probable	 Probable	 Predicted
Peak no.	 Compound	 activity	 inactivity	 biological activity

26	 Quercetin 3‑O‑rhamnoside	 0.943	 0.002	 Anticarcinogenic
	 (quercitrin)	 0.740	 0.008	 Antifungal
		  0.748	 0.005	 Antimutagenic
		  0.854	 0.007	 Antineoplastic
		  0.814	 0.007	 Apoptosis agonist
		  0.803	 0.005	 Caspase 3 stimulant
		  0.751	 0.008	 Cytostatic
		  0.890	 0.002	 Proliferative diseases treatment
		  0.928	 0.004	 TP53 expression enhancer
30	 Tellimagrandin I	 0.706	 0.007	 Anti‑infective
	 (digalloyl‑HHDP‑hexose)	 0.790	 0.012	 TP53 expression enhancer

Only activities with probable activity >0.700 and PubChem available compounds are shown. HHDP, hexahydroxydiphenol.
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of walnut septum extract against several Gram‑positive and 
Gram‑negative bacterial strains was also investigated. The 
selection of the strains was based on their clinical relevance, 
being responsible for the most common nosocomial infec-
tions and presenting a different spectrum of antibiotic 
susceptibility (Table II). 

Notably, Gram‑positive bacteria was found to be more 
sensitive to the action of walnut septum extract compared 
with that in Gram‑negative bacterial strains, as indicated by 
the lower MIC values, which could be due to a different cell 
wall composition and structure of the two types of micro-
organisms (91). The Gram‑positive cell wall is composed 
of peptidoglycan, teichoic and lipoteichoic acids, while 
in Gram‑negative bacteria it is constituted of a thin layer 
of peptidoglycan, enveloped by an external membrane 
containing lipopolysaccharides and lipoproteins (92). This 
further layer reduces membrane permeability, providing 
selective movement of molecules, and is known to be respon-
sible for the antibiotic therapy failure in Gram‑negative 
bacteria‑related infections (92‑95). This could explain the 
efficacy of the natural extract in reducing the Gram‑positive 
bacteria growth already at low concentrations (from 8.59 to 
34.37 µg/ml). 

However, according to the study by Saraiva et al  (96), 
walnut septum extract was found to be an active antimicro-
bial agent for S. aureus and P. aeruginosa, as the MIC values 
ranged from 100 to 500 µg/ml. 

The biological properties found in the walnut septum 
extract could be due to the presence of specific active 
compounds, in which PASS analysis (Table  III) predicted 
cytostatic, cytotoxic and antimicrobial effects. Furthermore, 
some molecules, such as p‑coumaric acid hexoside  (p.n. 
10)  (97), quercetin 3‑O‑glucoside (p.n. 23)  (98), quercetin 
3‑O‑rhamnoside  (quercitrin)  (p.n. 26)  (99) were predicted 
pro‑apoptotic agents by stimulating caspase‑3 expression. The 
compounds [pedunculagin (bis HHDP‑hexose) (p.n. 3) (62), 
epigallocatechin (p.n. 8), epigallocatechingallate (p.n. 17) (85), 
quercetin 3‑O‑rhamnoside (quercitrin) (p.n. 26) (100)] were 
predicted to promote apoptotic death. Therefore, the results 
highlight a dual role of walnut septum extract, supporting a 
possible use as a co‑adjuvant in glioblastoma treatment, as it 
is able to counteract both tumor cell proliferation and bacte-
rial growth. These results will pave the way for additional 
functional and molecular studies to elucidate the molecular 
mechanisms responsible for the anti‑proliferative effects 
mediated by walnut septum extracts. The development of 
novel molecular and proteomic high‑throughput technologies 
has enabled the detection of small changes in the expression 
levels of cancer hallmarks, including DNA, microRNAs, 
proteins, small molecules (such as cell lipids, metabolites, 
organic compounds), circulating tumor cells, and extracellular 
vesicles (11,101,102). Therefore, the administration of nutra-
ceutical compounds coupled with highly sensitive diagnostic 
and prognostic techniques represents a promising strategy 
for the management of patients with glioblastoma. Further 
validation of the data in the present study will be performed 
in additional different tumor cell lines, including tumor organ-
oids, as well as in a clinical setting. 

In conclusion, phytochemical analysis of walnut septum 
extract revealed a high content of active compounds, such 

as gallotannins, ellagic acid derivatives and flavanols. 
Subsequently, the ability of walnut septum extract to reduce 
cell viability, proliferation and migration in human A172 
glioblastoma cell line was found; however, the extract did 
not affect the viability of the primary human HFF‑1 foreskin 
fibroblast‑1 cell line. Furthermore, caspase‑3 activity showed 
a significant increase following incubation for 48 h. The anti-
microbial analysis of walnut septum extract highlighted the 
ability of the extract to counteract bacterial growth, particu-
larly in Gram‑positive bacteria. The dual function shown by 
the walnut septum extract could be due to the presence of a 
cocktail of biologically active compounds that can alter cell 
physiology, producing cytostatic, cytotoxic and antibacterial 
effects, as identified using PASS analysis. The promising 
results could provide a novel prospective on the possible and 
future applications of walnut septum extract as co‑adjuvant 
treatment in cancer therapy.
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