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Abstract

especially rutin, myricetin quercetin, and kaempferol.

Background: Plantago lanceolata L. is used in Iraqi folklore medicine to treat injuries, and its extract is prescribed
by some herbalists for cancer patients. This research aimed to evaluate the effect of P. lanceolata leaf extract on
breast cancer cell lines in vitro and to identify its active compounds. Crystal violet viability assay was used to
determine the cytotoxicity of methanolic P. lanceolata leaf extract against various breast cancer cell lines. MCF7,
AMJ13, MDAMB, and CAL51 human breast cancer cells were treated with different concentrations of the extract for
72 h. The morphology of the treated cells was examined under a phase-contrast inverted microscope. The
clonogenic ability was assessed through a clonogenic assay. High-performance liquid chromatography (HPLC)
analysis was performed to measure the concentrations of phenols and flavonoids in the extract.

Results: The methanolic P. lanceolata leaf extract significantly inhibited the proliferation of triple-negative CAL51
cells but showed minor effect on the other breast cancer cells. In addition, at high doses, it induced cytopathic
morphological changes. The clonogenic assay showed low colony formation in the exposed cells, especially CAL51
cells. Furthermore, HPLC study revealed that the methanolic extract contained important flavonoid glycosides,

Conclusions: P. lanceolata leaf extract selectively inhibited the proliferation of CAL51 triple-negative breast cancer
cells and showed minor effect on the other breast cancer cells types studied. Thus, this study showed P. lanceolata
as a possible natural source of selective anti-triple-negative breast cancer drugs.
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Background

Cancer is a complex disease that is difficult to be treated
[1]. Cancer incidence has increased globally, and espe-
cially in Iraq, it has increased owing to several factors
related to environmental pollution associated with
several years of conflicts [2]. Breast malignant tumors
are the second leading cause of mortality among Iraqi
women [3]. However, conventional cancer treatments,
such as chemotherapy, radiation, targeted therapy, and
immunotherapy, have harmful side effects. Therefore,
herbal medicine has been considered a useful alternative
to the currently existing therapies [4]. Herbal medicine
is widely used for treating several types of cancers be-
cause it has fewer side effects than conventional cancer
therapeutics [5].

* Correspondence: ahmed.alshammari@iccmgr.org

Experimental Therapy Department, Iraqi Center for Cancer and Medical
Genetic Research, Mustansiriyah University, Baghdad, Irag

Full list of author information is available at the end of the article

@ Springer Open

In Iraq, ribwort (Plantago lanceolata L.) is used for injury
treatment [6], and its extract is prescribed by some herbalists
to cancer patients. This plant is one of the medicinally im-
portant plants officially registered in the British pharmaco-
peia. Ribwort, also known as narrow leaf plantain, is rich in
phytochemical compounds [7]. Ribwort is originally native to
Europe and temperate areas of Asia, but it has been culti-
vated in all temperate regions of the world [8]. P. lanceolata
leaves are erect, straight, and sheltered with soft minute hairs;
they reach up to approximately 17 in. long and taper at the
base into a slender petiole. The flowers are condensed spikes
on the top of the stalks; the flowers consist of a small corolla,
four sepals, and two stamens [9]. This plant contains major
secondary metabolites including mucilages (6%), tannins
(more than 5%) [10], and phenyl propanoids [11], with ver-
bascoside as a major constituent [12], as well as iridoid glyco-
sides [13], mainly aucubin and cutalpol. It also contains
minor secondary metabolites, such as flavonoids [14], cou-
marins, volatile compounds [15], and saponin. Global studies
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showed that ribwort seeds have external uses for treating
skin inflammation and healing wounds [16]. It is found that
crude extracts of Plantago leaves have anti-proliferative effect
on MCF7 breast cancer cell line [17] and against prostate
cancer cell lines [18]. However, the antitumor effect of this
plant has not been much studied. Thus, this study aimed to
identify the active compounds of P. lanceolata leaf extract
and evaluate its antitumor effect on cancer cell lines in vitro.

Methods

Collection of plant samples

P. lanceolata leaves were collected from a Usefia region
south Baghdad at middle of Iraq. The plants were con-
firmed to be uninfected and healthy, and authenticated by
the National Herbarium of Iraq who undertook the formal
identification of the plant material used in our study, and a
specimen of this material has been deposited in a National
Herbarium of Iraq under the number (56432). The leaves
were washed by clean tap water and distilled water to elim-
inate dust and other foreign particles, air-dried at room
temperature, ground in a blender, and then weighed.

Plant extraction

Plant leaves (100 g) were ground into fine powder using a
stainless-steel grinder and then extracted in 70% ethanol
(200 ml) overnight. The fraction extracted by ethanol was
isolated by using a muslin cloth and sterile filtered through
a Whatman filter (No0.02) paper. The filtered extract was
then concentrated in a rotary evaporator.

Analysis of phenol and flavonoid content in P. lanceolata
leaf extract

Detection of flavonoid was performed using a high-
performance liquid chromatography (HPLC) system from
Shimadzu, Japan, following previously described methods
[19] at the Department of Chemistry, Ministry of Science
and Technology. The column used was Shimpack C-18
(particle size of 3 pum; 50 x 4.6 mm 1.D). The mobile phase
was 0.1% phosphoric acid-acetonitrile (52:24, v\v). UV de-
tection was set at 285 nm. The flow rate was 1.5 ml/min,
whereas the temperature was 25 °C. The concentration of
each component was measured quantitatively by compar-
ing the detected peak area of the samples with that of a
standard according to the following equation:

area of the sample

———————————— x standard concentration x dilution factor
area of the Standard

Sample concentration =

Maintenance of cell cultures

The human breast cancer cell lines AMJ13 [20], MCF7,
MDAMB, and CAL5], as well as mouse embryo fibroblasts
(MEF) were supplied by Cell Bank Unit. AMJ13 cells were
cultured in RPMI-1640 medium (USbiological, USA) sup-
plemented with 10% fetal bovine serum (FBS) (Capricorn
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Scientific, Germany), 100 units/mL penicillin, and 100 pg/
mL streptomycin. MCF7, MDAB, and CAL51 cells were
cultured in Minimum Essential medium (MEM) (USbiolo-
gical) supplemented with 10% FBS (Capricorn- Scientific,
Germany), 100 pg/mL streptomycin, and 100 units/mL
penicillin. The cells were incubated at 37 °C in a humidified
environment and 5% COs.

Cytotoxicity assays

Crystal violet cell viability assay was employed to meas-
ure the cytotoxic effect of the plant extract. Human
breast cancer cell lines (MDAMB, AM]J13, MCF7, and
CAL51 cells) and normal mouse embryonic cells (MEF)
were seeded at a density of 7000 cells/well in 96-well
plates (Santa Cruz Biotechnology, USA). After 24 h of
incubation or after a confluent monolayer was formed,
the cells were treated with P. lanceolata leaf extract at
2-fold dilutions (4000, 2000, 1000, 500, 250, 125, 62.5,
31.25 pg/ml to 15pg/ml) in culture media. The assay
was performed in triplicate. Cell viability was determined
after 72 h of treatment by cell staining with 50 pl of crys-
tal violet (Sigma Aldrich, USA) followed by incubation
at 37 °C for 2 h. The stain was aspirated, and PBS was
used to wash the wells. A microplate reader (Biochrom,
UK) was used to measure the absorbance at 492 nm.
Results of the assay were shown as percentage of prolif-
eration relative to control cells [21].

Morphology and quantitative image analyses

The treated and untreated cells were photographed at four
haphazardly selected cultured fields using an inverted light
microscope at x 200 magnification (Leica Microsystems,
Germany) and digital color camera (Leica-microsystems,
Germany). The images were examined using the Image]
software (http://rsb.info.nih.gov/ij/). For statistical analysis,
quantitative measurement of each picture was performed
in triplicate. Percentage (%) of cells stained by crystal vio-
let were calculated [22].

Clonogenic assay

The cells were seeded at a density of 5 x 10° cells/mL in
6-well tissue culture plates and incubated until con-
fluency. Next, the cells were exposed to P. lanceolata
leaf extract at different concentrations. The cells were
then stained with crystal violet stain and examined
under an inverted microscope [23].

Statistical analysis

The data are presented as means * standard error of the
mean. One-way analysis of variance was used for data
comparison between treatment groups. Differences in
data were considered statistically significant at P < 0.05.
For this analysis, we used the GraphPad Prism 6 soft-
ware (GraphPad Software, Inc. San Diego, California).
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Table 1 Bioactive compounds of P. lanceolata leaf extract, identified by HPLC

Seq Standard Retention time Area Concentration Seq Sample Retention time Area Concentration
(minutes) pg/ml (minutes) ug/ml

1 Protocatecuic ~ 2.198 576685 12.10 1 Protoctecuic 2.152 65876  3.88

acid acid

2 Cafeic acid 2.957 572594 1202 2 Cafeic acid 2.898 43719 523

3 Ferulic acid 4373 545481 1145 3 Ferulic acid 4352 9.00055 7.84

4 Sinapic asid 544 445366 9.35 4 Sinapic acid 5423 6.20378 9.78

5 O-cumaric 6.672 441940 9.28 5 O-cumaric 6.782 284530 12.26

6  Rutin 760 584451 1227 6 Rutin 7.568 168223 1337

7 Myricetin 8597 566220 11.88 7 Myricetin 8475 103305 15.27

8 Quercetion 9.537 487263 10.23 8 Quercetin 9425 438903 16.99

9  Kaempferol 10443 544223 1142 9  Kaempferol 8425 57964 1216

Results Cytotoxicity assay

Chemical structure analysis

The results of HPLC analysis are presented in Table 1.
The results showed that P. lanceolata leaf extract
contained important flavonoid glycosides, especially
rutin, myricetin quercetin, and kaempferol at concen-
trations of 13.37 pg, 15.27 ug, 16.99 pg, and 15.37 pg,
respectively. The percentage of these compounds was
higher than that of the standard. Thus, the activity of
P. lanceolata leaf extract may be attributed to these
bioactive compounds (Fig. 1).

The P. lanceolata leaf extract showed the most potent cyto-
toxic effects against the triple-negative cancer cell line
CALS51, with an IC50 value of 23.7 pg/ml (Fig. 2b). In con-
trast, the extract showed no noticeable cytotoxic effect
against MCF7, AMJ13, and MDAMB cells, with extremely
high IC50 values for these cells: 250 pg/ml for MDAMB
cells, 674 pg/mL for MCF7 cells, and 7200 pg/ml for AMJ13
cells. For comparison, the IC50 value of the extract for nor-
mal embryonic fibroblast cells was 430 pg/mL (Fig. 2). The
cells treated with the extract showed decreased cell number
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Fig. 1 HPLC chromatogram of P. lanceolata leaf extract. a HPLC trace standards. b P. lanceolata leaves ethanol extract monitored at 285 nm. Peak
identification: 1, protoctecuic acid; 2, cafeic acid; 3, ferulic acid; 4, sinapic acid; 5, O-cumaric; 6, rutin; 7, myricetin; 8, quercetin
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Fig. 2 The P. lanceolata leaf extract exhibited cytotoxicity against breast cancer cell lines, with different IC50 values of a 674.2 ug/ml for MCF7
cells, b 23.7 pg/ml for CAL51 cells, ¢ 250.8 ug/ml for MDAMB cells, and d 7.2 mg/ml for AMJ13 cells, as well as against e normal embryonic
fibroblast cells, with the IC50 value of 430 pug/ml. f Comparative study of IC50 values showed that CAL51 cells were the most sensitive to
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owing to cell detachment, as observed in most of the ob-
served fields. Furthermore, these cells showed condensed
nuclei, indicating early apoptosis in the treated cells com-
pared to untreated cells; this finding was observed in the
cells treated with the highest concentration of extract. On
the contrary, untreated cancer cells continued to proliferate
to form monolayers. Early apoptotic cells with condensed
nuclei and darker stain as well as lightly stained normal cells
are shown in Fig. 3.

Clonogenic assay
More experiments were performed to assess the cyto-
toxic activity of P. lanceolata leaf extract at different

concentrations against several breast cancer cell lines (MCF-
7, CAL51, MDAMB, and AMJ13 cells) and normal embry-
onic cells (MEF cells) using clonogenic assay. The efficacy of
the extracts in inhibiting colony formation of the tested cells
was determined. P. lanceolata leaf extract at a high concen-
tration of 4 mg/mL showed high efficacy in inhibiting colony
formation of CAL51 cells but showed low efficacy in inhibit-
ing that of the other breast cancer cells. The extract at the
same concentration showed less effect on other breast cancer
cells and on normal MEF colony forming when we used the
same concentration (Fig. 4). These findings suggested that P.
lanceolata leaf extract selectively suppressed the prolif-
eration of CAL51 triple-negative breast cancer cells.
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cytotoxic to normal cells; x 400 magnification; crystal violet staining

Fig. 3 Cytomorphology and quantitative image analysis of the treated and control cells. a MCF-7 cells: A1, control cells; A2, treated cells; A3,
graph showing the efficacy of high-dose extract. b CAL51 cells: B1, control; B2, treated; B3, graph the efficacy of high-dose extract. ¢ MDAMB
cells: C1, control cells; C2, treated cells; C3, graph showing the efficacy of high-dose extract. d AMJ13 cells: D1, control; D2, treated extract; D3,
graph showing the efficacy of high-dose extract. @ MEF cells: E1, control cells; E2, treated cells; E3, graph showing that high-dose extract was
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Discussion

The search of natural sources for cancer therapeutics has
brought promising results thus far. Active compounds have
been identified and isolated for use in cancer therapy. Sev-
eral species of Plantago have been described as remedies
for treating tumors [24]. In this study, flavonoids were
identified by HPLC as major constituents of P. lanceolata
leaf extract. Flavonoids are a group of compounds with dif-
ferent phenolic structures and known for their health ben-
efits. There are over 4000 types of flavonoids; several of

them are responsible for the color of fruits, flowers, and
leaves [25]. The oxygen-derived free radical-scavenging
activity of flavonoids has been shown to lead to anticarci-
nogenic effects [26]. Antioxidative effect is the defining fea-
ture of nearly every group of flavonoids. Flavones and
catechins are flavonoids with the ability to protect the body
from reactive oxygen species-induced damage. Cellular
organelles and components can be damaged by reactive
oxygen species and other free radicals, which are generated
as a result of exogenous stimuli or oxygen metabolism
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Treated

Control

Fig. 4 Colony-forming ability of cell cultures was investigated by
clonogenic assay to assess the cytotoxicity of P. lanceolata leaf
extract. a MCF-7 cells treated with high-dose (4 mg/ml) extract,
compared to the control cells. b CAL51 cells showing the efficacy of
high-dose (4 mg/ml) extract in suppressing colony forming ability of
the CAL51 cells. ¢ MDAMB, showing a high dose of extract in
compare to 4 mg/ml. d AMJ13, showing a high dose of extract was
less effective. @ MEF, control untreated cells showed complete cells
growth to confluency in compare to 4 mg/ml treatment. The cells
were stained with crystal violet

[27]. Increased production of reactive oxygen species
leads to consumption and exhaustion of endogenous
free radical-scavenging compounds. Flavonoids may
exert additive effect on these endogenous free radical-
scavenging compounds [28].
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The results of cytotoxicity and clonogenic assays in the
present study revealed that P. lanceolata leaf extract
exhibited antiproliferative effect and cytotoxicity against
breast carcinoma cell lines, especially CAL51 triple-
negative breast cancer cells. The cytotoxic effect of the ex-
tract may be attributed to its flavonoid content, namely
flavone and luteolin-7-O-f-glucoside [29]. Luteolin-7-O-
B-glucoside is a promising anticancer molecule with anti-
breast adenocarcinoma activity [24]. Another team [30]
found that P. lanceolata extract is effective against MCF7
cell line and the IC50 value is 142.78 pg/ml while our
study found that IC50 on MCEF7 cells is 674.2 pug/ml and
the difference may attributed to the difference in extrac-
tion method, but it still higher than required for CAL51
breast cancer cells. The IC50 value on prostate cancer cell
lines PC-3 and Du-145 was about 300 pug/ml [18]. These
results are the same range of our results but not for the
AM]J13 which was very resistant, while CAL51 was very
sensitive as IC50 value was 23.71 pg/ml.

Conclusions

This study reported, for the first time, that P. lanceolata
leaf extract exerted selective antiproliferative effect against
CAL51 triple-negative breast cancer cells. Thus, this ex-
tract was potential for development as an anticancer agent
for triple-negative breast cancer patients.

Abbreviations
FBS: Fetal bovine serum; HPLC: High-performance liquid chromatography;
IC50: Inhibitory concentrations 50%; MEF: Mouse embryo fibroblasts
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