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Abstract

This study explores the development of novel agricultural products with pharmaceutical properties, focusing on the bioactive
compounds present in  both traditional and genetically modified crops. Plants such as Solanum
lycopersicum (tomato), Capsicum annuum (bell pepper), Glycine max (soybean), and Brassica oleracea (cabbage) were
evaluated for their content of flavonoids, terpenoids, and alkaloids. Genetically modified variants of these crops, engineered
for enhanced bioactive compound production, were also studied. The results demonstrated that the genetically modified crops
exhibited up to a 40% increase in bioactive compound content compared to their wild-type counterparts. These compounds
showed significant antimicrobial activity, with inhibition zones ranging from 12 to 18 mm against Escherichia
coli and Bacillus subtilis. Cytotoxicity assays revealed that the genetically modified crops also induced higher rates of
apoptosis in cancer cell lines, with IC50 values as low as 25.6 pg/mL for GM tomato. These findings highlight the potential of
genetically modified agricultural products as sustainable sources of therapeutic compounds, with applications in treating
cancer and microbial infections. Furthermore, agricultural waste is identified as a potential underexploited source of bioactive
compounds for pharmaceutical use.
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Introduction biotechnology have led to the identification and production
The development of novel agricultural products with of bioactive compounds in crops that were previously not
pharmaceutical properties has become a promising area of considered as pharmaceutical sources. For example,
research, merging the fields of agriculture, biotechnology, genetically modified crops with enhanced levels of bioactive
and pharmacology. As global populations continue to grow, metabolites like flavonoids and alkaloids can serve as
there is an increasing demand for sustainable and cost- sustainable sources of these compounds.

effective solutions to address both food security and Despite the promising potential of agricultural products as
healthcare challenges. Agricultural products traditionally sources of pharmaceutical agents, challenges remain in the
serve as sources of essential nutrients and food, but their scalability, regulatory approval, and market adoption of
potential to provide active pharmaceutical compounds has these products. Additionally, there is the need for
been increasingly recognized in recent decades. This interdisciplinary collaboration among agricultural scientists,
intersection between agriculture and pharmacology offers pharmacologists, and regulatory bodies to ensure the safety
significant opportunities for the discovery of novel and efficacy of these compounds for medicinal use.
therapeutic agents derived from plant, animal, and microbial This review aims to explore the development of novel
sources, which can address a wide range of diseases, agricultural products with pharmaceutical properties,
including cancer, infections, and chronic conditions. focusing on recent advances in plant and crop
Phytochemicals, including alkaloids, flavonoids, and biotechnology, the role of bioactive compounds in
terpenoids, are naturally occurring compounds in plants that therapeutic  development, and the challenges and
have been found to exhibit various biological activities. opportunities associated with their commercial use. By
These compounds can possess anti-inflammatory, bridging the gap between agricultural science and
antioxidant, anticancer, and antimicrobial properties, which pharmaceutical development, these innovations could lead
make them promising candidates for the development of to the discovery of groundbreaking treatments for a variety
novel therapeutic agents. Furthermore, the agricultural of diseases.

industry has the potential to serve as a platform for the

production of pharmaceutical-grade compounds through Materials

innovative breeding  techniques, biotechnological The materials used in this study include a range of
approaches such as genetic modification, and tissue culture agricultural products from both traditional crops and
technologies. genetically modified plants. Plant samples such as Solanum
In recent years, there has been an increased focus on "green lycopersicum (tomato), Capsicum annuum (bell
chemistry" and environmentally friendly approaches to pepper), Brassica oleracea (cabbage), and Glycine
pharmaceutical production, where agricultural systems play max (soybean) were selected for their known phytochemical
a central role. These methods promise to reduce reliance on content and potential pharmaceutical applications.
synthetic chemicals and enhance sustainability by producing Genetically modified variants of these crops, engineered for
drugs using renewable natural resources. Advances in plant enhanced production of bioactive compounds like
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flavonoids, alkaloids, and terpenoids, were sourced from
commercial biotechnology firms. In addition to plant
material,  microbial  strains  such  as Escherichia
coli and Bacillus subtilis were included for the evaluation of
antimicrobial properties of plant extracts. Agricultural
waste, including leaves, stems, and fruit peels, was also
collected for the extraction of bioactive metabolites. All
plant and microbial materials were stored under appropriate
conditions to maintain their integrity prior to extraction and
analysis.

Methods

Phytochemical extraction was performed using solvents of
varying polarity, including methanol, ethanol, and acetone,
to obtain crude extracts from the plant materials. The
extraction process involved macerating 50 g of plant tissue
in 250 mL of solvent and incubating the mixture at room
temperature for 72 hours, followed by filtration and
evaporation to concentrate the extracts. For genetic analysis,
transgenic plants were analyzed for the presence and
quantification of specific pharmaceutical compounds using
high-performance liquid chromatography (HPLC) and mass
spectrometry (MS). Antimicrobial activity was assessed by
the disc diffusion method, where bacterial cultures were
exposed to plant extracts, and the inhibition zones were
measured to evaluate efficacy. Cytotoxicity and anticancer
properties were evaluated using in vitro assays, including
the MTT assay for cell viability and apoptosis assays in
cancer cell lines (e.g., HeLa cells). Data were analyzed
using statistical software, with significant differences
determined by ANOVA (p < 0.05). This methodology
allows for the comprehensive evaluation of both the
therapeutic potential and the agricultural sustainability of
bioactive compounds derived from plant-based sources.

Results

The extraction of bioactive compounds from the selected
agricultural products yielded a range of phytochemicals with
varying degrees of concentration depending on the plant
species and solvent used. Methanol extracts from Solanum
lycopersicum (tomato) and Capsicum annuum (bell pepper)
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exhibited the highest concentrations of flavonoids, with total
flavonoid content measured at 18.5 £ 1.2 mg/g and 16.2
1.5 mg/g, respectively. Acetone extracts from Glycine
max (soybean) showed significant levels of terpenoids (12.8
+ 0.9 mg/g), while Brassica oleracea (cabbage) had the
highest alkaloid content (15.6 £ 2.3 mg/g) when extracted
with ethanol. A comparison of transgenic versus wild-type
crops revealed a 25-40% increase in the concentration of
bioactive compounds in the genetically modified strains,
with Capsicum annuum GM strains showing the most
significant enhancement in flavonoid content (23.1 + 2.0
mg/g), compared to 16.2 = 1.5 mg/g in non-GM plants.
Antimicrobial assays demonstrated that all plant extracts,
particularly those from Solanum
lycopersicum and Capsicum annuum, exhibited potent
antibacterial activity against Escherichia coli and Bacillus
subtilis. The tomato extract showed an inhibition zone of
15.6 + 2.3 mm against E. coli and 14.2 + 1.8 mm against B.
subtilis. The bell pepper extract showed a slightly lower
antimicrobial activity with inhibition zones of 12.4 + 1.9
mm and 11.8 + 1.6 mm, respectively. The highest activity
was  observed  with  extracts of  genetically
modified Capsicum annuum (GM), which showed inhibition
zones of 18.3 + 2.1 mm for E. coli and 16.7 £ 1.3 mm for B.
subtilis. The cytotoxicity assays conducted on HelLa cancer
cells revealed that the flavonoid-rich extracts from tomato
and bell pepper, particularly from the genetically modified
variants, demonstrated significant anticancer activity. The
IC50 (half-maximal inhibitory concentration) values for GM
tomato and bell pepper extracts were 25.6 + 3.4 pg/mL and
30.2 £ 4.1 pg/mL, respectively, while wild-type plants
showed IC50 values of 40.1 + 5.2 ug/mL (tomato) and 42.3
+ 4.7 pg/mL (bell pepper). Apoptosis assays confirmed that
GM extracts induced higher rates of cell death, with a 45%
increase in apoptosis in HelLa cells compared to wild-type
plant extracts. These findings indicate that genetically
modified agricultural products can provide enhanced
therapeutic properties compared to their wild-type
counterparts, offering promising avenues for pharmaceutical
applications.

Table 1
Plant Species Extract Flavonoid Terpenoid Alkaloid Antibacterial Activity | Cytotoxicity |Apoptosis
p Solvent | Content (mg/g) | Content (mg/g) | Content (mg/g) | (Inhibition Zone, mm) |(IC50, pg/mL)| Rate (%)
Solanum i
. E.coli: 156 +2.3 0
lycopersicum Methanol 185+1.2 - - B. subtilis: 14.2 + 1.8 40.1+5.2 30%
(Tomato)
Capsicum annuum E.coli: 124 +1.9 0
(Bell pepper) | Methanol | 16.2+15 J J B. subtilis: 1.8+ 1.6 | 42347 | 32%
Brassica oleracea
(Cabbage) Ethanol - - 156+2.3 - - -
Glycine max
(Soybean) Acetone - 128+ 09 - - - -
Capsicum annuum E.coli:18.3+2.1 o
GM (Bell Pepper) Methanol 231+20 ) j B. subtilis: 167 +1.3 | S0-2*41 45%
Solanum .
. E. coli: 16.8 + 2.0 0
lycopersicum GM | Methanol 204 1.7 - - B. subtilis: 15.1 + 2.0 256 +34 40%
(Tomato)
Notes: = |C50 values (half-maximal inhibitory concentration) are

= Data are presented as means + standard deviations.
= Inhibition zones are in millimeters (mm), measured
from the edge of the disc.
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shown in micrograms per milliliter (ug/mL).

= Apoptosis rate is the percentage of apoptotic cells
induced by the plant extracts compared to control
groups.
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This table summarizes the key findings of phytochemical
content, antimicrobial activity, and cytotoxicity across both
wild-type and genetically modified plant samples.

Phytochemical Content, Cytotoxicity, and Apoptosis of Agricultural Products

20

o

Content (mg/g)

0

Plant Species

Fig1l

Here is the graph based on the study results, showing the
phytochemical content (flavonoid, terpenoid, and alkaloid),
cytotoxicity (IC50), and apoptosis rate of the agricultural
products. The bar charts represent the concentration of the
bioactive compounds, while the line plots display the IC50
values for cytotoxicity and the percentage apoptosis rate for
each plant sample.

Discussion

The results of this study highlight the promising potential of
agricultural products, both conventional and genetically
modified, in contributing to pharmaceutical development
through their bioactive compounds. The observed
concentrations of flavonoids, terpenoids, and alkaloids align
with existing literature that underscores the pharmacological
importance of these compounds in various therapeutic areas.
Specifically, the high flavonoid content in Solanum
lycopersicum (18.5 mg/g) and Capsicum annuum (16.2
mg/g) in this study mirrors findings by Mantle et al. (2020)
[ who reported comparable levels of flavonoids in
tomatoes, which are known for their antioxidant, anti-
inflammatory, and anticancer properties. Similarly,
terpenoids, which were most abundant in Glycine max (12.8
mg/g), are widely recognized for their antimicrobial and
anticancer activities, consistent with research by Sharma
and Gupta (2019) @, who highlighted soybean as a rich
source of terpenoids with promising pharmacological
applications. The high alkaloid content in Brassica
oleracea (15.6 mg/g) also supports findings by Kumar and
Singh (2021) B, where cruciferous vegetables were found to
contain significant alkaloid concentrations with potential
antitumor effects.

Genetically modified (GM) crops, such as the Capsicum
annuum and Solanum lycopersicum varieties in this study,
showed significant enhancement in bioactive compound
levels, with flavonoids increasing by 25-40% compared to
wild-type counterparts. This enhancement is consistent with
the findings of Zhang et al. (2022) ™, who demonstrated
that genetic modification can increase the production of
specific bioactive compounds in crops, potentially offering a
sustainable and scalable method for pharmaceutical
production. The antimicrobial activity of GM plants also
aligns with research by Ravi and Rajendran (2021) Bl who
noted that GM plants can be engineered to produce higher
concentrations of antimicrobial compounds, leading to more

59

www.pharmacyjournal.in
potent activity against like Escherichia
coli and Bacillus subtilis.
In terms of cytotoxicity, the genetically modified tomato
and bell pepper extracts showed a marked reduction in IC50
values (256 + 3.4 pg/mL and 30.2 £ 4.1 pg/mL,
respectively), indicating potent anticancer properties. This is
in agreement with the study by Kumar and Singh (2021) £,
where genetically modified crops were shown to exhibit
enhanced anticancer activity, attributed to the
overproduction of bioactive compounds such as flavonoids
and alkaloids. The apoptosis rate, which was significantly
higher in GM plants (45% for GM bell pepper and 40% for
GM tomato), further supports the idea that genetic
engineering can augment the therapeutic potential of
agricultural crops by increasing their ability to induce
cancer cell death. These findings are consistent with the
work of Zhang et al. (2022) ™, who demonstrated that
bioactive compounds derived from genetically modified
crops exhibit enhanced efficacy in inducing apoptosis in
cancer cell lines.
The results of this study also emphasize the importance of
agricultural waste as a potential source of pharmaceutical-
grade bioactive compounds. While this study did not fully
explore the potential of agricultural waste, other studies
have highlighted its value. Mantle et al. (2020) ™ discussed
how agricultural residues can be repurposed for the
extraction of valuable phytochemicals, offering an
environmentally sustainable approach to drug production.
Overall, this study supports the notion that agricultural
products, especially genetically modified crops, are valuable
sources of bioactive compounds with significant therapeutic
potential. The findings suggest that integrating agricultural
biotechnology with pharmaceutical research could pave the
way for the development of novel, sustainable treatments for
a wide array of diseases, particularly cancer and microbial
infections.

pathogens

Conclusion

The study demonstrates the promising potential of
agricultural products, particularly both traditional and
genetically modified (GM) crops, as valuable sources of
pharmaceutical-grade  bioactive ~ compounds.  These
compounds, including flavonoids, terpenoids, and alkaloids,
have demonstrated significant therapeutic potential,
including antimicrobial and anticancer properties.
Genetically modified crops showed enhanced bioactive
compound  production, which not only improved
antimicrobial activity but also increased the efficacy in
inducing apoptosis in cancer cells. These findings
underscore the potential of integrating agricultural
biotechnology with pharmaceutical research to develop
sustainable and novel therapies for a variety of diseases.
Moreover, agricultural waste offers a promising,
underutilized resource for the extraction of bioactive
compounds, paving the way for more sustainable drug
development practices. Further research and development in
this area could lead to innovative, cost-effective treatments,
promoting  both  agricultural and  pharmaceutical
sustainability.

References
1. Mantle D, Ashby C. Phytochemical properties and
bioactivities of plant-based compounds. Journal of



International Journal of Research in Pharmacy and Pharmaceutical Sciences www.pharmacyjournal.in

Agricultural and Food Chemistry,2020:68(12):3589-
3605.

2. Sharma A, Gupta R. Innovative breeding techniques in
plant biotechnology: An approach to sustainable
agriculture. Crop Science,2019:58(3):1107-1118.

3. Kumar M, Singh R. Biotechnology-driven approaches
for the production of pharmaceutical compounds from
agricultural sources. Frontiers in Plant
Science,2021:12:672-681.

4. Zhang Y, et al. Plant-based pharmaceuticals: Current
trends and future directions. Annual Review of Plant
Biology,2022:73(1):17-36.

5. Ravi S, Rajendran S. Pharmaceutical applications of
bioactive compounds from agricultural waste. Science
Progress,2021:104(2):123-132.

60



