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Abstract. Galium sinaicum is a wild medicinal plant in saint Catherine, Egypt. To dis-
tinguish apoptotic effect of G. sinaicum ethanol extract (GsEE). The role of GsEE in
inducing programmed cell death (PCD) of Allium cepa root meristematic cell(AcR)
was examined. Cells was subjected to GsEE in definite concentrations (0.1,0.3, 0.5%)
and duration (6, 12h), then PCD induction was assessed. Application of GsEE arrested
the mitotic division of AcR with metaphase accumulation. Electron microscopy analy-
sis demonstrated ultrastructural alterations of organelles verifying PCD hallmarks. Pro-
tein electrophoresis analysis of AcR revealed a change in protein profile of Allium cepa
root, also quantitative analysis showed significant increase in nuclease activity enzymes
that stimulated DNA laddering fragmentation. Additionally, cell proliferation of MCF-
7 and BHK21 was arrested by GsEE. Apoptotic effect of G. sinaicum may be attributed
to the presence of potent phenolic compounds such as querectin and rutin as estab-
lished by HPLC phenolic fingerprint analysis.

Keywords: Galium sinaicum, programmed cell death (PDC) hallmarks, Allium cepa,
MCF-7, BHK21, HPLC.

INTRODUCTION

When conventional medicine reaches an edge of success, patients search
for alternatives. Traditional phyto-medicine gains more and more considera-
tion, especially with respect to alternative treatment of cancer. An intensive
survey of plants especially which have an appropriate history of cancer treat-
ment in folklore began in the later 1950s mainly since the National Cancer
Institute (NCI) adopted random selection screening program, as novel com-
pounds may be found anywhere from plant kingdom.

About 60% of currently used anticancer agents are derived from natural
sources (Newman et al. 2002; Cragg et al. 2005). Therefore, many research-
ers investigate extensively the mechanism of interaction between phyto-
chemicals and cancer cells (Kaufman et al. 1999; Amirghofran et al. 2006a).
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Phytochemicals may modulate cell signalling pathways
thereby inhibiting cancer development or progression
and induce apoptosis in malignant cells (Stevenson and
Hurst 2007).

Apoptosis is a programmed cell death and a highly
organized physiological mechanism to destroy injured or
abnormal cells. Apoptotic cells manifest morphological
features and characteristic molecular expression. Pro-
voking apoptosis in cancer cell is recognized as an effi-
cient strategy for cancer therapy. Apoptosis also seems
to be a dependable marker for the evaluation of potential
agents for cancer inhibition (Taraphdar et al. 2001).

In past decades, research on traditionally tumour
inhibitory medicinal plants have yielded an impressive
array of novel healing plants via authorizing their apop-
tosis mechanism (Taraphdar et al. 2001).Epidemiologi-
cal studies suggest that consumption of diets containing
fruits and vegetables, which are major sources of phy-
tochemicals and micronutrients, may reduce the risk of
developing cancer (Reddy et al. 1997). Developed studies
with such plants with respect to their abilities to induce
apoptosis and figure out their mechanism of action may
provide a good aim of work and valuable information
for their possible application in cancer therapy or pre-
vention.

Thus, considering the importance of screening apop-
totic inducers from plants, Galium sinaicum was elected
to be screened for its apoptotic enhancement activ-
ity. Galium sinaicum (Delile ex Decne) Boiss. is a wild
herbal plant habituated in Saint Catherine protectorate,
South Saini, Egypt. G. sinaicum belongs to Rubiaceae
characterized by presence of anthraquinones and lign-
ens in root, and flavonoids in aerial part (El-Gamal et al.
1999) like other Galium sp.for instance G. Verum and G.
Mollugo and G. spurium , G. aparine G. odoratum (Yang
et al. 2011, Vlase et al. 2014, Bradic et al. 2018) In folk
medicine Galium species are used to coagulate milk,
also as diuretics, choleretics, against diarrhea and in the
treatment of some stomach complaints, gout, epilepsy
and as anticancer remedy in Europe, Africa and Austral-
ia (Guvenalp et al. 2006a; Giivenalp et al. 2006b; Gird et
al. 2015). Additionally, in Pakistan, G. aparine is used as
herbal cure for cancer disease (Tariq et al. (2017).

No data have been previously stated on G. sinaicum
regarding its phenolic content and its potential as anti-
proliferative and apoptotic inducing agent. Thus, phy-
tochemical components and potential antiproliferative
activity on breast cancer (MCF-7) and normal kidney
cell of baby hamster (BHK21) cell line as well as meris-
tematic cell of root of Allium cepa L. of G. sinaicum were
investigated.
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MATERIALS AND METHODS

Herbal material: Aerial part of Galium sinaicum
(Delile ex Decne) Boiss. was collected in Spring from
Wadi Gemal - Saint Katherine protectorate, South Saini-
Egypt. It was identified and authenticated by Saint Kath-
erine Protectorate members. Arial parts of Galium sinai-
cum were collected, packed in paper bags and coded in
the field. The aerial parts of the plant materials were air-
dried at room temperature and grinded to coarse powder.

Tested models

Cell lines: Breast adenocarcinoma cell line (MCF-
7 (ATCC® HTB22™)) and normal baby hamster kidney
fibroblasts cell line (BHK 21[{C-13] (ATCC® CCL10™))
were used in this study. Cell lines were obtained from
the American Type Culture Collection (ATCC, Min-
nesota, U.S.A.). The cell lines were maintained at the
National Cancer Institute, Cairo, Egypt, by serial sub-
culturing.

Onions bulbs: Root tips of Allium cepa L. (2n =
16, variety Giza 20) (AcR) were obtained from Desert
Research Center, Cairo, Egypt.

Preparation of extract

A weight of 200gm of powdered plant was extract-
ed by maceration technique in ethanol: water (8:2)
(200mlx4). Extract was filtered, concentrated under
reduced pressure using rotary evaporator (Buchi, R200,
Switzerland) at 40°C. The dry extract (GsEE) stored at
4°C for further investigation (Harborne 1973).

Measurement of programmed cell death (PCD)

As stated before, PCD involves cell with changes
only after the point of no return. There are several tech-
niques to obtain information about cell death and induc-
tion of PCD such as measurement of mitotic indices,
morphological changes, and DNA profile etc.

Evaluation of antiproliferation activity

Sulphorhodamine-B (SRB) assay was performed to
assess anti-proliferative potency of GsEE as reported by
Vichai and Kirtikara (2006). MCF-7 and BHK21 cells
were planted in 96-well microtiter plates at initial con-
centration of 3x10° cell/well in a 150yl RPMI 1640 and
left for 24h to attach to the plates. GSEE were prepared
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from the stock solutions by serial dilution (0, 12.5, 25, 50
& 100 pg/ml) in DMSO to give a volume of 100ul in each
well. The assay for both cell lines was completed in trip-
licates and the culture plates were kept at 37°C with 5%
CO2 for 48h. After 48h of incubation, the cells were fixed
with 50ul 10% cold trichloroacetic acid for 1h at 4°C. The
plates were washed with distilled water using automatic
washer (Tecan, Germany) and stained with 50ul 0.4%
SRB dissolved in 1% acetic acid for 30 minutes at room
temperature. Subsequently, the plates were washed with
1% acetic acid and air-dried. The dye was solubilized
with 100ul/well of 10M tris base (pH 10.5). Absorbance
value was measured spectrophotometrically at 570nm
with a microplate reader (Sunrise Tecan reader, Germa-
ny). Cell survival was measured as the percentage absorb-
ance compared to the control (non-treated cell). The IC;,
values were calculated by GraphPad Prism 5 software
(GraphPad Software Inc., San Diego, CA).

Mitotic analysis using A. cepa root

Five A. cepa bulbs were used for each concentra-
tion. A. cepa bulbs were germinated in distilled water at
room temperature. When the roots reached 3-4cm, they
were treated with 0.1, 0.3 and 0. 5% of GsEE for 6 and
12h, then the roots were fixed in Carnoy’s fixative (ethyl
alcohol: glacial acetic acid 3:1 (v/v)). For the untreated
group, A. cepa bulbs were germinated in distilled water.
The roots were taken out of Carnoy’s fixative after 24h,
hydrolyzed with 1N HCI at 60°C for 5 min, washed with
distilled water and stained using Schiff’s stain for 1h in
the dark. Preparations were carried out using Feulgen’s
squash technique. Slides were examined at 400x mag-
nification. The number of cells in the mitotic division
was scored and the mitotic index (MI) was calculated
according to Fiskesjo (1997). Mitotic phase indices were
also determined. The cytological abnormalities were
scored in the mitotic cells. The most common abnormal-
ities were photographed. Statistical analysis was carried
out using GraphPad (Version 4.0; San Diego, USA, www.
graphpad.com) with five replicates for each group. The
significance was analysed using Tukey’s and Dunnett’s
tests (significance was accepted at p < 0.05 and p < 0.01).
Data were expressed as meant standard deviation (SD).

Electron microscopy investigation

Transmission electron microscopy is the method of
choice when making detailed examination of the struc-
tural changes within cells. Ultrastructural changes such
as chromatin condensation and appearance of vacu-

oles containing remnants of cell organelles. AcR tips
(not more than Imm) of control and treated groups
were fixed in 2% glutaraldehyde in 0.05 mol/l sodium
cacodylate buffer (pH 6.9) for 2h at 4°C. The tissue was
rinsed in sodium cacodylate buffer and postfixed in 4%
osmium tetraoxide for 1 hour at 4°C. The tissue was
rinsed in sodium cacodylate buffer and dehydrated in
graded ethanol water series. Following passage through
a graded propylene oxide/ethanol series, the root tips
were gradually infiltrated with resin by placing them
for 24h in each of series of resin/propylene oxide mix-
tures, followed by three changes in 100% Epon 812. Then
materials were embedded in freshly prepared resin mix-
ture and polymerized in oven at 60°C for 48 h (Gliniska
and Gabara 2000). Sections (1pum) were cut with Reichert
Ultra-microtome, mounted on copper grids and stained
with 0.5% uranyl acetate for 30 min and lead citrate for
30min as described by Reynolds (1963). Observations
were carried out using JEOL TEM 1010 transmission
electron microscope at 80 kV, Electron Microscope Unit,
Center for Mycology and The Regional Biotechnology,
Al Azhar University, Cairo, Egypt.

Measurement of the endonuclease activity

Nuclease activity was determined by the release
of acid soluble nucleotides from single-stranded (ss)
or double strand (ds) calf thymus DNA, following the
method of Blank and McKeon (1989). A weight of 3 g
of AcR samples was ground in liquid nitrogen with a
mortar and pestle. Ice-cold buffer (0.05 M Tris-HCI, pH
7.5/0.15M NaCl/1 mM N-ethylmaleimide; 10 ml/g of
leaf) was added and the suspensions were homogenized
in an ice bath for Imin. Aliquots of homogenates were
centrifuged for 10min at 6000 rpm in an Eppendorf
microcentrifuge at 6°C. The supernatant solutions were
frozen and stored at -70°C. Double-stranded calf thymus
DNA (Sigma) was dissolved (Img/ml) in sterile distilled
water, boiled for 10min and placed on ice immediately.
Assay mixtures containing DNA calf thymus, reaction
buffer (0.2M NaCl, 0.002M ZnCl,, 0.06M CH;COONa,
pH (4.6)) and 0.1ml cytosolic homogenate were incubat-
ed for 10 in at 37°C. the reactions were stopped by the
addition of 2ml of 15% perchloric acid on ice for 10min,
then centrifuged for 15min at 2000rpm. The absorbency
was recorded at 260nm. Native calf thymus DNA solu-
tion without sample homogenate was used as blank

units /ml = (A, - Ap) xdilution x 1242) / 10

One unit is the amount of enzyme liberating 1ug
(0.033 A260) of acid-soluble nucleotides from heat-dena-



24

tured DNA per minute at 37°C and at pH 4.6. Where
1242 is a factor derived by dividing the reaction volume,
by the A, of 1ug, which is 0.033, and dividing by 0.1ml
(volume of enzyme sample used).

Detection of DNA fragmentation

To examine DNA fragmentation as a marker of pro-
grammed cell death, DNA was extracted by CTAB rea-
gent from AcR cells treated with GsEE and untreated
cells by the method of Doyle and Doyle (1987). AcR cells
(0.5 g) were frozen in liquid nitrogen and ground into
a fine powder. Each sample was incubated for 60min
at 65°C in 9ml pre-warmed CTAB extraction buffer,
then mixed with an equal volume of chloroform-isoa-
myl alcohol (24:1). After gently shaking for 5 min, the
mixture was centrifuged for 15min at 10000 rpm. The
chloroform-isoamyl alcohol extraction was repeated
when necessary. DNA was recovered by centrifugation
for 10min at 10000 rpm, followed by washing with 70%
ethanol, and dissolved in 1ml TE buffer. To detect DNA
fragmentation, samples were run on a 1% (wt/vol) aga-
rose gel and stained with 0.5ug of ethidium bromide per
ml (Tada et al. 2001). The bands were visualized under
UV transilluminator then were photographed for further
analysis using Gene Tools syngene ver. 4.00(a) gel docu-
mentation system software.

Protein electrophoresis of A. cepa root

Distribution of protein pattern was detected using
continuous polyacrylamide gel electrophoresis (SDS-
PAGE) using Hoefer (SE 245) dual vertical mini-gel. A
weight of 1g of each treatment was extracted with 1 ml
of extraction buffer contained 1.21 g tris HCI, 1ml 10%
SDS, 0.5ml B-mercaptoethanol and 5 g sucrose com-
pleted to 50 ml distilled water (pH 8.0). Protein pellets
were precipitated by cooling centrifuge at 4000 rpm for
15 min., pellets were dissolved with 0.5ul sample buffer
contained 1.2ml tris HCI, 2ml 10% SDS, 1 ml glycerol,
0.5ml 0.4% bromophenol, 0.5 ml B-mercaptoethanol,
4.8ml distilled water. The homogenate was boiled in
water bath for 90 seconds, loaded on gel. Bio Rad low
molecular weight protein marker (97 to 14.4 KDa, Cat-
log number 1610304) was loaded on gel as protein stand-
ard. The gel was forced to run at 70 volts, 40mA. Finally,
gel was stained with Coomassie Brilliant Blue G-250
stain and destained according to Laemmli (1970). Gel
was photographed and scanned for further documenta-
tion system using Gel Pro Analyzer version 3.1 for win-
dows95-NT (Media Cybernetics 1993-1997).
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High performance liquid chromatography (HPLC)finger-
print

The instrumentation used for HPLC analysis con-
sisted of Agilent 1260 series. Chromatographic column
was used: Eclipse Plus C18 column (4.6 mm x 250 mm
i.d., 5 um). Mobile phase flow rate was set by 1.0 ml min-
I; sample volume was 10 pl. The mobile phase consisted
of water (A) and 0.02% tri-floro-acetic acid in acetonitrile
(B). The mobile phase was programmed consecutively in
a linear gradient as follows: 0 min (80% A); 0-5min (80%
A); 5-8min (40% A); 8-12min (50% A); 12-14min (80%
A) and 14-16min (80% A). monitoring the UV spectrum
of the peaks was done by ultraviolet detector at 280nm.
Phenolic compounds were identified by comparing their
relative retention times with those of the standards mix-
ture chromatogram. The concentration of an individual
compound was calculated based on peak area measure-
ments, then converted to mg phenolic g' dry weight. All
chemicals and solvents used were HPLC spectral grade.

RESULTS
Extraction yield

About 200g of dry powder of aerial parts of G. sinai-
cum was macerated by 80% ethanol. The percentage
yield of the crude extract used for the assays was 13g%.

Effect of GSEE on the viability of MCF-7 and BHK21

Cell viability percentage was assessed by SRB assay
after 48h. of incubation. GsEE decreased cell viability in
a concentration-dependent manner in both MCF-7 and
BHK21 as compared to untreated controls (Fig. 1). ICs,
value of GSEE was 35pg/ml and 39.5pug/ml against MCF-
7 and BHK21, respectively (Table 1)

1C=35wgim 1Co =395 ugfmi
1.04 1.08
g £
£ £
E3 Iy
:% as] ; s
2 3
- MOF7-D - B-K-D
0 100 0 1&
5 Conc. ug/ml Cone. ug/mi

(a) (b)

Figure 1. Antiproliferative effect of GSEE (0-100 pg/ml) using SRB
method on (a) and MCF-7 (b) BHK21 cell lines.
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Table 1. IC;, of antiproliferative activity of GSEE (n=3).

AntiproAntiproliferative activity on MCF-7, ICs, (ug/ml of

35
extract)

AntiproAntiproliferative activity on BHK21, ICs, (ug/ml of

39.5
extract)

Mitotic analysis using A. cepa root

A remarkable decrease in the mitotic indices of AcR
cells was clearly found after the application of GsEE.
This remarkable decrease was dose and time dependent
(Table 2). Treatment with GsEE has stopped the pro-
gress through mitosis of many cells and they began to
accumulate in mitosis. Concentration of 0.5% of GsEE
exerted the most potent effect on the mitotic index; it
decreased the mitotic index to the minimum proportion
(0.92) after 6 h exposure, while the maximum propor-
tion of mitotic index (2.08) was achieved after exposure
to 0.1% of GsEE for 6h. Concentration 0.5% of GsEE
caused the complete arrest of the mitotic process after
12h of treatment. The statistical analysis of the data
revealed that all doses of GSEE induced a highly signifi-
cant reduction in mitotic index of AcR cells as compared
with their control (Table 2).

The obvious accumulation in metaphase stage was
noted after treatment with all concentrations of GsEE,
this accumulation was on the expense of prophase and
anaphase stages (Table 2). As well, treatment of AcR cells
with GsEE resulted in a high increase in the total per-
centage of abnormalities exceeded its counterpart con-
trol, this increase was concentration and time depend-

ent (Table 2). The spindle apparatus was the target of
the treatment as can be demonstrated by the induction
of spindle disturbance as a common type of aberrations.
Spindle disturbance included several forms of spindle
disturbance like disturbed metaphase, disturbed ana-
phase and diagonal configuration. Stickiness was also
detected during the study (Fig. 2).

Electron microscopy

Induction of PCD in AcR treated with GsEE was fol-
lowed up by transmission electron microscope. Root tip
cells of control possessed a large-rounded nucleus with
intact nuclear membrane, dense cytoplasm and well-
organized organelles (Fig. 3a). The electron micrographs
after treatment with GsEE showed changes in sub-cel-
lular organelles and induction of some PCD hallmarks.
Fig. 3b revealed the early stage of PCD as confirmed by
the formation of dilated endoplasmic reticulum, inten-
sification in the vacuolar system and presence of orga-
nelles with intact membrane inside the vacuole. The
next stage of PCD was illustrated by the most striking
aspects of PCD where obvious disintegration of nucle-
ar membrane and formation of clotting chromatin was
observed (Figs. 3¢, d). The result of prolonged immer-
sion of AcR in the highest concentration (0.5%) of GSEE
showed the final stage of PCD in which the vacuolar
system extremely expanded, the shrinkage nucleus and
undifferentiated organelles with intact membranes were
observed only around the periphery of the cell (Fig 3e).

Table 2. Mitotic and phase indices and percentage of mitotic abnormalities of AcR cells treated with GsEE.

Treatment Mitotic index + SD  Mitotic abnormalities Prophase Metaphase Ana-telophase
Control

6 hrs 3.26+0.70 5.32+0.15 32.45+0.31 34.30+0.19 33.25+0.15
12 hrs 3.83+0.23 5.89+0.39 32.10+0.57 35.66+0.66 32.24+0.70
0.1%

6 hrs 2.08"+0.19 15.337+0.07 24.62"+0.82 48.317425 27.07°+0.38
12 hrs 1.937+0.08 23.047+0.96 20.327+0.41 51.117+0.10 28.57°+0.70
0.3%

6 hrs 1.567+0.73 25.987+0.67 27.25'+0.13 50.917+0.09 21.847+0.23
12 hrs 0.937+0.24 29.127+0.53 23.03'+0.68 59.437+0.70 17.547+0.70
0.5%

6 hrs 0.927+0.36 34.577+0.21 23.96"+0.74 59.987+0.37 16.067+0.49
12 hrs 0.00+0.00 00.00£0.00 00.00+0.00 00.00+0.00 00.00£0.00

*Statistically significant at P<0.05
**Statistically significant at P<0.01
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Figure 2. The most common types of mitotic abnormalities induced in AcR after treatment with different doses of GsEE. a: Disturbed
metaphase; b-c: C-metaphase; d: Sticky diagonal metaphase; e: sticky metaphase; f: Sticky metaphase &anaphase; g: Disturbed anaphase; h-j:
disturbed diagonal anaphase; k: sticky disturbed anaphase; I: Severe sticky anaphase.

DNA fragmentation

The induction of internucleosomal DNA cleavage
in AcR cells was analyzed by agarose gel electrophore-
sis. GSEE successfully cleaved the genomic DNA of AcR
cells and gave a genome-specific fingerprint of DNA
fragments (Fig. 4). Agarose gel electrophoresis showed
the presence of the ladder pattern of degraded DNA.
GsEE produced multiple-bands profiles. Therefore, Fig.

4 verified that the induction of ladder pattern was dose
dependent.

Endonuclease activity

Nuclease activity assay was carried out using nucle-
ase extracts from AcR cells treated with GsEE for 6 and
12h. A dose and time dependent increase in nuclease
activity was found. Table 3 revealed that the nuclease
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Figure 3. Electron micrographs of control and treated AcR with GsEE. (a): Electron micrograph of control A. cepa root tip showing large
nucleus (N), nucleolus (Nu), cell wall (CW), mitochondrion (M) and free ribosomes (R); (b): Formation of dilated endoplasmic reticulum
(arrow) and the presence of organelle inside the vacuole (arrowhead); (c): Disintegration of nuclear envelope (line); (d): Formation of clot-
ting chromatin (CC); (e): Final stage of cell death with the unusual shrinkage of the cell contents, expanding of vacuolar system (V) and the

cytoplasm was observed only around the periphery of the cell.
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Figure 4. Induction of DNA fragmentation in AcR cells after treat-
ment with different doses of GSEE. C: control; 1:AcR treated with
0.1% GsEE for 6h; 2: AcR treated with 0.1% GsEE for 12h; 3: AcR
treated with 0.3% GsEE for 6h; 4: AcR treated with 0.3% GsEE for
12h; 5: AcR treated with 0.5% GsEE for 6h; 6: AcR treated with
0.5% GsEE for 12h.

Table 3. Nuclease enzyme activity (units g fresh weight) in AcR
cells during the induction of programmed cell death by GsEE.

Time/ —  oontrol 0.1% 0.3% 0.5%
Concentration

6h 1.7240.18  4.15'+0.27 7.297+1.16 10.237+0.11
12h 1.75+£0.09 5.137+0.14 11.617+0.31 16.837+0.23

*Statistically significant at P<0.05
**Statistically significant at P<0.01

activity increment was highly significant as compared
with their corresponding control and their results were
treatment dependent. The nuclease activity increased
more than four folds of the control reaching 4.15 units
g! fresh weight after 6h exposure to 0.1% of GsEE while
12h exposure to 0.5% has increased the nuclease activ-
ity more than sixteen folds reaching 16.83 units g fresh
weights.

Protein electrophoresis of A. cepa root
The alteration in the protein banding profile of AcR

treated with GsEE was recorded in Table 4 and Fig. 5.
The total number of bands ranged from 7 to 9 bands.
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Figure 5. Protein banding pattern of AcR cells after treatment with
GsEE. M: marker; 1: control; 2:AcR treated with 0.1% GsEE for 6h;
3: AcR treated with 0.1% GsEE for 12h; 4: AcR treated with 0.3%
GsEE for 6h; 5: AcR treated with 0.3% GsEE for 12h; 6: AcR treated
with 0.5% GsEE for 6h; 7: AcR treated with 0.5% GsEE for 12h.

Table 4. Effect of GSEE on protein banding pattern of AcR cells.

0 0 0
Band No. MIZII.)\;W. Marker  Control ol% 0% 0%
6h 12h 6h 12h 6h 12h
1 97.40 + - - - - -+ -
2 88.23 + + + - - - -
3 78.64 + - - -
4 66.20 + + + - - -
5 62.80 - - -+ + -+
6 57.61 + + + - - o+ -
7 51.70 - + + + + + o+
8 47.45 - + + -+ - -
9 45.00 + - - -+ + 4+ -
10 40.21 + + + -+ 4+ o+
11 35.51 - + + + + o+ -
12 31.00 + - - - -+ -+
13 29.00 - + + + + o+ o+
14 27.07 + - -+ - -+
15 21.50 + - + + -+ 4+ o+
16 19.72 + + o+ -+ o+
17 18.23 - - -+ + + +
18 14.40 + - - - - - - -
Sum 7 9 10 7 10 9 9

+ present band
- Absent band
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Table 5. High performance liquid chromatography fingerprint of
GsEE.

Peak no. Compound Ret. Tlme Con.
[min] [mg/g]
1 Gallic acid 3.135 7.92
2 Chlorogenic acid 3.502 9.13
3 Catechin 3.785 5.05
4 Caffeine 4.046 0.38
5 Caffeic acid 4.924 1.75
6 Syringic acid 5.360 0.86
7 Rutin 5.650 3.20
8 Coumaric acid 7.667 0.30
9 Vanillin 8.121 0.72
10 Ferulic acid 8.774 0.17
11 Naringenin 9.439 2.65
12 Propyl Gallate 10.414 0.64
13 4".7-DihydroxyisoFlavone 10.519 0.77
14 Quercetin 10.704 341
15 Cinnamic acid 11.291 1.79

The table contains the most abundant identified compounds in
retention time order.

The new bands induced in the treated samples were 11.
Most of these bands were with low molecular weight.
Treatment with GsEE caused the completely disappear-
ance of protein band with molecular weight of 78.64
KDa, while some bands were disappeared in some treat-
ments only (Table 4).

High performance liquid chromatography (HPLC) finger-
print

Qualitative phytochemical analysis of GSEE was
performed by high performance liquid chromatography
to determine the biologically active compounds. A total
of 15 phytochemicals; ten phenolic acids: gallic acid,
chlorogenic acid, catechin, caffeic acid, syringic acid,
coumaric acid, vanillin, ferulic acid, propyl gallate, cin-
namic acid, four flavonoids: rutin, naringenin, 4'.7-dihy-
droxyisoflavone, quercetin, and one alkaloid: caffeine
was identified. Table 5 shows the abundant identified
compounds.

DISCUSSION

Herbal drugs, including plants, herbal complexes,
and herbal products were used thousand years before
era of modern drugs. Herbal plants are used all over
the world in different methods both in allopathic and

traditional systems (Pal and Shukla 2003; Smith-Hall et
al. 2012). Based on ethnopharmacological approaches,
Revival of drugs with herbal origin specially to treat
cancer and immunologic and CNS diseases is highly
considerable.

There are also several studies investigating the anti-
proliferative effects of Galium species on various cancer
types. Amirghofran et al. (2006b) reported that G. mite
extract exhibited cytotoxic effects against human leu-
kemia cells. Moreover, anti-cancer effect of G. verum
aqueous extract was investigated on drug-sensitive and
-resistant laryngeal carcinoma cell lines. G. verum was
found to be cytotoxic against all tested laryngeal car-
cinoma cell lines (Schmidt et al. 2014a). In additional
study by Schmidt et al. (2014b), sublethal doses of G.
verum aqueous extract acted as strong inhibitor on the
motility of human head and neck cancer cell lines also,
the fractional extract of petroleum ether had promis-
ing cytotoxic effects on colon cancer HT29 (Pashapour
et al. 2020). Furthermore, Aslantiirk et al. (2017) proved
that G. aparine ethyl acetate and methanol extracts have
cytotoxic and apoptotic inducing effect on MCF-7 and
Caco-2 cancer cells.

In this study, effect of GSEE on the viability of MCF-
7 and BHK21 was assessed by SRB method. After 48h.
incubation, GSEE arrested cell proliferation of both
MCE-7 at 35pg/ml and BHK21 at 39.5ug/ml in a concen-
tration dependent pattern. The American National Can-
cer Institute (NCI) guidelines set the limit of activity for
crude extracts at 50% inhibition (ICs,) of proliferation
of less than 30ug/ml after exposure time of 72h. (Abdel-
Hameed et al. 2012), moreover, a crude extract with
ICs, less than 20pg/ml is considered highly cytotoxic
(Mahavorasirikul et al. 2010). Regarding this scale, GSEE
showed moderate antiproliferative effect against cancer
and normal cell after 24h of exposure. Accordingly, at
this level of investigation, GsEE is considered as having
an impact on MCF-7 and BHK21 cell viability that can
be explained by different mechanisms rather than caus-
ing cell toxicity.

Cancer developed when unusual cell proliferation
is triggered. Apoptosis is a well-established self-destruct
system which is essential to normal tissue development
and homeostasis (Vaux and Korsmeyer 1999). Apoptosis
and its related signalling pathways antagonize the pro-
gression of tumor growth (Lowe and Lin 2000). Thus,
induction of apoptosis is a highly desirable goal for
launching cancer control strategy (Reed and Pellecchia
2005).

The current work documented the program cell
death process in AcR evoked by 0.1%,0.3% and 0.5% of
GsEE. Depression in mitotic division is the first sign to
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the induction of cell death. Depression in mitotic index
was previously reported by several medicinal plant
extracts (Shalini and Velavan 2017; Karaismailoglu
2017). In present study mitotic indices analysis elucidates
a consecutive decrease in mitotic index as reported by
Rubeena & Thoppil (2018). This decrease may be due to
DNA damage and/or spindle damage. McCollum et al.
(2005) interpreted the decrease in MI after treatment
with arsenic trioxide as result of the G2 phase delay.
Zhou and Elledge (2000) cleared that the cell-cycle con-
trol system can readily detect DNA damage and arrest
the cycle at DNA damage checkpoint. This checkpoint
prevents and /or delays entry into mitosis by inactivat-
ing the Cdc25 protein phosphatase. Inactivated Cdc25
protein phosphatase blocks the dephosphorylation and
activation of M phase cyclin dependent kinases (M-Cdk)
(Hanamata et al. 2020).The pervious explanation indi-
cates that GsEE might delay the progression of cell cycle
at DNA Damage Checkpoint and inhibit most cells to
enter mitosis (M phase). On the other hand, only a few
numbers of cells entered mitosis and accumulated or
arrested at metaphase stage, these cells might be unable
to perform metaphase checkpoint (The Mitotic Check-
point). That may cause stabilizing activity of mitotic
cyclin dependent kinases (M-CdK) all time and prevent-
ing cells to exit from mitosis (Tawab et al. 2014). Drugs
causing alterations in microtubules prevent alignment
of the daughter chromosomes and consequently lead to
stop of mitosis at metaphase and anaphase, which can
be finally followed by apoptosis (Safarzadeh et al. 2014;
Yanik et al. 2017; Huang et al. 2019).

Metaphase accumulation and induction of spin-
dle disturbance as a common feature of mitotic abnor-
malities verified the ability of GSEE to abolish and block
metaphase to anaphase transition. GsEE might disrupt
the equilibrium between polymerization and depolym-
erization of microtubules. This disruption might tar-
get tubulin subunit resulting in failure of cytokinesis
(Murata et al. 2013). Besides, the disassembly of mitotic
spindle induces a strong signal that greatly prolongs
metaphase stage. Therefore, any kinetochore that is not
attached to spindle sends out a negative signal to the
cell-cycle control system, blocking Cdc20-anaphase,
promoting complex (Cdc20-APC) activation, and sister-
chromatid separation. Thus, sister-chromatid separa-
tion cannot occur until the last kinetochore is attached
(Shah and Cleveland 2000). So, the data in the present
study confirm that both entry into and exit from mito-
sis is blocked in treated cells suggesting that GSEE may
interfere with the balance between cyclin condensa-
tion required for entry into mitosis and exit from mito-
sis. Pelayo et al. (2003) declared that plant cells unable
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to perform checkpoint adaptation may instead induce a
program of cell death or may simply fail to proliferate,
remaining inactive in mitosis depending on the stimulus
and features of cell damage.

Ultrastructural analyses illustrate the changes in
cytoplasm organelles in relation to nucleus and provide
a confirmatory approach to study cell death processes.
Adamakis and Eleftheriou (2019) proved the changes in
cell ultrastructure of Pisum sativum during the induc-
tion of PCD by tungsten. Ultrastructural analysis of AcR
treated with 0.1%,0.3% and 0.5% GsEE showed that the
first detectable events occurred in the cytoplasm is the
accumulation of endoplasmic reticulum and its lumen
appears dilated as compared with their control. The same
finding was also seen in the nucleus of Tillandsia by
Brighigna et al. (2006) and proved by Tawab et al. (2014)
who elucidated that Allim cepa cells treated with Punica
granatum lose contact with their neighbours because of
formation of dilated endoplasmic reticulum. This aspect
was previously explained by Madeo et al. (1997) who
affirmed that the formation of dilated endoplasmic retic-
ulum could be ultimately leading to the programmed
cell death in yeast cells. The nucleus displays an irregular
shape (pycnosis), with disintegrated nuclear envelope and
highly condensed chromatin “clotting chromatin”. This
nuclear morphology has been described in other forms
of plant programmed cell death, including aerenchyma
formation in response to hypoxic stress (Gunawarde-
na et al. 2001) and as a response of A. cepa root cells to
Punica granatum polyphenol extract by Tawab et al.
(2014). Furthermore, the formation of clotting chromatin
is a microscopical marker for both apoptotic and nona-
poptotic cell death as previously reported by Schwartz
(1992). The presence of disintegrated nuclear envelope is
resembled to the late stage of animal programmed cell
death as previously proved by Gao et al. (2018). The con-
centration of 0.5% GsEE were able to increase the size
of vacuolar system. Some vacuoles appeared to have cel-
lular debris indicating the presence of autophagic and
autolysis processes (Fuzinatto et al. 2007; Papini et al.
2014). Dominguez et al. (2004) reported that the cyto-
plasm of wheat aleurone cells undergoing PCD showed
rapid vacuolation; they thought that vacuolar collapse
was indicative of a high hydrolytic activity. Vacuolar col-
lapse has been hypothesized to be a common feature to
many forms of plant PCD by Jones (2001) and Tawab et
al. (2014). All the previous controlled changes in nuclear
structure, cytoplasm, as well as the presence of organelle
in complete integrity case in the periphery of the cell are
leading to assumption that GsEE is considered as a pro-
grammed cell death stimulus which is concurring with
Shahid et al. (2017).
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Different concentrations (0.1%,0.3% and 0.5%) of
GsEE altered the electrophoretic pattern of AcR protein.
The present variations in protein patterns of the treated
AcR might be resulted from changes in gene expression,
these changes in gene expression occurs at transcriptional
or transnational level (Hopkins 1999). Variation in either
structural or regulatory genes can induce changes in the
protein profile. Herein, most new protein bands were with
low molecular weight. Farr and Cohen-Fix (1999) sug-
gested that low molecular weight proteins are believed to
be proteolysis enzymes and some of which block the cell
cycle progression. Avila and Devarenne (2013) explained
the critical role of proteolysis enzymes activity dur-
ing the induction of programmed cell death in tomato
cell culture by chemical treatment. Additionally, large
increase in normal proteolytic activity during the senes-
cence of different plants have been documented (Renx-
ian et al, 2013; Karmous et al. 2014). Moreover, the newly
induced protein with molecular mass of 21 KDa almost
in all treated roots might be required for preventing cells
to exit from mitosis because it blocks cell cycle progres-
sion at metaphase by determining the substrate specificity
of cyclosome/anaphase promoting complex, this conclu-
sion was confirmed by Tawab et al. (2004). Additionally,
the presence of protein band with molecular weight of
57.8 might be cyclin dependent kinase inhibitors that have
been formerly found in plants and called putative CKIs
as reported by Jasinski et al. (2002). In addition, proteins
with molecular mass of 18, 29, 31, 35 and 51KDa could be
considered as protein bands for several types of nucleases
enzymes that are responsible for DNA degradation as was
reported by Yupsanis et al. (2004).

DNA fragments is one of the hallmarks for apopto-
sis Matilla 2020, subsequently, Detection of DNA frag-
mentation is currently considered as one of the most
frequently used techniques in the study of programmed
cell death (Hanna et al. 2013; Shi et al. 2020). Different
concentrations (0.1%,0.3% and 0.5%) of GSEE DNA was
degraded into multimers of 180 bp. This active degra-
dation of genomic DNA during plant programmed cell
death has been obtained by several stimuli (Lombardi
et al. 2007; Tawab et al. 2014). Ning et al. (2002) sug-
gested that this pattern of DNA fragmentation may be
a universal marker of nuclear change during plant pro-
grammed cell death. This systematic DNA fragmenta-
tion was associated with significant increase in nucle-
ases activity (Sakamoto and Takami 2014; Matilla 2020).
Langston et al. (2005) who stated that the nucleic acid
catabolism must be catalysed by endonucleases enzymes
which are having task of digesting both single-strand-
ed DNA (ssDNA) and double stranded DNA (dsDNA).
The increase in nuclease activity signifies the represent-

ing of some specific endonucleases with strong activ-
ity accumulated in the treated cells (Ning et al. 2002).
This explanation can be confirmed by the protein elec-
trophoresis result in the present work as the novel pro-
teins with molecular weights of 29 and 51KDa have been
induced in almost all treated AcR suggesting that those
new proteins may be Zn?+-dependent nucleases which
are responsible for DNA fragmentation (Sodmergen et
al. 1991). Other types of nucleases may be existed with
molecular weights of 18 and 31KDa in treated AcR that
might cause DNA fragmentation and then cell death as
stated by Hosseini and Mulligan (2002) who stated that
those nucleases activities were increased in parallel with
the increment of DNA fragmentation and cell death.

Plant phenolics which is a well-known as a natural
antioxidant induced DNA fragmentation in different
human cancer cell lines (HL-60, ML-1, U-937, THP-1)
resulting into apoptosis as reported previously by Tara-
phdar et al. (2001). Moreover, Inone et al. (1994) showed
that tannic acid and caffeic acid induced DNA fragmen-
tation in HL-60 cells. Liu et al. (2013) proved the ability
of chlorogenic acid to cause G0/G1 arrest and form DNA
ladder pattern consequently induce apoptosis in APL
HL60 cell line.

The fragmentation of nuclear DNA into specific seg-
ments by nuclease enzymes, proved by ladder forma-
tion, which confirms a point of no return to the cell to
die. This result was considered the final hallmark of cell
death (Tawab et al. 2014; Matilla 2020).

Flavonoids are naturally occurring molecules that
are abundant in higher plants. There have been reports
of flavonoids inducing apoptosis in cancer cells (Wang
et al. 1999; Park et al. 2008). HPLC fingerprint of GSEE
identified different phenolic and flavonoid compounds
with evidenced apoptotic potential such as gallic acid,
chlorogenic acid, catechin, caffeic acid, rutin, narin-
genin, 4'.7-dihydroxyisoflavone, quercetin (You and Park
2010; Chen et al. 2013; Bao et al. 2016; Zhang et al. 2016).

In conclusion, the current study could ensure the
ability of Galium sinaicum to reprogram the cancer cell
(MCF-7) and normal cells (BHK21 and AcR) to enter
the death program by arresting cell division, that was
clarified by microscopical hallmarks of PCD and finally
forming DNA fragmentation with an increment in the
endonuclease’s enzymes, all the previous features may
be attributed to the presence of phenolic and flavonoid
compounds.
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