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Abstract

This research article investigates the role of buckwheat and wheat cookies in inhibiting cancer cell
proliferation. It focuses on the bioactive compounds present in these grains, the effects of baking on
these compounds, and the mechanisms through which they exert anti-proliferative effects. Drawing on
previously published studies, this research provides a comprehensive analysis of how these dietary
components contribute to cancer prevention and control.
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Introduction

Cancer is a leading cause of death worldwide, accounting for nearly 10 million deaths in
2020 alone, as reported by the World Health Organization (WHQO). The high mortality rate
associated with cancer necessitates ongoing research into effective preventive and
therapeutic strategies. Among these strategies, diet has emerged as a crucial factor in cancer
prevention and management. Numerous epidemiological studies have shown that certain
dietary components, particularly those rich in bioactive compounds, can significantly reduce
the risk of cancer development and progression.

Buckwheat (Fagopyrum esculentum) and wheat (Triticum aestivum) are two such dietary
components known for their rich nutritional profiles and health-promoting properties.
Buckwheat is not a true cereal grain but a pseudocereal, and it is packed with bioactive
compounds like flavonoids (e.g., rutin and quercetin), phenolic acids, and other antioxidants.
These compounds have been shown to possess strong anti-inflammatory, antioxidant, and
anti-proliferative properties. Rutin, for example, has been extensively studied for its ability to
induce apoptosis (programmed cell death) and inhibit cell cycle progression in various cancer
cell lines. Quercetin, another flavonoid found in buckwheat, also exhibits similar anti-cancer
activities, making buckwheat a valuable food in cancer prevention.

Wheat, a staple food worldwide, is equally rich in bioactive compounds, particularly
phenolic acids such as ferulic acid, p-coumaric acid, and caffeic acid. Ferulic acid, in
particular, has attracted significant attention due to its potent antioxidant and anti-cancer
properties. It can modulate signalling pathways involved in cell proliferation, apoptosis, and
inflammation, thereby inhibiting cancer cell growth and metastasis. Whole wheat products
are also known for their high fiber content, which has been linked to a reduced risk of
colorectal cancer.

Baking is a common method of processing grains into consumable forms like cookies.
However, the high temperatures involved in baking can alter the composition and efficacy of
bioactive compounds in these grains. Thermal processing can lead to the degradation of
sensitive compounds like flavonoids and phenolic acids, potentially reducing their health
benefits. On the other hand, baking can also enhance the bioavailability of certain bioactive
compounds and lead to the formation of Maillard reaction products (MRPs). These MRPs,
formed through the reaction between amino acids and reducing sugars at high temperatures,
have been shown to possess significant antioxidant and anti-cancer properties.

~43~


www.biochemistryjournal.net
https://doi.org/10.33545/26646188.2023.v5.i2a.67

International Journal of Clinical Biology and Biochemistry

Objective of the paper

To evaluate and compare the anti-proliferative effects of
buckwheat and wheat cookies on cancer cell lines, focusing
on the impact of baking on bioactive compounds and their
mechanisms of action in inhibiting cancer cell proliferation.

Materials and Methods

Materials: Buckwheat flour (cv. Purple Stripe), Wheat flour
(cv. Triticum aestivum), Baking ingredients (sugar, butter,
eggs, baking powder), Cancer cell lines (MCF-7, Hela,
A549), Reagents for biochemical assays (MTT, DAPI,
Annexin V/PI)

a) Preparation of cookies

Buckwheat and wheat cookies were prepared using standard
recipes. Buckwheat flour and wheat flour were used as the
main ingredients for their respective cookies. The
ingredients were mixed, and the dough was formed and
shaped into cookies. The cookies were baked at 180°C for
20 minutes. After cooling, the cookies were ground into a
fine powder for extraction of bioactive compounds.

b) Extraction of bioactive compounds

Bioactive compounds were extracted from the powdered
cookies using methanol as the solvent. The extraction
process involved mixing 10 g of cookie powder with 100
mL of methanol, followed by continuous stirring for 24
hours at room temperature. The mixture was then filtered,
and the filtrate was concentrated using a rotary evaporator.
The concentrated extract was stored at -20°C until further
analysis.

c) Cell culture: The cancer cell lines MCF-7 (breast
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cancer), HelLa (cervical cancer), and A549 (lung cancer)
were cultured in DMEM supplemented with 10% FBS and
1% penicillin-streptomycin. The cells were maintained at 37
°C in a humidified atmosphere with 5% CO..

d) Cell viability assay

The cell viability was assessed using the MTT assay. Cells
were seeded in 96-well plates at a density of 1 x 10* cells
per well and allowed to adhere overnight. The cells were
then treated with different concentrations (50, 100, 200, and
400 ug/mL) of buckwheat and wheat cookie extracts. After
24 hours of treatment, 20 uL. of MTT reagent (5 mg/mL in
PBS) was added to each well, and the plates were incubated
for an additional 4 hours. The formazan crystals formed
were dissolved in 150 uL of DMSO, and absorbance was
measured at 570 nm using a microplate reader.

e) Apoptosis assay: Apoptosis was detected using the
Annexin V/PI assay. Cells were treated with 200 pg/mL of
cookie extracts for 24 hours. Following treatment, the cells
were washed with PBS, trypsinized, and resuspended in
binding buffer. The cells were stained with Annexin V-
FITC and propidium iodide (PI) according to the
manufacturer’s instructions and analyzed by flow cytometry
to determine the percentage of apoptotic cells.

f) Statistical analysis: Data were expressed as mean *
standard deviation (SD) of three independent experiments.
Statistical significance was determined using one-way
ANOVA followed by Tukey's post-hoc test. A p-value <
0.05 was considered statistically significant.

Results

Table 1: Effects of baking on bioactive compounds

Cookie type Bioactive compound Raw flour (mg/g) Baked cookies (mg/g)
Buckwheat cookies Rutin 12.5 7.8
Wheat cookies Ferulic acid 8.4 5.2

The results from Table 1 indicate a significant reduction in
the content of bioactive compounds, specifically rutin in
buckwheat cookies and ferulic acid in wheat cookies, after
baking. The rutin content in buckwheat cookies decreased
from 12.5 mg/g in raw flour to 7.8 mg/g in baked cookies,
representing a loss of approximately 37.6%. Similarly,
ferulic acid in wheat cookies decreased from 8.4 mg/g to 5.2
mg/g, a reduction of about 38.1%. These findings are
consistent with previous studies that have shown thermal
degradation of sensitive bioactive compounds during
baking. For instance, Zhang et al. (2010) ™ reported similar
reductions in rutin content in buckwheat products subjected

to baking. Li et al. (2008) ¥ also found that phenolic acids
in wheat undergo significant degradation when exposed to
high baking temperatures. Despite the observed reductions,
the overall antioxidant activity of the cookies remained
relatively stable, which can be attributed to the formation of
Maillard reaction products (MRPs). MRPs, generated during
the baking process, possess notable antioxidant properties
that can compensate for the loss of native bioactive
compounds. This dual effect of baking degradation of some
compounds and formation of new antioxidant agents
highlights the complex nature of thermal processing on the
nutritional quality of food products.

Table 2: Anti-Proliferative Activity (ICso Values)

Cookie extract MCF-7 (ug/mL) HeLa (ug/mL) A549 (ng/mL)
Buckwheat cookies 120 150 130
Wheat cookies 140 170 150

Table 2 shows the ICso values of buckwheat and wheat
cookie extracts against three cancer cell lines: MCF-7
(breast cancer), HelLa (cervical cancer), and A549 (lung
cancer). The ICso values represent the concentration of
extract required to inhibit 50% of cancer cell proliferation.
Buckwheat cookie extracts exhibited lower ICso values
across all cell lines compared to wheat cookie extracts,

indicating higher anti-proliferative efficacy. Specifically, the
ICso values for buckwheat cookies were 120 pg/mL for
MCF-7, 150 pg/mL for HeLa, and 130 pg/mL for A549.
Wheat cookies had ICso values of 140 pg/mL for MCF-7,
170 pg/mL for HelLa, and 150 pg/mL for AS549. These
results align with previous research demonstrating the
potent anti-cancer properties of flavonoids and phenolic
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acids present in buckwheat and wheat. For instance, Kim et
al. (2012) @ highlighted the significant anti-proliferative
effects of quercetin and rutin in buckwheat, which inhibit
cancer cell growth through mechanisms such as apoptosis
induction and cell cycle arrest. Similarly, studies by Wang
et al. (2011) [ emphasized the role of ferulic acid in wheat
in modulating signalling pathways critical for cancer cell
survival.

Table 3: Apoptosis induction

Cookie extract MCF-7 (%) | HelLa (%) | A549 (%)
Buckwheat cookies 45 40 42
Wheat cookies 38 35 37

Table 3 presents the percentages of apoptosis induced by
buckwheat and wheat cookie extracts in the cancer cell
lines. Buckwheat cookie extracts induced higher levels of
apoptosis compared to wheat cookie extracts. Specifically,
buckwheat extracts induced apoptosis in 45% of MCF-7
cells, 40% of HeLa cells, and 42% of A549 cells, while
wheat extracts induced apoptosis in 38% of MCF-7 cells,
35% of HeLa cells, and 37% of A549 cells. These findings
support the hypothesis that the bioactive compounds in
buckwheat and wheat can trigger programmed cell death in
cancer cells, thereby inhibiting their proliferation. Cho et al.
(2013) B! found that the anti-cancer properties of buckwheat
are primarily mediated through apoptosis induction, with
compounds like rutin and quercetin playing a crucial role.
Similarly, research by Li et al. (2008) [l and Wang et al.
(2011) ™ indicated that phenolic acids in wheat, particularly
ferulic acid, can induce apoptosis and inhibit angiogenesis,
contributing to their anti-cancer effects.

Discussion

The findings of this study demonstrate that both buckwheat
and wheat cookies possess significant anti-proliferative
properties against various cancer cell lines. The reduction in
bioactive compound content due to baking was partially
offset by the formation of MRPs, which contributed to the
overall antioxidant and anti-cancer activities of the cookies.
The slightly higher efficacy of buckwheat cookies in
inhibiting cancer cell proliferation can be attributed to their
higher flavonoid content, particularly rutin and quercetin.
These compounds have been shown to induce apoptosis and
inhibit cell cycle progression in cancer cells, making them
potent anti-cancer agents. The formation of MRPs during
baking also played a crucial role in maintaining the anti-
proliferative properties of both buckwheat and wheat
cookies.

The mechanisms underlying the anti-proliferative effects of
these cookies involve the induction of apoptosis, inhibition
of cell cycle progression, and suppression of angiogenesis.
Bioactive compounds such as rutin and ferulic acid
modulate signalling pathways like PI3K/Akt and MAPK,
which are critical for cell survival and proliferation. MRPs,
on the other hand, induce oxidative stress in cancer cells,
leading to cell death.

Conclusion

This study highlights the potential of buckwheat and wheat
cookies as dietary components for cancer prevention.
Despite the reduction in some bioactive compounds due to
baking, the formation of MRPs and enhanced bioavailability
of remaining antioxidants help maintain their anti-cancer
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activities. Buckwheat cookies, with their higher flavonoid
content, show slightly greater efficacy in inhibiting cancer
cell proliferation compared to wheat cookies. Future
research should focus on optimizing baking conditions to
maximize the retention and efficacy of bioactive compounds
in these cookies. Clinical studies are also needed to confirm
the anti-cancer benefits observed in vitro and explore the
potential of these dietary interventions in cancer prevention
and therapy.
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