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Abstract
Asparagus species have long been utilized in folk medicine for its therapeutic properties, including
antioxidant, immunostimulant, antihepatotoxic, anticancer, anti-inflammatory and antimicrobial
properties. Asparagus sprengeri R. is one among them, which is primarily used as an ornamental plant in
landscaping. Besides, it also offers curative benefits owing to its strong phytochemical profile. The
synthesis of secondary metabolite in plants is influenced by a variety of factors primarily genetic and
environmental conditions. This study aimed to screen the phytochemicals in the aerial extracts of
A. sprengeri grown under two distinct agroecological regimes-open field and intercropped condition using
gas chromatography-mass spectrometry (GC-MS), while also validating its medicinal potential. The
GC-MS profile revealed that A. sprengeri cultivated in open field cultivation produced typical phytochemical
compounds such as vitamin E, phytol and -tocopherol. In contrast, intercropping with Pimenta dioica
enhanced the growth performance and phytochemical content of A. sprengeri, with higher concentrations
of compounds like vitamin E, 2-methoxy-4-vinylphenol and benzoic acid. Additionally, novel metabolites
such as eugenol, pinene and spirostanoids were identified, known for their potent biological properties.
These improvements could be attributed to factors such as shaded environment, production of
allelochemicals, enhanced nutrient uptake and the activation of plant’s defence mechanism. Synthesis of
these novel compounds in an ornamental herb like A. sprengeri, influenced by diverse agroecological
conditions, holds the potential to mark a significant advancement in the field of drug development. Given
the increasing reliance on herbal remedies, further exploration of these mechanisms and interconnected
applications may lead to the discovery of therapeutic agents with diverse pharmacological significance.
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1. Introduction

For thousands of years, various cultures have relied on herbs and
plants to treat illnesses and preserve health. Many of the drugs used
in contemporary medicine are derived from these plant sources
(Kadhim and Salah, 2014). Similarly, numerous flowers and
ornamental plants, much like medicinal plants, possess significant
medicinal properties that extends beyond their primary role in
aesthetics and decorations, owing to the notable concentration of
their bioactive compounds (Coyago-Cruz et al., 2023;
Deepikakrishnaveni et al., 2024). While certain plants have undergone
scientific investigations to confirm their therapeutic benefits, many
remain largely unexplored (Mirunalini et al., 2024). Thus,
comprehensive scientific studies are necessary to validate the
medicinal potential of these traditionally used plants and to bridge
the gap between folk medicine and scientific understanding (Deka et
al., 2021).

Asparagus sprengeri  R., an ornamental fern in the Liliaceae family,
is widely admired for its lush foliage and aesthetic appeal. It belongs
to the genus Asparagus, which comprises around 300 herbaceous
species, many of which are recognized for their pharmacological
properties and diverse ethnopharmacological applications (Asma et
al., 2018). Related species within this genus are not only used as a
nutritious food supplement, but are also highly valued for their
medicinal properties, largely attributed to their rich phytochemical
composition (Pegiou et al., 2019). For instance, A. officinalis is a
potent cardiac sedative used in the treatment of kidney stones, urinary
issues, schistosomiasis and tuberculosis. Similarly, A. racemosus
are useful in treating diseases such as dysentery, biliousness, leprosy,
epilepsy and jaundice, while A. filicinus serves as a vermifuge (Negi
et al., 2010). Additionally, the roots of various Asparagus species
are known to promote fertility, reduce menstrual cramping and
increases milk production in nursing mothers (Rajni et al., 2023).
The medicinal potential of Asparagus species is largely attributed to
their diverse bioactive compounds including lignans, triterpenes,
flavonoids, hydroxycinnamic acids and steroidal saponins. These
compounds contribute to the genus’s notable antibacterial,
antioxidant, immunostimulant, antihepatotoxic, anticancer, anti-
inflammatory and antimicrobial properties (Negi et al., 2010;
Srivastava et al., 2018). In folk medicine, various Asparagus species
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have long been utilized to treat ailments such as diabetes,
inflammation, arthritis and rheumatism (Sobhy et al., 2024).

Previous studies on A. sprengeri have identified its key phyto-
chemical constituents as spirostanol saponins, apigenin, naringenin,
myristic acid and linoleic acid, particularly when grown under shade
nets-a commercial method of cultivation (Hassan et al., 2014; Sharma
et al., 1983). The phytochemical profile of a plant is determined by
a range of factors, with the primary influences being its genetic
makeup, environmental conditions and cultivation practices
(Mohammadi Bazargani et al., 2021). A. sprengeri thrives well in
environments with indirect sunlight and partial shade (Gilman et al.,
2018). However, for small and marginal farmers, open-field cultivation
and intercropping systems offer more economical alternatives to
shade net cultivation, which requires significant initial investment
and periodic maintenance (Kulkarni et al., 2024; Maitra et al., 2021).
Both systems provide notable advantages over shade net cultivation
by optimizing natural resources utilization and reducing costs
(Chacha et al., 2023). Intercropping, in particular, has been shown
to enhance yield, improves soil health and promote better land
utilization (Sabarivasan et al., 2024).  Additionally, plants cultivated
under open field and intercropping systems have demonstrated
enhanced pharmacological benefits, as these systems influence the
concentration of bioactive compounds, potentially leading to more
effective herbal remedies (Licata et al., 2022).

Hence, this study aimed to analyse the bioactive compounds present
in the aerial parts of A. sprengeri cultivated under two distinct
agroecological conditions, i.e., open field and intercropping condition,

using gas chromatography-mass spectrometry (GC-MS) technique.
Furthermore, it sought to explore the plant’s pharmacological and
therapeutic potential, emphasizing its relevance for drug development
and medicinal research.

2. Materials and Methods
The study was conducted at the main farm of Horticultural Research
Station, Tamil Nadu Agricultural University (TNAU), located in
Pechiparai (8°26’N latitude, 77°19’E longitude and an elevation of
76 m above MSL), Kanyakumari District, Tamil Nadu during 2024.
Following the Good Agricultural Practices, the seedlings were planted
and cultivated as a sole crop under open field condition with enough
sunlight and also as an intercrop under Allspice (Pimenta dioica (L.)
Merr.) tree having partial shade.

2.1 Plant material and authentication

The A. sprengeri utilized in this study were procured from the farm
unit of Department of Horticulture, V.O.C. Agricultural College and
Research Institute, Killikulam, Tuticorin, Tamil Nadu. Well-
established seedlings from the superior performing lines were chosen
for planting and cultivation.

Regarding plant authentication, the specimen was botanically
identified and verified by Dr. M. Johnson, Curator, Centre for Plant
Biotechnology, St. Xavier’s College, Palayamkottai, Tirunelveli, Tamil
Nadu. Also, herbarium was deposited and preserved in Centre for
Plant Biotechnology Herbarium (Indexed on 2022), St. Xavier’s
College, Palayamkottai, Tirunelveli with Voucher Specimen Number
SXC-CPBH-5481 for future reference.

Figure 1: Morphological appearance of A. sprengeri.
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2.2 Cultivar description

A. sprengeri is a hardy, evergreen perennial herb characterized by its
fine texture and upright, spreading growth habit. It can grow up to
24 inches in height and spread 4 feet wide. It features small, scale-
like, needle-like leaves (cladophylls), giving it a feathery appearance
as shown in Figure 1. Cladophylls are tiny, slender and flattened
structures with a bright green colour, occurring singly or in clusters
of three or more at a node.The plant’s stems arise from the ground
and gradually turn woody and spiny. This drought-resistant plant
produces small, fragrant, white or pinkish star-shaped flowers, which
are followed by bright red, non-edible berries. It possesses an
extensive root system with relatively large tubers.

2.3 Metabolite extraction

After five months of cultivation under open-field and intercropped
agroecological conditions, the cladodes of A. sprengeri were harvested,
shade-dried and ground into a fine powder using a blender. For
extraction, 50 mg of the powdered cladodes were mixed with 1.5 ml of
methanol as the solvent. The mixture was subjected to overnight shaking
at 70 rpm to ensure efficient extraction. The resulting supernatant was
carefully transferred into a 2 ml Eppendorf tube and dried completely
at 55°C using a speed vacuum microcentrifuge. The dried residues
were then reconstituted in 500 l of 50% HPLC-grade methanol and
filtered into a 2 ml vial equipped with a 500 l conical insert. The
filtered extracts were stored until further GC-MS analysis.

Figure 2: Chromatogram of A. sprengeri grown in open field condition.
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Table 1: Phytochemical profile of A. sprengeri grown under open field condition

S. No. Compounds Retention time (min) Peak area (%)

1 Vitamin E 20.418 20.63

2 Phytol 14.0633 6.74

3 2-Methoxy-4-vinylphenol 8.0863 6.21

4 -Tocopherol 19.707 6.02

5 d-Glycero-d-ido-heptose 9.375 5.33

6 9,12-Octadecadienoic acid (Z,Z)-, 2-hydroxy-1-(hydroxymethyl)ethyl ester 17.3073 4.56

7 2',4'-Dimethoxyacetophenone 10.2304 3.84

8 Glycerol 1-palmitate 16.3741 3.58

9 3-Trifluoromethylbenzoic acid, undec-2-enyl ester 12.2635 3.1

1 0 Benzoic acid, 4-ethoxy-, benzoic acid, ethyl ester 9.9416 2.57

1 1 Esculin 12.7301 2.29

1 2 -Sitosterol 22.6955 2.15

1 3 Phenol, 2-methoxy-3-(2-propenyl)- 8.464 2.07

1 4 Benzofuran, 2,3-dihydro- 7.1197 1.81

1 5 Benzenepropanoic acid, 2,5-dimethoxy- 13.3411 1.69

1 6 3,4-Dihydroisoquinoline, 1-[3-hydroxybenzyl]-6methoxy- 17.1073 1.68

1 7 9,12,15-Octadecatrienoic acid, 2,3-dihydroxypropyl ester, (Z,Z,Z)- 14.241 1.48

1 8 3,4-dimethyl-5-(3,4-methylenedioxy)phenyloxazolidine 11.1081 1.19

1 9 Diethyl phthalate 10.4526 1.18

2 0 17-(1,5-Dimethylhexyl)-10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14, 20.5069 1.17
15,16,17-tetradecahydro1H-cyclopenta[a]phenanthren-3-ol

2 1 Daphnetin 12.0524 1.13

2 2 Glycerin 4.5423 1.11

2 3 4,4,5,8-Tetramethylchroman-2-ol 10.9859 1.01

2 4 4-((1E)-3-Hydroxy-1-propenyl)-2-methoxyphenol 11.6191 0.82

2 5 Squalene 17.9739 0.78

2 6 Diphenyl sulfone 13.0301 0.77

2 7 n-Hexadecanoic acid 13.0856 0.7

2 8 2-Propanamine, 2-methyl-N-(phenylmethylene)-, Noxide 11.0414 0.69

2 9 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 6.4198 0.64

3 0 Tetraacetyl-d-xylonic nitrile 9.686 0.61

3 1 1,2-Dimethoxy-4-n-propylbenzene 9.5194 0.58

3 2 1-Cyclopentyl-2-propen-1-ol 4.7533 0.57

3 3 Phenol, 4-(2-propenyl)- 7.4641 0.57

3 4 Octadecanoic acid, 2,3-dihydroxypropyl ester 17.4406 0.57

3 5 d-Mannose 10.7526 0.53

3 6 Pyrimidine, 2-[4-(2-methoxyphenyl)-1-piperazinyl]4,6-dimethyl- 17.5295 0.51
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2.4 GC-MS analysis

The GC-MS system, integrated with a Perkin Elmer turbo matrix 150
thermal desorber (USA), was operatedat a 10:1 split ratio with helium
as the carrier gas at 20 psi. The oven temperature gradually increased
from 50°C to 250°C at a rate of 10°C per min. Mass spectrometry
was performed in positive ion mode with electron impact ionization
at 70 eV, utilizing a DB-5 column (30 m x 0.25 mm, 0.25 µm film
thickness).

The solvent-free samples obtained from both agroecological
conditions were reconstituted in HPLC-grade methanol for analysis.
Gas chromatography (GC) coupled with mass spectrometry (MS)
(Agilent GC 7890A/MS 5975C) was employed for the analysis. The
column temperature was initially maintained at 60°C for 1.36 min,

then ramped to 325°C and held for 23 min. The injector temperature
was set to 280°C with a split ratio of 100:1, and an injection volume
of 1 µl was used. Helium was employed as the carrier gas, set at a
flow rate of 1 ml/min, with a total analysis time of 23 min. Mass
spectra were recorded over a range of m/z 50 to 350.

2.5 GC-MS data interpretation

Compound identification was done by comparing the obtained mass
spectra with existing entries in the NIST (National Institute of
Standards and Technology) mass spectral database. Quantification
of the commonly detected compounds in both open field and
intercropped samples was carried out using GC-MS, with
concentrations determined by the peak area percentage in the
respective chromatograms.

Figure 3: Chromatogram of A. sprengeri grown under intercropping condition.
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Table 2: Phytochemical profile of A. sprengeri cultivated as an intercrop under Allspice

S. No. Compounds Retention time (min) Peak area (%)

1 Vitamin E 20.418 26.25

2 2-Methoxy-4-vinylphenol 8.0862 7.26

3 Phytol 14.063 6.68

4 Benzoic acid, 4-ethoxy-, ethyl ester 9.9415 4.51

5 3',5'-Dimethoxyacetophenone 10.23 3.97

6 -Tocopherol 19.707 3.97

7 Linolenic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester (Z,Z,Z)- 17.352 3.36

8 Eugenol 8.4639 3.02

9 3-Hydroxy-N-methylphenethylamine 11.041 2.98

1 0 3,4-dimethyl-5-(3,4-methylenedioxy)phenyloxazolidine 11.108 2.62

1 1 3,4-Dihydroisoquinoline, 1-[3-hydroxybenzyl]-6methoxy- 17.107 2.56

1 2 Phenylephrine 10.953 2.2

1 3 Glycerol 1-palmitate 16.374 2.12

1 4 Diphenyl sulfone 13.03 1.82

1 5 Phytol, acetate 12.264 1.81

1 6 Cholesterol 20.496 1.56

1 7 -Sitosterol 22.684 1.49

1 8 Pyrimidine, 2-[4-(2-methoxyphenyl)-1-piperazinyl]4,6-dimethyl- 17.518 1.45

1 9 3-Phenylbicyclo(3.2.2)nona-3,6-dien-2-one 13.352 1.13

2 0 Daphnetin 12.052 1.07

2 1 Esculin 12.719 1.02

2 2 d-Mannose 9.1528 0.85

2 3 Phenol, 4-(2-propenyl)- 7.4641 0.82

2 4 Benzofuran, 2,3-dihydro- 7.1197 0.76

2 5 2'-Ethylpropiophenone 8.5195 0.73

2 6 1,2-Dimethoxy-4-n-propylbenzene 9.5194 0.67

2 7 -Pinene 4.7533 0.57

2 8 1,3,6-Trioxa-2-silacyclooctane, 2,2,-dimethylsilyl- 7.3085 0.57

2 9 Octadecane, 3-ethyl-5-(2-ethylbutyl)- 18.485 0.57

3 0 Diglycerol 4.4867 0.49

3 1 Stigmasterol 21.918 0.48

3 2 Benzoic acid, ethyl ester 6.7086 0.46

3 3 2,3-Dimethylquinolin-4(1H)-one 11.375 0.46

3 4 4-((1E)-3-Hydroxy-1-propenyl)-2-methoxyphenol 11.619 0.45

3 5 Supraene 17.974 0.45

3 6 (R)-(+)-1-Phenyl-1-propanol 6.5198 0.43

3 7 Spiro[oxirane-2,1'(1’H)-indene], 2',3',3’a,4',7',7’ahexahydro-5'-acetyl-2',3',3’ 12.8078 0.34
a,7'-tetrahydroxy-4carboxy-, 3,4-lactone
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3. Results

GC-MS analysis of samples from both open-field and intercropping
conditions of A. sprengeri revealed a diverse array of bioactive
compounds and phytoconstituents. The identification and confirma-
tion of these phytochemicals were carried out through the assessment
of peak areas and the distinctive properties of the detected metabolites.
GC-MS analysis of aerial parts of A. sprengeri revealed that cultivation
under intercropping conditions recorded a higher peak area and
retention time compared to open-field cultivation. Additionally, a
diverse range of phytochemicals with significant biological properties
exhibited variation across both agroclimatic conditions.

3.1 Open field agroecological condition

The chromatogram displayed in Figure 2 exposes peaks of various
compounds documented in the GC-MS screening of A. sprengeri when
cultivated as a sole crop in open field condition. Major phytochemical
compounds in this environment includes vitamin E, phytol, 2-
methoxy-4-vinylphenol, -tocopherol, d-glycero-d-ido-heptose,
9,12-octadecadienoic acid (Z,Z)-, 2-hydroxy-1-(hydroxymethyl)
ethyl ester, 2',4'-dimethoxyacetophenone and glycerol 1-palmitate.
These compounds had peak areas of 20.63%, 6.74%, 6.21%, 6.02%,
5.33%, 4.56%, 3.84% and 3.58%, respectively. Together, they
account for nearly half of the phytochemical profile. An overview of
all the secondary metabolites screened, including their peak areas
(%) and retention time, is provided in Table 1.

3.2 Intercropping agroecological condition

The growth performance of A. sprengeri was found to be superior
when intercropped with Allspice (P. dioica) compared to its cultivation

under open field conditions and the same trend was observed in its
phytochemical profile. Enormous compounds and their peaks were
recorded in the chromatogram of A. sprengeri cultivated as an intercrop
with P. dioica (Figure 3). The principle bioactive compounds
identified in A. sprengeri grown in this system include vitamin E
(26.25%), 2-methoxy-4-vinylphenol (7.26%), phytol (6.68%),
benzoic acid, 4-ethoxy-, ethyl ester (4.51%), 3',5'-dimethoxyace-
tophenone (3.97%), -Tocopherol (3.97%), linolenic acid, 2-hydroxy-
1-(hydroxymethyl)ethyl ester (Z, Z, Z) - (3.36%) and eugenol
(3.02%). A list of primary phytochemical compounds that make up
significant proportions of A.sprengeri grown in this system is shown
in Table 2.

Several compounds detected in the aerial parts of A. sprengeri through
GC-MS analysis were found to be common across both agroecological
regimes:open field and intercropped condition. These compounds
highlight their importance as essential and characteristics constituents
of A. sprengeri regardless of the cultivation method. These phyto-
chemicals, along with their pharmacological properties, are listed in
Table 3. Among them, bioactive compounds such as vitamin E, 2-
methoxy-4-vinylphenol, benzoic acid, 4-ethoxy-, ethyl ester,
diphenyl sulfone and phytol, acetate were present in higher
proportions in A. sprengeri grown as an intercrop with Allspice. In
contrast, metabolites such as phytol, -tocopherol, d-glycero-d-ido-
heptose, glycerol 1-palmitate and -sitosterol were found in greater
amounts when A. sprengeri was cultivated as a sole crop under open
field agroecological conditions.

Table 3: Common bioactive compounds in A. sprengeri grown in both agroecological conditions and their pharmacological significance

Peak area (%)

S. No. Compounds Molecular Inter- O pe n Pharmacological Reference
we ig ht cropping fie ld properties
(g/mol) condition condition

1 Vitamin E 430.7 26.25 20.63 Antioxidant, anti-inflammatory, Mohd Zaffarin et al.,
neuroprotection, cardiovascular, 2020
skin and bone health

2 2-Methoxy-4- 150.17 7.26 6.21 Anti-cancerous Luo et al., 2021
vinylphenol

3 Phytol 296.5 6.68 6.74 Anti-inflammatory, antiarthritic, Carvalho et al., 2020
antihyperalgesic

4 Benzoic acid, 194.23 4.51 2.57 Antimycobacterial Pais et al., 2022
4-ethoxy-,
ethyl ester

5 -Tocopherol 416.7 3.97 6.02 Antioxidant, anti-inflammatory Jiang et al., 2022

6 d-Glycero-d-ido 210.18 0.28 5.33 Antibacterial, antifungal, antitumor, Guo et al., 2021
-heptose pain relief activities

7 Glycerol 1-palmitate 330.5 2.12 3.58 Immunomodulatory Geng et al., 2023

8 Diphenyl sulfone 218.27 1.82 0.77 Anti-inflammation Duan et al., 2019

9 Phytol, acetate 338.6 1.81 0.42 Antimicrobial, antioxidant Kether et al., 2012

1 0 -Sitosterol 414.7 1.49 2.15 Antidiabetic Balamurugan et al., 2011
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4. Discussion

This study revealed a distinct variation in the metabolite composition
of A. sprengeri between intercropped and open-field cultivation.
The intercropping system exhibited a higher peak area percentage,
an elevated synthesis of secondary metabolites. This enhancement
may be primarily attributed to the ability of plants to produce
specialized bioactive compounds, known as allelochemicals, which
interact with the environment and exert both beneficial and adverse
effects (Maitra et al., 2021). This is further supported by the
production of secondary metabolites particularly eugenol, 1-octen-
3-ol, linolenic acid and -pinene in A. sprengeri when cultivated as
an intercrop under Allspice (P. dioica), as they are known to be key
phytochemicals in chemo-profile of P. dioica (ALrashidi et al., 2022;
Padmakumari et al., 2011; Youssef et al., 2021). This response is
likely a result of the plant’s defence mechanism, as A. sprengeri
interacts with P. dioica. This finding is similar to results reported by
(Fyie et al., 2024), where wheat crop produced more fatty acyls and
organooxygen compounds when intercropped with sunflower, but
not when monocropped. Besides, intercropping improves soil
nutrients, leading to better nutrient uptake essential for growth and
phytochemical production (Bai et al., 2022; Vasantharaj et al., 2024).
Furthermore, shade imparted by P. dioica might affect the
phytochemical profile of A. sprengeri cultivated beneath (Bai et al.,
2022). Moreover, P. dioica has a rich phytochemical profile and has
been utilized in various biological applications and drug development
(Khalid and Dharmackan, 2024). It contains phytochemicals such as
eugenol and gallic acid, which contribute to its antimicrobial,
antioxidant, anti-inflammatory and analgesic effects (Rao et al., 2012).
It is traditionally used to alleviate digestive issues, menstrual cramps
and respiratory symptoms. Its extracts have shown potential in
managing hypertension and possess anticancer properties.
Additionally, it is utilized in perfumery and as a natural pesticide
(Zhang and Bal, 2012). These multifaceted applications underscore
its significance in both traditional medicine and contemporary
research, highlighting its potential for further pharmacological
exploration.

Pharmacological and therapeutic applications of few medically
important compounds present in the A. sprengeri are discussed
further. Vitamin E, a predominant metabolite in any plant sources,
serves as the primary lipid-soluble antioxidant abundantly distributed
in body tissues (Zingg, 2015). 2-methoxy-4-vinylphenol (2M4VP)
exhibited anticancer effects on pancreatic cancer cell lines Panc-1
and SNU-213 (Kim et al., 2019). The compound phytol displayed
similar values under both conditions and has been recognized for its
gastroprotective (Araújo et al., 2024) and it helps reduce
inflammatory responses in the joints and spinal cord, highlighting its
potential as a novel antiarthritic agent (Carvalho et al., 2020). Also,
it has been explored as an innovative anticandidal drug delivery system
emphasizing its role in treating fungal infections (Lima et al., 2020)
and its applications in neurological disorders (da Silva Oliveira and
de Freitas, 2014).

Furthermore, -tocopherol is a predominantform of vitamin E and
have distinctive antioxidant and anti-inflammatory properties (Jiang
et al., 2022), which highlights its ability to selectively inhibit the
proliferation of cancer cells while preserving healthy ones (Es-Sai et
al., 2025). The accumulation of d-glycero-d-ido-heptose was
significantly higher under open-field conditions. Heptose-based
natural compounds, including septacidin and spicamycin, exhibit
notable antifungal, antitumor and analgesic activities (Tang et al.,

2018). Glycerol 1-palmitate (1-monopalmitin), a notable glycerolipid,
recognized for its ability to induce apoptosis in lung cancer cells,
underscoring its potential as a therapeutic agent, particularly against
non-small cell lung cancer (NSCLC). Its dual function in regulating
both apoptosis and autophagy presents a promising avenue for cancer
treatment strategies (Niu et al., 2023). -sitosterol is a phytosterol
which offers numerous therapeutic potentials and demonstrated
anticancer effects by inhibiting cell proliferation and inducing
apoptosis in various cancer cell lines, including those of colon, liver,
breast and lung cancers (Endrini et al., 2014; Sundarraj et al., 2012).
Additionally, it shows antidiabetic properties, effectively lowering
blood glucose levels and enhancing insulin secretion in streptozotocin-
induced diabetic rats (Balamurugan et al., 2011).

Above all, spirostanosides was reported as the dominant constituents
of A. sprengeri (Sharma et al., 1983). It possesses anti-inflammatory,
antiasthma, anticancer, neuroprotective effects and used to protect
against cartilage degradation in conditions like arthritis (Ramalingam
and Kim, 2016). In the present study, they were found only under
intercropped condition. Poor growth in open field conditions may
have impacted the production of secondary metabolites, resulting in
relatively lower proportions. Exposure to sunlight beyond the
optimum level can have negative impacts, which aligns with the
findings showing that shaded conditions increased the production of
phytochemicals, particularly phenolics, in lemon balm, enhancing
its antioxidant activity (Tmušiæ et al., 2021).

5. Conclusion

The findings of this GC-MS study underscore the profound impact
of agroecological conditions on the phytochemical profile of
A. sprengeri. Intercropping with P. dioica not only enhances the
synthesis of valuable bioactive compounds which have diverse
pharmacological significance and therapeutic benefits, but also
observed to have greater proportions when compared to open field
cultivation. These findings pave the way for further research on the
manipulation of agroecological factors to enhance the bioactive
content of plants, thereby facilitating the development of novel
therapeutic agents. Future studies should explore the underlying
mechanisms and broader potential of intercropping to optimize plant-
based medicinal resources.
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