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Abstract: Spelt is gaining popularity due to its nutritional and ecological benefits, particu-
larly in organic farming. Juice from young spelt grass is rich in potassium, phosphorus,
manganese, and chromium, along with beneficial pigments and phenolic compounds, all
of which support human health. This study examines the phytochemical composition
(photopigments and phenolics) determined by visible spectrophotometry and liquid chro-
matography, as well as the antiproliferative effects of spelt grass juice extracts assessed
by the MTT assay. It also explores their selectivity towards human malignant cells (lung
A-549 and cervical HeLa) and their potential synergy with doxorubicin, an anticancer drug.
Spelt grass juice extracts, particularly aqueous and methanol-water extracts, contained
significant amounts of ferulic acid and its derivatives. The methanol-water extracts were
similar to aqueous extracts in terms of total phenolics (3464-3601 nug/g DW), while the
acetone-water extracts had a significantly lower content (around 2700 pug/g DW). The
antiproliferative effect of spelt extracts was moderate, with the acetone-water extract
showing the highest selectivity towards HeLa cells, likely due to its ability to extract both
photopigments and phenolics. Co-treatment with doxorubicin enhanced the cytotoxic
effects. These findings highlight the potential of Triticum spelta extracts to improve the
efficacy of conventional chemotherapeutic agents.
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1. Introduction

Cultivated since at least 5000 B.C., spelt (Triticum aestivum ssp. spelta) is most likely
developed by spontaneously crossing older varieties of wheat originating in the Middle
East. Nowadays, spelt has earned an increasingly important place in the production of
healthy and safe food, especially due to the exceptional benefits of production (the tolerance
to abiotic and biotic stresses—diseases, drought, and soil nutrient shortage) especially in
the organic farming system [1]. In addition, the juice/extract obtained from young spelt
grass has beneficial effects on human health as a rich source of some major (potassium
and phosphorus) and trace (manganese and chromium) elements, pigments (especially
chlorophyll and pheophytin) and phenolics [2,3]. The antioxidant potential of young spelt
grass extract was positively correlated with the total phenolic content [2]. The application
of antioxidants and anti-inflammatory agents helps to diminish the tumor-supportive envi-
ronment, thereby reducing cancer progression [4]. Spelt is making a comeback in human
diets lately, as it is claimed to be even healthier than commercial wheat. Spelt products
are recommended for people with gastrointestinal issues, children, and the elderly [2].
While wheatgrass and its juice have been reported to possess antioxidant, antimutagenic,
antimicrobial, antiallergenic, nephroprotective, anti-inflammatory, diuretic, and anticancer
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properties [5-13], similar effects of spelt grass extracts remain insufficiently investigated.
Spelt grass juice supplementation exerts beneficial effects on the pro-oxidant-antioxidant
balance and demonstrates anti-inflammatory properties, as evidenced by the changes in
hsCRP concentrations [14]. Several studies on malignant cells have demonstrated the
antiproliferative potential of ethanol and ethyl acetate extracts of Triticum spelta against hu-
man liver (HepG2) and colorectal (Caco-2) cancer cells, as well as the methanolic extract of
Triticum aestivum in HeLa cervical carcinoma cells [3,5]. Studies employing protein extracts
from both ancient and contemporary wheat cultivars showed that immunological responses,
as shown by epitope-specific T-cell responses, varied significantly by genotype [15].

It is well-known that the combination of extracts from natural products with an-
tineoplastic agents can result in enhanced antitumor effects on cancer cell lines [13,16].
Polyphenols enhanced the efficacy of chemotherapeutic agents by modulating the resistance
mechanisms in cancer cells, particularly those exhibiting a multidrug resistance phenotype.
In vitro studies have demonstrated that combining polyphenols with chemotherapeutics
can modulate the genes associated with proliferation, induce apoptosis, cause cell cycle
arrest, and increase oxidative stress, thereby contributing to more effective tumor suppres-
sion [17]. Meanwhile, in vivo studies indicate that the integration of phytochemicals with
conventional chemotherapeutic agents may modulate tumor microenvironment dynamics
by suppressing angiogenesis, promoting tumor necrosis, and reducing vascular density,
though additional clinical validation is required [16].

This study focuses on the phytochemical composition (photopigments and phenolic
compounds) and the antiproliferative activity of aqueous, and methanol- and acetone—
water extracts obtained from spelt grass juice, their selectivity towards malignant cells, and
the effect of co-treatment with doxorubicin, an antineoplastic drug.

2. Materials and Methods
2.1. Production Process of Young Spelt Grass Juice

The juice from young spelt grass was prepared by a local manufacturer in Podgorica
for the Montenegrin market. The production process consists of three key steps: (1) Seed
selection and initial treatment—The seeds are stored at low temperatures and initially
soaked in a 5% NaHCOj; solution, followed by water. Over the next 36 h, the seeds
are rinsed and drained every 8 h in the same manner. During this period, the seeds
begin to sprout, and the sprouts are then placed in a thin, dense layer on a perforated
plastic or stainless-steel tray, sprayed with a 0.1% HyO, solution, and covered with an
opaque film. (2) Crop maintenance—In the greenhouse (temperature 21 °C and humidity
60%, with constant ventilation and air circulation provided by fans), a combination of
natural and artificial light is used, along with precise irrigation and continuous monitoring
of the microclimate. Irrigation is stopped during the dark phase. (3) Harvesting and
extraction—The grass is harvested between the 8th and 10th day after sprouting, once
the nutritional content of the seed has been exhausted. Extraction is carried out using
dual-cascade extractors to preserve the maximum concentration of nutrients and enzymes.
In the first cascade, the raw material is crushed with special stainless-steel blades, and
pressure extraction (squeezing) is performed in the subsequent cascade. The obtained juice
is stored under deep-freezing conditions until analysis.

2.2. Sample Preparation

Considering that the foam produced during the process of squeezing spelt grass
probably contains bioactive compounds, for the purposes of this study, the samples were
prepared in two series: one with foam and one with the foam removed. They were dried in
a lyophilizer (Alpha 1-4 LD, Martin Christ, Osterode am Harz, Germany) to preserve the
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biological activity of juice. The average share of dry matter in the samples without foam
was 6.28%, and, in those with foam, 6.61%.

For the efficient extraction of photopigments and phenolic compounds (components
with biological activity), two extraction solvents were used for the preparation of ex-
tracts: acetone-water (Ac:H,O 4:1) and methanol-water (MeOH:H,O 4:1). The mass of the
lyophilized juice (about 0.1 g) was weighed and 10 mL of extraction solvent was added.
Extraction with Ac:H,O for 2 h and with MeOH:H,O for 3 h was performed in an ultrasonic
bath with the addition of ice. The extracts were centrifuged and filtered through the appro-
priate membrane filters (0.20 pm). Samples of fresh juice obtained by squeezing of young
spelt grass were also centrifuged and filtered in the same way as mentioned extracts, for
purpose of obtaining the liquid phase with water-soluble components, i.e., aqueous extract
of spelt grass juice. All prepared samples of extracts were deep-frozen until preparation for
performing of analyses.

2.3. Chemicals

For determination of derivatives of hydroxybenzoic and hydroxycinnamic acids as phe-
nolic compounds, the following standards were used: gallic acid, ferulic acid, p-coumaric
acid, and caffeic acid from Merck KGaA (Darmstadt, Germany). Methanol from J.T. Baker
(Phillipsburg, NJ, USA) and acetone from Lachner (Neratovice, Czech Republic) and ul-
trapure water produced by Milli-Q system (Millipore, Bedford, MA, USA) were used for
preparation of extracts. The chemicals for the mobile phases were HPLC-MS-grade acetoni-
trile and formic acid from Sigma-Aldrich. Water for the mobile phase was double-distilled
and purified with the Milli-Q system (Millipore, Bedford, MA, USA).

2.4. Determination of Photosynthetic Pigments in Extracts

The concentration of pigments (chlorophyll a, chlorophyll b, and carotenoids) in
acetone—water and methanol-water extracts was determined by the spectrophotometric
method according to Markovi¢ [18]. Absorbances (A662, A644, and A440 for acetone—
water extract; A666, A653, and A470 methanol-water extract) of photosynthetic pigments
were read on a Cary 100 UV-visible spectrophotometer (Varian Inc., Palo Alto, CA, USA).
The amounts of chlorophyll a, chlorophyll b, and carotenoids (ug/mL) in acetone-water
extract were calculated using the formula and molar absorption coefficients (Holm and
Wettstein) [18]:

Chlorophyll a = 9.784-A662 — 0.990-A644, (1)
Chlorophyll b = 21.426-A644 — 4.650-A662, (2)
Carotenoids = 4.695 - A440 — 0.268-(Chl a content + Chl b content). 3)

The amounts of chlorophyll a, chlorophyll b, and carotenoids (png/mL) in methanol-
water extract were calculated using the formula and molar absorption coefficients according
to Wellburn and Lichtenthaler [19]:

Chlorophyll a = 15.65-A666 — 7.34-A653, 4)
Chlorophyll b = 27.05-A653 — 11.21-A666, (5)
Carotenoids = 4.082:A470 — 0.012-Chl a content — 0.527-Chl b content, (6)

Concentrations were converted to ug/g DW.
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2.5. Determination of Individual Phenolic Compounds in Extracts Using
HPLC-DAD-MS" Analysis

Phenolic compounds were analyzed by an HPLC system Ultimate 3000 (Thermo Fisher
Scientific, Waltham, MA, USA) equipped with a DAD detector set at 280 nm, 350 nm, and
530 nm as reported by Mikulic-Petkovsek et al. [20]. The elution solvents were aqueous
0.1% formic acid and 3% acetonitrile in double-distilled water (A) and 0.1% formic acid
and 3% water in acetonitrile (B). For phenolic determination, a Gemini C18 (Phenomenex,
Torrance, CA, USA) column operated at 25° C was used.

The phenolic compounds were identified by comparing their UV-Vis spectra and
retention times with standards, and also confirmed using a mass spectrometer (LTQ XL
Linear Ion Trap Mass Spectrometer, Thermo Fisher Scientific, Waltham, MA, USA) with an
electrospray interface (ESI) operating in negative ion mode. Full-scan data-dependent MS™
scanning from m/z 115 to 1900 was performed. All mass spectrometer conditions were the
same as reported by Mikulic-Petkovsek et al. [20].

Phenolic contents were expressed in mg/g DW.

2.6. Determination of the Antiproliferative Activity of Spelt Grass Juice Extracts
2.6.1. Growth and Culture of the Cell Lines

For the estimation of antiproliferative activity of various spelt grass juice extracts, one
non-transformed human cell line, MRC-5 (a non-transformed (normal) fetal lung fibroblast,
ECACC 84101801), and two human malignant transformed cell lines, A-549 (ECACC
86012804—Ilung cancer) and HeLa (ECACC 93021013—cervix cancer), were utilized. The
cell lines were cultured and maintained in Dulbecco’s Modified Eagle’s Medium (DMEM,
Merck KGaA, Darmstadt, Germany) supplemented with 10% Fetal Calf Serum (FCS),
100 Units/mL penicillin, and 100 ug/mL streptomycin, referred to as complete medium.
The cells were grown in 25 cm? flasks at 37 °C in an atmosphere of 5% CO, and high
humidity and were sub-cultured twice a week. A single-cell suspension was obtained using
0.1% trypsin with 0.04% EDTA.

2.6.2. MTT Assay with Extracts of Spelt Grass Juice

Cell growth was assessed using the MTT assay [21]. Cell lines were seeded into 96-well
microtiter plates (Sarstedt, Newton, MA, USA) at varying densities: 5 x 10% cells per well
for MRC-5 and A-549, and 4 x 10 cells per well for HeLa in a volume of 180 pL. The cells
were pre-incubated in complete medium supplemented with 5% FCS at 37 °C for 24 h.

For evaluation of antiproliferative activity, extracts of spelt grass juice were dissolved
in DMSO and 0.9% NaCl. The final concentration of DMSO was under 0.2%, while the
concentration of aqueous extracts of spelt grass juice ranged between 633.6 and 6700 ug/mL,
and the concentration of acetone-water and methanol-water extracts 100-1000 pg/mL.
Additionally, the antineoplastic drug doxorubicin for co-treatment was used at a final
concentration of 2 uM. Microplates were incubated at 37 °C for an additional 48 h. Color
development was measured using a Multiscan Ascent (Labsystems; Helsinki, Finland)
photometer at 540 nm, with 620 nm as the background. Results of antiproliferative activity
were expressed as the mean + SD of two independent experiments, each performed in
quadruplicate. All values presented in the figures and text represent the percentage of cell
growth relative to the control, according to the following formula:

Cell growth(%) = (At/Ac) x 100, (7)

where At represents the absorbance of the test sample and Ac represents the absorbance of
the control.
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Based on concentration—cell growth curves, IC50 values (the concentration that inhibits
cell growth by 50%) were determined using CalcuSyn Version 1.1 (Mike Hayball Copyright
Biosoft, 1996, St. Louis, MO, USA). Using IC50 values obtained from a non-tumor cell line
and the respective tumor cell line, non-tumor/tumor IC50 ratios (NT/T) were calculated
for the extract. The NT/T ratio (or selectivity index) indicates the selectivity of the tested
samples towards tumor cells compared to a healthy cell line.

2.7. Statistical Analysis

Data were processed using the IBM SPSS Statistics 23 (Chicago, IL, USA). Descriptive
analysis and one-way ANOVA with post hoc multiple range test (Duncan’s test, significance
level 0.05) was carried out.

3. Results and Discussion
3.1. Photosynthetic Pigments in Extracts

Various types of plant pigments are found in the photosynthetic apparatus as crucial
components. By absorbing light of different wavelengths and allowing photosynthetic or-
ganisms to adapt permanently or temporarily to different environments, chlorophyll plays
an important role in light harvesting. Among their diverse functions in photosynthesis,
including light capture, carotenoids are essential antioxidants that lessen photodamage
and photoinhibition [22].

In green plants, as the two main chemical structures of chlorophyll are Chl a and Chl b,
typically in a 3:1.1 ratio. Chlorophyll has proven to be an anticancer agent through multiple
biological activities like antigenotoxicity, the trapping of mutagens, antioxidant activities,
apoptosis, and immunomodulation [23]. Some limitations of its pure natural form are
related to its poor stabilization under physiological conditions, and its poor solubility in
aqueous solutions, which reduces its accumulation in cancer cells [24].

The lyophilized samples of spelt grass juice (extracted with acetone-water) without
foam had an average content of pigments as follows: 6.39 mg chlorophyll a/g DW, 2.47 mg
chlorophyll b/g DW, and 1.81 mg carotenoids/g DW. Obviously, there were no significant
differences between them and ones with foam: 6.91 mg chlorophyll a/g DW, 2.69 mg
chlorophyll b/g DW, and 1.95 mg carotenoids/g DW (Figure 1, statistics not displayed).
Methanol is known to be less efficient than acetone in the extraction of pigments. Conse-
quently, the values for the mentioned pigments in the methanol-water extracts were about
5,3, and 20 times lower than in to the acetone-water extracts, respectively.

Janci¢ et al. [2] chromatographically determined the content of photopigments in
spelt grass extracts using pure acetone. The concentrations varied significantly, such as
chlorophyll a 2.4-7.08 mg/100 g and chlorophyll b 8.55-28.1 mg/100 g of fresh spelt grass
extract. These authors assume that significant amounts of chlorophyll a are converted into
pheophytin a during the lyophilization process, for which they measured concentrations
of 3.72-8.81 mg/100 g. Further, the sum of average values for carotenoids («-carotene,
[3-carotene, lutein, and zeaxanthin) ranged from 2.45 to 3.08 mg/100 g. Our results showed
a much higher content of chlorophyll a (about 40 mg/100 g FW) and carotenoids (more
than 10 mg /100 g FW), while the content of chlorophyll b (about 15 mg/100 g FW) is in the
range of values found in the study of Janci¢ et al. [2].
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Figure 1. Photopigment content in extracts of lyophilized spelt grass juice with and without foam
(Ac:H,0O no foam, Ac:H,O with foam, MeOH:H,O no foam, and MeOH:H,O with foam), obtained
using solvent-water (4:1) extraction. Statistically significant differences between pigment means,
indicated by * above the bars, were determined using one-way ANOVA and Duncan’s test at p < 0.05.

Skoczilas et al. [8] measured the content of total chlorophyll pigments in wheatgrass
juice 481 mg/L for the summer and 270 mg/L for the winter period with a chlorophyll
a/chlorophyll b ratio of 1:0.34 and 1:0.27, respectively. For carotenoids, the concentrations
were 94.3 mg/L in summer and 59.4 mg/L in winter. In our experiment with young spelt
grass grown under controlled conditions, the total chlorophyll content was about 550 mg/L
with a chlorophyll-a-to-b ratio of 1:0.38, and the carotenoid content was about 110 mg/L,
which could be considered quite similar to their results for summer wheatgrass juice. It is
important to note that Skoczilas et al. [8] also used 80% acetone for the extraction, and a
spectrophotometric method to determine the pigment concentration.

3.2. Phenolic Composition of Extracts

Phenolic compounds are strong natural antioxidants that are very important for
the plant’s defense system. Their content is influenced by the growing conditions, the
degree of ripeness, and genetic variations. Table 1 shows the concentrations of phenolic
compounds analyzed in spelt grass juice extracts. In general, almost no differences in
phenolic composition were found within the same type of extracts (with or without foam).

Among the phenolics analyzed, the aqueous extracts of spelt grass juice showed the
highest concentration of ferulic acid (more than 1100 pg/g DW) and its derivatives. The
proportion of this hydroxycinnamic acid, not including its derivatives, amounted to one-
third of the total phenolics analyzed. Protocatechuic acid, as the dominant hydroxybenzoic
acid in the aqueous extract of spelt grass juice, was found in a concentration of about
150 ug/g DW.
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Table 1. The content (pg/g DM) of phenolic compounds (mean 4 SD) ! in spelt grass juice extracts.
Spelt Grass Juice Extract
Phenolic Standard Phenolic - -
Compound Compound Group AQUEOUS (No  AQUEOUS (with  Ac:H,0 (No AcH,O (with ~ MeOH:H;O (No  MeOH:H0
Foam) Foam) Foam) Foam) Foam) (with Foam)
Pmt";iitgd‘mc Gallic acid HBA 151.93 + 8.16a 150.16 +9.80 a 1250 £7.14d  16.87 +6.88d 57.07 £ 1.55b 4051 +2.36 ¢
Syringic acid Gallic acid HBA 92.23 +495a 91.15 + 595 a 7.59 +433d 10.24 +4.18d 34.64 +094b 24.59 + 143 ¢
Salicylic acid Gallic acid HBA 22.04 +1.18a 2178 £1.42a 1.81+1.04d 2.45 +1.00 d 828 +0.22b 5.88 & 0.34 c
Ferulic acid . .
dortvatina ] Ferulic acid HCA 204.18 £ 14742 201.02 +445a 98.14 £ 8.83¢c 8952+ 1424c  12885+£340b 12129 £1.95b
Ferulic acid . .
dortvatinas Ferulic acid HCA 52.96 £ 3.72 ¢ 4892 £ 5.42 ¢ 14028 £7.64a 137.884+2026a  11618+£279b  110.01 £3.76b
p-coumaricacid I HCA 143+ 0.11a 144 +0.03a 0.64 + 0.03 b 0.68 + 0.14 b 0.73 +0.01b 0.73 +0.01 b
Vanillic acid Gallic acid HBA 0.66 & 0.05 a 0.67 +0.02a 0.30 +0.02b 0.31 4 0.06 b 0.34 +0.00 b 034 +0.01b
ggfvlfhav‘zg Ferulic acid HCA 20041+ 1557a 20224 +4.77a 89.69 £4.62b  9503+1956b 10254 +147b 10227 + 1.68b
o-coumaric acid ”'“’a‘g&am HCA 935+ 2.11 ¢ 7.62 £ 1.66 ¢ 61836 £20.19a 595.05+3120a 29769 £517b  277.02+9.86b
p’hydrz’c‘g’;enzom Gallic acid HBA 71.78 £2.69 a 68.47 + 4.07 a 4078 £526d  40.85+4.32d 61.39 +1.36 b 56.77 4 0.66 c
Ferulic acid Ferulic acid HCA 117737 £ 44122 112294+ 66.78a  668.80 £ 8622d  669.93 +70.86d 100691 +£22.38b  931.04 = 10.81 c
34““1}‘2’611‘1“1““ Ferulic acid HCA 8742 +620a 10078 £7.09a  6534+£7.06b 6661 +£1593b  97.06 +12.06a  92.82+3.29a
Unknown 385 Ferulic acid HCA 195.24 + 11.32 181.07 + 6.58 20027 + 4041  182.49 -+ 50.41 204.08 + 8.46 190.72 + 12.21
Caffeic acid Ferulic acid HCA 59.95 £ 7.9 ¢ 5131 +214cd  9255+683b 11499 +166la 4879 +138cd  42.86+£571d
Unknown 579  Ferulic acid HCA 7.86 £ 1.70 ¢ 8.05 +2.30 ¢ 3780 £195ab  27.08 +16.80b 50.44 + 374 a 47.07 £ 5.76 a
Unknown 529  Ferulic acid HCA 16595 +893a 15274 +1095a 7534 +3.06b 6473 +1275b 16674 +1154a 16141 +£523a
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Table 1. Cont.
Spelt Grass Juice Extract
Phenolic Standard Phenolic - -
Compound Compound Group AQUEOUS (No  AQUEOUS (with ~ AcH;O (No  AcH,O (with ~ MeOH:H,0 (No  MeOH:H;0
Foam) Foam) Foam) Foam) Foam) (with Foam)
Unknown 563 Ferulic acid HCA 741.56 + 38.55b 783.23 £29.76 b 357.67 £ 12.69 ¢ 396.78 £ 7.59 ¢ 865.11 £22.77 a 902.55 £ 19.12 a
Unknown 371 Ferulic acid HCA 13493 £ 7.01b 14252 + 542 b 65.08 £2.31c 7220 £1.38 ¢ 15741 +4.14 a 164.23 +=3.48 a
44““22’51‘1“1“ Ferulic acid HCA 3.70 £ 0.19b 3.90 +0.15b 1.78 4 0.06 ¢ 1.98 & 0.04 ¢ 431+0.11a 450 +£0.10 a
Unknown 368 Ferulic acid HCA 1855 +1.72 ¢ 20.13 £ 341 ¢ 2595+ 0.55b 2934 +1.31b 56.51 £ 1.80 a 5995 + 3.62 a
Unknown 469 Ferulic acid HB 76.63 £241Db 80.43 +=1.58 a 3690 =294 e 3432 £ 0.75 e 64.36 = 1.53 ¢ 60.16 = 0.65d
Sinapic acid Caffeic acid HB 2329 +3.44 ¢ 25.05 = 3.54 ¢ 47.00 £3.60b 50.46 =+ 3.33 b 71.20 £4.19 a 67.49 4+ 18.45 a
Sum of total analyzed phenolics 3499 + 177 a 3466 1 166 a 2685 £182b 2700 £ 263 b 3601 =83 a 3464 80 a

! The significant differences between the means (labeled with different letters in rows) were determined with one-way ANOVA and Duncan’s test at p < 0.05.
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Eissa et al. [10] found that sinapic (27.98 pg/mL), protocatechuic (22.34 ng/mL),
caffeic (12.04 pg/mL), and rosmarinic (11.32 pg/mL) acids were present in the highest
concentrations in fresh wheatgrass juice. Differently from these authors, Hebbani et al. [9]
identified pyrogallol, syringic acid, vanillic acid, and ferulic acid as the dominant phe-
nolics. Skoczylas et al. [8] analyzed the phenolic profile of frozen wheatgrass juice, with
catechin (341.1 ug/mL) and ferulic acid (92.8 ug/mL) being the dominant phenolics.
Compared to our results (converted in same units: sinapic acid—1.59 ug/mL, protocat-
echuic acid—9.93 pg/mlL, caffeic acid—3.65 pg/mL, syringic acid—6.03 pg/mL, vanillic
acid—0.04 pg/mL, and ferulic acid—75.56 pg/mL), wheatgrass juice is considerably richer
in these compounds.

Previous studies on the phenolic profile of wheat and spelt grains have shown that
the phenolic acids are strongly bound to the matrix and are effectively released during
hydrolysis. The most common phenolic acids found in whole grains were as follows: ferulic
acid (as predominant), vanillic acid, caffeic acid, syringic acid, and p-coumaric acid [25,26].
Gawlik-Dziki et al. [26] found a significantly different content of ferulic acids in grains of
spelt cultivars, with the highest value around 700 ng/g DW. Overall, phenolic acids protect
wheat grains by providing both physical and chemical barriers through carbohydrate cross-
linking, antioxidant activity to combat destructive radicals, and astringency to prevent
consumption by insects and animals. Baranski et al. [27] investigated older wheat species
and found that the content of almost all free and bound phenolic acids was significantly
higher in the einkorn (Triticum monococcum L.) than in emmer (Triticum dicoccon Schrank)
and spelt (Triticum spelta L.) wheat species. In whole spelt grain, the highest concentration
of protocatechuic acid (in free phenolic fraction) was almost 90 ug/g DW [26].

The phenolic compounds were analyzed in both acetone-water and methanol-water
extracts, and the methanol-water extract was similar to the aqueous extract of spelt juice
regarding total phenolics with values in the range of 3464-3601 nug/g DW. Considering
the individual phenolic compounds, the concentration of 14 compounds was lower and
that of 8 compounds higher compared to the aqueous extract of spelt grass juice. The
difference in the content of o-coumaric acid was especially high. The concentration in the
methanol-water extract was about 30 times higher than in the aqueous extract. This is to
be expected, due to the low solubility of o-coumaric acid in water. In the acetone extract,
the content of total phenolics (around 2700 ug/g DW) was significantly lower compared to
the other extracts, as was the case for almost all compounds except o-coumaric acid and the
ferulic acid derivative. The content of o-coumaric acid was even 60 times higher compared
to aqueous extract of spelt grass juice.

3.3. Antiproliferative Activity of Extracts

The antiproliferative effects of six whole extracts derived from spelt grass juice were
evaluated on three distinct cell lines. This study aimed to assess the influence of the extract
type and solvent choice on their antiproliferative properties as well as the selectivity of
the extracts towards two malignant cell lines, and their potential to enhance the efficacy of
doxorubicin in co-treatment.

All tested spelt grass juice extracts, irrespective of the presence of foam, exhibited a
concentration-dependent antiproliferative effect (Figure 2). Co-treatment with doxorubicin
led to an enhanced inhibitory response across all examined cell lines. The presence of foam
did not induce significant changes in the observed effects.
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Figure 2. Antiproliferative effect of spelt grass juice extracts on cell growth after 48 h incubation at different concentrations, individually and in combination with
2 um doxorubicin. Cell lines tested: (a) MRC-5—non-transformed cells; (b) A-549 lung cancer cells; and (c) HeLa—cervix cancer cells. Extracts: Extract 1 —Aqueous
extract of spelt grass juice without foam; Extract 2—Aqueous extract of spelt grass juice with foam; Extract 3—Ac:H,O (4:1) extract of lyophilized spelt grass juice
without foam; Extract 4—Ac:H,O (4:1) extract of lyophilized spelt grass juice with foam; Extract 5—MeOH:H,O (4:1) extract of lyophilized spelt grass juice without
foam; and Extract 6—MeOH:H,O (4:1) extract of lyophilized spelt grass juice with foam, and their combination with Dox (doxorubicin). Concentrations tested: Conc.
1—633.6 ng/mL (Extract 1), 663.3 pg/mL (Extract 2), and 100 pg/mL (Extracts 3-6); Conc. 2—1920 ug/mL (Extract 1), 2010 ug/mL (Extract 2), and 300 pg/mL
(Extracts 3-6); Conc. 3—3200 pg/mL (Extract 1), 3350 pg/mL (Extract 2), and 500 ug/mL (Extracts 3-6); and Conc. 4—6400 pug/mL (Extract 1), 6700 pug/mL (Extract
2), and 1000 pg/mL (Extracts 3-6). All results are expressed as percentages of cell growth relative to the untreated control groups. Statistically significant differences
between means at each concentration, indicated by different letters above bars, were determined using one-way ANOVA and Duncan’s test at p < 0.05.
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Solvent selection, determined by variations in polarity and solubility, significantly
influenced the extraction efficiency and the phytochemical composition of the obtained
extracts. Among the tested extracts, the methanol-water fraction demonstrated the most
potent inhibitory effect on MRC-5 normal fibroblasts and A-549 lung cancer cells, whereas
the acetone—water extract exhibited the highest antiproliferative activity against HelLa
cervical carcinoma cells, likely due to its ability to extract both polar and non-polar bioactive
compound. In contrast, the aqueous extract consistently showed the weakest inhibitory
effects across all tested cell lines (Table 2). These findings underscore the importance of
solvent selection in the extraction process, as it significantly influences the phytochemical
composition and, consequently, the biological activity of the extracts.

Table 2. IC50 values for various spelt grass juice extract (ug/mL) and their selectivity towards tumor
cells (NT/T).

IC50 NT/T
Spelt Grass Juice Extract
MRC-5 A-549 HeLa A-549 HeLa
Extract 1 Aqueous (no foam) 1319.30 1887.50 1162.10 0.70 1.14
Extract 2 Aqueous (with foam) 1405.90 2060.12 1184.97 0.68 1.19
Extract 3 Ac:H,O (no foam) 331.07 530.68 182.05 0.62 1.82
Extract 4 Ac:H,0O (with foam) 416.84 529.20 203.07 0.79 2.05
Extract 5 MeOH:H,0 (no foam) 271.96 453.22 221.82 0.60 1.23
Extract 6 MeOH:H,O (with foam) 293.13 411.13 228.89 0.71 1.28

Regarding the IC50 values for all types of extracts, cervical cancer cells were more
susceptible compared to lung cancer cells. The higher efficacy towards cervical cancer cells
was observed for the acetone-water and methanol-water extracts compared to aqueous
ones. Our results align with previous studies [5,17] that demonstrated the antiproliferative
properties of Triticum aestivum extracts on the HeLa cell line. Patel et al. [5] showed that
the methanolic leaf extract of Triticum aestivum exhibited moderate anticancer activity
with an IC50 value of 156 pug/mL against HeLa cervical carcinoma cells. The apoptosis
induced by the Triticum aestivum extract was correlated with high free radical scavenging
activity, supporting the role of antioxidants in reducing cancer cell viability [12]. Namely,
as stated by these authors, an analysis of wheatgrass extract revealed the presence of
biologically active compounds containing hydroxyl groups and double bonds, which help
stabilize free radicals and, thus, exhibit antioxidant properties. Reactive oxygen species,
or free radicals, are converted into hydrogen peroxide and an oxygen molecule by the
antioxidant enzymes superoxide dismutase and cytochrome oxidase. This transformation
leads to the destruction of cancer cells. Furthermore, Janci¢ et al. [2] demonstrated the
antioxidant activity of spelt grass juice samples obtained from the same geographic region
and produced by the same local manufacturer in Montenegro as the samples analyzed in
our study. Their findings, based on FRAP, DPPH, and ABTS assays, revealed a positive
correlation between antioxidant activity and the phenolic and flavonoid content of the
juice. The antioxidant-dependent antiproliferative properties of Triticum spelta could be
significantly attributed to the presence of phenolic compounds and carotenoids, as well
as their synergistic interactions [3,28]. Numerous studies have highlighted the anticancer
potential of ferulic acid, which is predominant in spelt grass juice extracts [29]. Phenolic
acids, including p-coumaric acid, ferulic acid, and sinapic acid, have been shown to induce
the dose-dependent inhibition of proliferation, concentration-dependent apoptosis, and
HDAC inhibition in HeLa cells, with p-coumaric and ferulic acid specifically causing cell
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cycle arrest at the S-phase [30]. Additionally, carotenoids, predominantly «- and 3-carotene,
contribute to the strong antioxidant capacity of Triticum aestivum by scavenging free radicals
and inhibiting reactive oxygen species (ROS), potentially enhancing its antiproliferative
effects on cancer cells through synergistic interactions with other bioactive compounds [28].
Given the previously mentioned results, our research further confirms the relationship
between the presence of antioxidant compounds and antiproliferative effects.

The NT/T ratio indicates greater drug efficacy against tumor cells than toxicity to
normal cells when exceeding 1.0 [31]. In our experiment, all six extracts showed selectivity
toward HeLa cells, particularly acetone-water extracts, but not A-549 cells. The presence
of photopigments such as chlorophyll and carotenoids (Figure 1) may contribute to this
effect, as chlorophyll induces phase 2 detoxification enzymes and enhances oxygen delivery,
which can be detrimental to oxygen-sensitive cancer cells [7]. Carotenoids, through their
antioxidant properties, may further suppress tumor growth or trigger apoptosis [32].
Additionally, HeLa cells exhibit a high expression of proliferation-associated receptors,
potentially increasing their susceptibility to the proapoptotic effects of carotenoids and
phenolics, with p-coumaric and ferulic acid inducing S-phase arrest [30], further supporting
the selective effect of the extract.

Beyond their general cytotoxic effects, natural bioactive compounds can modulate
key signaling pathways and epigenetic mechanisms in cervical cancer cells, potentially
explaining the selectivity of spelt extracts. Carotenoids like fucoxanthin and polyphenols
such as epigallocatechin gallate (EGCG) have been shown to inhibit cervical cancer cell
proliferation by downregulating oncogenic genes, promoting apoptosis, and inducing cell
cycle arrest [33,34]. The PI3K/Akt/mTOR, MAPK/ERK, and NF-«B pathways, critical for
tumor survival and proliferation, are known targets of dietary phytochemicals in HeLa cells.
EGCG, for instance, inhibits PI3K/ Akt signaling by downregulating PIK3CA and PIK3CB
while upregulating PTEN, suppresses MAPK-mediated proliferation, and reduces NF-«B-
driven inflammation by lowering IL1A, IL2, and IL6 expression [34]. Given that epigenetic
changes are reversible, targeting them with bioactive compounds represents a promising
therapeutic approach. The selective antiproliferative effects of spelt extracts on HeLa cells
may be linked to their ability to modulate these oncogenic pathways, warranting further
studies to elucidate their molecular mechanisms and potential therapeutic applications.

It is well-established that combining natural product extracts with antineoplastic drugs
can enhance antitumor effects in cancer cell lines [13,16]. In our study, all tested Triticum
spelta extracts in co-treatment with doxorubicin enhanced antiproliferative effects on HeLa
and A549 cancer cells, aligning with the previously reported findings. While polyphenols
contribute to these effects through direct antiproliferative and pro-apoptotic mechanisms,
photopigments, including chlorophyll and carotenoids, may also play a crucial role. Chloro-
phyll has been shown to enhance chemotherapy efficacy by modulating oxidative stress,
inducing phase 2 detoxification enzymes, and increasing cellular oxygenation, which
may sensitize tumor cells to treatment [7,35]. Similarly, carotenoids exhibit antioxidant
properties that can influence apoptotic pathways and enhance chemotherapy-induced cyto-
toxicity [32,36]. The interaction between these bioactive compounds and doxorubicin may
contribute to improved tumor suppression by influencing cell cycle regulation, apoptosis,
and the oxidative stress balance. Additionally, in vivo studies suggest that combining
phytochemicals with chemotherapeutics can reduce angiogenesis, increase tumor necrosis,
and lower blood vessel density, although further clinical validation is needed [16].

Our findings demonstrate that specific Triticum spelta extracts exert selective antiprolif-
erative effects on cancer cell lines, suggesting their potential application in the formulation
of functional foods or nutraceutical supplements with antitumor properties. Given that
spelt is already a part of the human diet, its additional potential lies in the development
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of enriched food products that could provide protective effects against malignancies. Fu-
ture studies aimed at elucidating the molecular mechanisms activated by Triticum spelta
extracts, as well as the characterization of their bioactive components, would enable their
isolation and evaluation in clinical trials. By doing so, these findings could contribute to
the development of dietary strategies for cancer risk reduction and establish a foundation
for future therapeutic or preventive applications.

4. Conclusions

Based on the determination method, the total chlorophyll content, chlorophyll-a-to-b
ratio, and total carotenoids in spelt grass juice were consistent with the literature data
for summer wheatgrass juice. The aqueous extracts of spelt grass juice had the highest
concentration of ferulic acid and its derivatives, with ferulic acid accounting for a third
of the total phenolics. The methanol-water extracts were similar to the aqueous extracts
of spelt juice regarding total phenolics, with its content being significantly lower in the
acetone—water extracts.

The antiproliferative effect of Triticum spelta extracts was moderate, with solvent
selection playing a crucial role in determining their efficacy. The acetone-water extract
exhibited the highest selectivity toward HeLa cells, likely due to its ability to extract both
phenolics and carotenoids. Co-treatment with doxorubicin further enhanced the cytotoxic
effects, suggesting a synergistic interaction between phenolics, photopigments, and the
chemotherapeutic agent. The presence of foam in spelt grass juice did not significantly
influence the antiproliferative activity, likely due to its relatively low quantity.

These findings highlight the importance of the phytochemical composition in mod-
ulating antiproliferative activity and suggest the potential of Triticum spelta extracts for
further exploration in cancer therapy.

Author Contributions: Conceptualization, A.T. and ].M.; methodology, A.T., M.M.-P. and J.M.; formal
analysis, A.T., M.M.-P. and ].M.; investigation, all authors; writing—original draft preparation, A.T.
and ].M.; writing—review and editing, all authors; visualization, A.T. and M.K.; supervision, M.M.-P.
and ].M.; project administration, M.K.; funding acquisition, M.K. and M.M.-P. All authors have read
and agreed to the published version of the manuscript.

Funding: The research is supported in part by the Innovation Fund of Montenegro (Innovation
voucher No. IV-020-22) and in part by the Horticulture program No. P4-0013-0481 funded by the
Slovenian Research and Innovation Agency (ARIS). The article processing charge was covered by
Umbrella (No. GFL-11207-14AC0003-51-32GFL-000794-SB-020370.12).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: The authors would like to thank Aleksandrina Vujaci¢ from Permakultura.me
for cultivating spelt grass under controlled conditions and preparing the juice samples.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Golijan, J.; Zivanovi¢, L.; Kosti¢, A.Z. Nutritivni zna¢aj krupnika (Triticum aestivum ssp. Spelta) u ljudskoj ishrani. Hrana Ishrana

2017, 58, 39-44. [CrossRef]

2. Jandi¢, D.; Sukovi¢, D.; Resetar, J.; Deli¢, L.; Nikoli¢, M. Nutritional composition, biologically active substances and antioxidant
activity of young spelt grass extract. JSFA Rep. 2022, 2, 385-397. [CrossRef]



Appl. Sci. 2025, 15,4917 15 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Ahmad, G.M.; Abu Serie, M.M.; Abdel-Latif, M.S.; Ghoneem, T.; Ghareeb, D.A.; Yacout, G.A. Potential anti-proliferative activity
of Salix mucronata and Triticum spelta plant extracts on liver and colorectal cancer cell lines. Sci. Rep. 2023, 13, 3815. [CrossRef]
[PubMed]

Agrawal, M.Y.,; Gaikwad, S.; Srivastava, S.; Srivastava, S.K. Research trend and detailed insights into the molecular mechanisms
of food bioactive compounds against cancer: A comprehensive review with special emphasis on probiotics. Cancers 2022, 14, 5482.
[CrossRef]

Patel, J.B. Anticancer & cytotoxic potential of aqueous extract of Triticum aestivum on HeLa cell line. J. Drug Deliv. Ther. 2016, 6,
84-89.

Sim, J.H.; Choi, M.-H.; Shin, H.-].; Lee, J.-E. Wheatgrass extract ameliorates hypoxia-induced mucin gene expression in A549 cells.
Pharmacogn. Mag. 2017, 13, 7-12.

Gore, R.D.; Palaskar, S.J.; Bartake, A.R. Wheatgrass: Green blood can help to fight cancer. J. Clin. Diagn. Res. 2017, 11, ZC40-ZC42.
[CrossRef]

Skoczylas, L.; Korus, A.; Tabaszewska, M.; Gedos, K.; Szczepariska, E. Evaluation of the quality of fresh and frozen wheatgrass
juices depending on the time of grass harvest. J. Food Process. Preserv. 2018, 42, e13401. [CrossRef]

Hebbani, A.V,; Bulle, S.; Kanu, V.R.; Balachandrababu Malini, A.; Reddy, V.D.; Chakravarthula, V.N. Nephro-protective activity of
wheatgrass juice against alcohol-induced oxidative damage in rats. Toxicol. Mech. Methods. 2020, 30, 679-686. [CrossRef]

Eissa, H.A.; Mohamed, S.S.; Hussein, A.M.S. Nutritional value and impact of wheatgrass juice (Green Blood Therapy) on
increasing fertility in male albino rats. Bull. Natl. Res. Cent. 2020, 44, 30. [CrossRef]

Rodriguez, F.C.; Gallagher, E.; Rai, D.K.; Burgess, C.M. Nutritional and physiochemical properties of wheatgrass juice and
preservation strategies. Food Chem. Adv. 2022, 1, 100136. [CrossRef]

Minocha, N.; Saini, S.; Pandey, P. Nutritional prospects of wheatgrass (Triticum aestivum) and its effects in treatment and
chemoprevention. Explor. Med. 2022, 3, 432-442. [CrossRef]

Tamraz, M.; Al Ghossaini, N.; Temraz, S. The role of wheatgrass in colorectal cancer: A review of the current evidence. Int. J. Mol.
Sci. 2024, 25, 5166. [CrossRef] [PubMed]

Antonic, T.; Stefanovic, A.; Gojkovic, T.; Vladimirov, S.; Spasojevic-Kalimanovska, V.; Kotur-Stevuljevic, J.; Bogavac-Stanojevic, N.;
Bajic, B. Antioxidant, anti-inflammatory, and anti-hyperlipidemic properties of the spelt grass juice. Hrana Ishrana 2021, 62, 28-36.
[CrossRef]

Dinu, M.; Whittaker, A.; Pagliai, G.; Benedettelli, S.; Sofi, F. Ancient wheat species and human health: Biochemical and clinical
implications. J. Nutr. Biochem. 2017, 52, 1-9. [CrossRef] [PubMed]

Abdullah, A.R.; Hapidin, H. Synergistic interaction between combination of existing therapy with polyphenols in several human
diseases: A review. |. Pharm. 2023, 3, 86—102. [CrossRef]

Hussain, A.; Gheewala, TM.; Vas, A.],; Shah, K.; Goala, P,; Khan, S.; Hinduja, S.; Sharma, C. Growth inhibitory and adjuvant
therapeutic potential of aqueous extract of Triticum aestivum on MCF-7 and HeLa cells. Exp. Onc. 2014, 36, 9-16.

Markovi¢, S. Biochemical Characterization of Selected Plant Species from the Genera Triticum, Avena and Triticosecale Under
Conditions of Heat Stress. Doctoral Dissertation, University of Kragujevac, Kragujevac, Serbia, 2021.

Wellburn, A.R,; Lichtenthaler, H. Formulae and program to determine total carotenoids and chlorophylls a and b of leaf extracts in
different solvents. In Advances in Photosynthesis Research; Sybesma, C., Ed.; Springer: Dordrecht, The Netherlands, 1984; Volume 3,
pp- 9-12.

Mikulic-Petkovsek, M.; Koron, D.; Rusjan, D. The impact of food processing on the phenolic content in products made from
juneberry Amelanchier lamarckii fruits. J. Food Sci. 2020, 85, 386-393. [CrossRef]

Mosmann, T. Rapid colorimetric assay for cellular growth and survival: Application to proliferation and cytotoxicity assays.
J. Immunol. Methods 1983, 65, 55-63. [CrossRef]

Simkin, A.J.; Kapoor, L.; Doss, C.G.P; Hofmann, T.A.; Lawson, T.; Ramamoorthy, S. The role of photosynthesis related pigments in
light harvesting, photoprotection and enhancement of photosynthetic yield in planta. Photosynth. Res. 2022, 152, 23-42. [CrossRef]
Adnane, E; Soliman, S.M.A; ElZayat, E.; Abdelsalam, E.M.; Fahmy, H.M. Evaluation of chlorophyll-loaded mesoporous silica
nanoparticles for photodynamic therapy on cancer cell lines. Lasers Med. Sci. 2024, 39, 45. [CrossRef] [PubMed]

Alexeree, S.; ElZorkany, H.E.; Abdel-Salam, Z.; Harith, M.A. A novel synthesis of a chlorophyll b-gold nanoconjugate used for
enhancing photodynamic therapy: In vitro study. Photodiagn. Photodyn. Ther. 2021, 35, 102444. [CrossRef] [PubMed]
Siebenhandl, S.; Grausgruber, H.; Pellegrini, N.; Del Rio, D.; Fogliano, V.; Pernice, R.; Berghofer, E. Phytochemical profile of main
antioxidants in different fractions of purple and blue wheat, and black barley. J. Agric. Food Chem. 2007, 55, 8541-8547. [CrossRef]
[PubMed]

Gawlik-Dziki, U.; Swieca, M.; Dziki, D. Comparison of phenolic acids profile and antioxidant potential of six varieties of spelt
(Triticum spelta L.). ]. Agric. Food Chem. 2012, 60, 4603-4612. [CrossRef]

Baraniski, M.; Lacko-Bartosovd, M.; Rembiatkowska, E.; Lacko-Barto$ova, L. The Effect of Species and Cultivation Year on Phenolic
Acids Content in Ancient Wheat. Agronomy 2020, 10, 673. [CrossRef]



Appl. Sci. 2025, 15,4917 16 of 16

28.

29.

30.

31.

32.

33.

34.

35.

36.

Amessis-Ouchemoukh, N.; Ouchemoukh, S.; Benchibane, T.; Hernanz, D.; Stinco, C.M.; Rodriguez-Pulido, EJ.; Heredia, EJ.;
Madani, K.; Luis, ]. Valorization of the whole grains of Triticum aestivum L. and Triticum vulgare L. through the investigation of
their biochemical composition and in vitro antioxidant, anti-inflammatory, anticancer and anticalpain activities. J. Cereal Sci. 2017,
75,278-285. [CrossRef]

Singh Tuli, H.; Kumar, A.; Ramniwas, S.; Coudhary, R.; Aggarwal, D.; Kumar, M.; Sharma, U.; Chaturvedi Parashar, N.; Haque, S.;
Sak, K. Ferulic acid: A natural phenol that inhibits neoplastic events through modulation of oncogenic signaling. Molecules 2022,
27,7653. [CrossRef]

Abotaleb, M.; Liskova, A.; Kubatka, P.; Biisselberg, D. Therapeutic potential of plant phenolic acids in the treatment of cancer.
Biomolecules 2020, 10, 221. [CrossRef]

Krzywik, J.; Mozga, W.; Aminpour, M.; Janczak, J.; Maj, E.; Wietrzyk, J.; Tuszynski, J.A.; Huczyniski, A. Synthesis, antiproliferative
activity and molecular docking studies of novel doubly modified colchicine amides and sulfonamides as anticancer agents.
Molecules 2020, 25, 1789. [CrossRef]

Rowles, J.L., 3rd; Erdman, J.W., Jr. Carotenoids and their role in cancer prevention. Biochim. Biophys. Acta Mol. Cell Biol. Lipids
2020, 1865, 158613. [CrossRef]

Ye, G.; Wang, L.; Yang, K.; Wang, C. Fucoxanthin may inhibit cervical cancer cell proliferation via downregulation of HISTIH3D.
J. Int. Med. Res. 2020, 48. [CrossRef] [PubMed]

Sundaram, M.K,; Haque, S.; Somvanshi, P.; Bhardwaj, T.; Hussain, A. Epigallocatechin gallate inhibits HeLa cells by modulation
of epigenetics and signaling pathways. 3 Biotech 2020, 10, 484. [CrossRef] [PubMed]

Ferruzzi, M.G.; Blakeslee, J. Digestion, absorption, and cancer preventative activity of dietary chlorophyll derivatives. Nutr. Res.
2007, 27, 1-12. [CrossRef]

Kaulmann, A.; Bohn, T. Carotenoids, inflammation, and oxidative stress—Implications of cellular signaling pathways and relation
to chronic disease prevention. Nutr. Res. 2014, 34, 907-929. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.



