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ABSTRACT
Hyoscyamus niger have the main pharmaceutical tropane alkaloids and glycosides in their tissues.

The study aimed to enhance the biosynthesis of these compounds by tissue culture techniques. Callus
cultures were established from leaf explants on MS medium. Three chemical salts were added
separately in different concentrations to the culture medium to evaluate their effects on callus growth
and content of pharmaceutical compounds. The results demonstrate that copper (Cu) and cadmium
(Cd) decreased callus weights, while the aluminum (Al) did not exhibit any significant effects,
compared to the control treatment. However, the HPLC assay proved that the chemical stress caused
beneficial effects in promoting the production of alkaloid and glycoside compounds in callus cultures.
Succinctly, the highest concentration of Cu (36 mg/L) caused a significant increasing in the content of
hyoscyamine, scopolamine, and hyoscyammoside-A. Whereas, Al and Cd at low concentration (5
mg/L) produced the varying significant increasing in the substances of tropane alkaloids and
glycosides, compared to the other treatments and the control. These finding concludes that application
of chemical elicitation in certain concentrations offer advantageous visions for developing the
conditions that related with biosynthesis of medicinal compounds in H. niger.
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INTRODUCTION and these factors are used in the production of
Many types of tropane alkaloids, glycosides, medicines, tastes, and other essential
phytosterols, and phenolics were detected in biochemical components (Naik and Al-Khayri,
the Hyoscyamus niger (H. niger), which are 2016) Plant tissue cultures and chemical
used for diverse medicinal purposes (Rajput et elicitation techniques are the processes of
al., 2024). This shrub is small to medium in exposing plant cells to elicitors, which are
size, growing in two forms (annual or compounds that act as extracellular signaling
biennial), leaves are dark green, flowers are molecules and cause or activate plant defense
pale yellow or white in color, while the fruits responses and the synthesis of natural
are tiny, deadly blackberry, dense with gray- secondary products which are mostly higher
black seeds (Azhar and Mustehasan, 2020). It than plant grown in the in vivo conditions (Al-
is native at Europe and Asia (Alamholo et al., Khayri and Naik, 2020). Inducing callus from
2019). Plants produce organic compounds in various plant sources and parts required
response to environmental stress or the various combinations of plant growth
application of biotic and abiotic stimulants, regulators or growth media (Sidik et al., 2024).
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Generally, the callus-extracted metabolic
chemicals are highly pure (Surchy et al.,
2025). HPLC technology is often used in
quantitative and qualitative screening of active
compounds found in many cultures (Giglou et
al., 2025). In previous studies, it has been
shown that CuSOs was the most efficient
chemical for raising the concentration of
phenolic compounds in Artemisia annua callus
cultures (Zarad et al., 2021). Another study
demonstrated that CuSOs promoted shoot
cultures of Ocimum basilicum and increased
the production of eugenol, cineole, and
linalool contents (Trettel et al.,, 2018). In
addition, the elicitation of AlIClzwas shown to
boost secondary metabolites (SM) output in
cultured tissues of Rauvolfia serpentina (Zafar
et al., 2017). Increase the accumulation of
tropane alkaloids in micropropagated plantlets
of Datura innoxia was detected with reducing
the weights of the shoot cultures (Karimi and
Khataee, 2011). In a study conducted by
Sivanandhan et al.(2014), it was observed that
increasing levels of AICIs (5-15 mg/L)
stimulated the accumulation of withanolide
compounds while maintaining a consistent
growth rate in cell cultures of Withania
somnifera. According to Rao et al. (2021),
CdCl; at 1 mM of concentration enhanced the
production of  stigmasterol  (2.59-fold)
compared to the control in the cell cultures of
Abutilon indicum. But the high concentrations
of CdCl> (0.20 mM) inhibited callus growth
and decreased the production of alkaloids in
Rauvolfia serpentina (Zafar et al., 2020). The
aims of this experiment are to determine the
influence of CuSQO4, AICIs, and CdCl, on the
callus growth, alkaloid and glycoside
concentrations in the callus cultures formed
from H. niger leaf explants.

MATERIALS AND METHODS

Callus formation and select maintenance
medium
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The  experiment was  conducted in
"Biotechnology Research Center, Al-Nahrain
University, Iraq”. The dried seeds of H. niger
were provided from "Plant Genetic, Resources
Division, Botany Directorate, Abu-Ghraib,
Iraq". In vitro seedlings were utilized to
generate juvenile leaves, which served as a
source for explants. Callus formation was
initiated from leaves cultured on Murashige
and Skoog (MS) medium (Murashige and
Skoog, 1962), which was enriched with a
combination of 2 mg/L benzyladenine (BA)
and 0.5 mg/L 2,4-dichlorophenoxyacetic acid
(2,4-D) (Khalaf and Taha, 2023). The callus
cultures were maintained under incubator
conditions with a photoperiod of 16 h light and
8 h dark. This specific treatment was selected
to initiate callus formation and subsequently
support the ongoing growth of the callus
cultures.

Elicitation of secondary metabolites

After obtaining a suitable amount of initiated
callus, the callus was cut into equal sections
and planted on the same medium with
different stimuli, including CuSO4.5H,0 with
concentrations of (0, 12, 24, and 36 mg/L),
AICIz with concentrations of (0, 5, 10, and 20
mg/L), and CdCls concentrations of (0, 5, 10,
and 15 mg/L). Following a 4-week interval,
the precise measurement of fresh sample
weights was conducted using an analytical
balance. Subsequently, the samples were
exposed to a 24-hour drying process in a lab
electric oven set at 45 °C for recording the dry
weights (Soni et al., 2018).

Extraction of alkaloids and glycosides

The tropane alkaloid extraction was extracted
from plant leaves (grown in field) and callus
cultures according to Kamada et al. (1986)
with minor modification. While the glycosides
were extracted according to Rai and Han
(2022).
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HPLC Analysis
The extraction methods of total alkaloids and
glycosides used in this study have been

described by High-Performance Liquid
Chromatography (HPLC) was used to measure

Areaof sample
Conce. o sample (ngiml) = - org™ Conce.of standard X dilutionfaclor

the content and quality of secondary
metabolites in methanolic extracts of leaves of
the mother plant grown in the field and
different treatments of callus cultures. By
comparison the peak area and retention time
(RT) of the authentic standards to those of the
analyzed samples. The concentration of H.

niger compounds in the samples was
determined using the formula below
(Mohammed, 2019):
Statistical analysis
To compare the experimental treatments

statistically, a data analysis was presented
using "Duncan's Multiple Range test" at a
significance level of 5% (P<0.05) (Duncan,
1955).

RESULTS AND DISCUSSION

Effect of chemical treatments on the callus
weights :The impact of chemical abiotic
elicitors at various concentrations on the
growth of callus cultures is illustrated in
Figure (1), while the morphology and size of
elicited callus are shown in Figure (2).

Effect of CuSOason the callus growth

The findings in Figure (1, a and b)
demonstrate that as the CuSO4 concentrations
increased, there was a notable decrease in
callus weight, both in fresh weight (FW) and
dry weight (DW). Specifically, at a
concentration of 36 mg/L, the FW and DW of
callus decreased to 9515 and 84.1 mg,
respectively, compared to the control
treatment, which exhibited the highest values
of weights of 18421 and 170.6 mg,
respectively. The morphology and size of the
elicited callus are illustrated in Figure (2).

Iragi Journal of Agricultural Sciences —2026:57(1):92-104
P-ISSN: 0075- 0530/ E-ISSN: 2410-0862
DOI: https://doi.org/10.36103/h8r61b57

94

Copper (Cu) is a micronutrient that is essential
for plant growth and development. However,
an excessive amount of copper could be a
toxic effect on plants (Prazak and Molas,
2015). In a study by Al-mayahi (2014), it was
found that prolonged exposure to even
relatively low levels of Cu could have far-
reaching negative effects on in vitro- grown
plants, including a reduction in photosynthesis,
a disruption of pigment synthesis, and damage
to plasma membrane permeability.

Effect of Al on the callus growth

The Figure (1, a and b) shows that there was
a non-significant tendency for a decrease in
callus weights across all concentrations of
AICl3 when compared to the control treatment.
The highest FW and DW weights (1787.2 and
165.8 mg, respectively) of callus biomass were
obtained when cultured on MS medium
supplemented with 5 mg/L of AICI3, whereas
the highest concentration 20 mg/L of AICl3
resulted in the lowest biomass yields (1735.6
and 161.1 mg) for FW and DW, respectively.
Conspicuously, the decline in weight did not
statistically significant among the examined
concentrations of AICIlz. Aluminum (Al) is
known as an abiotic stress factor that can cause
damage to various cellular components such as
cell membranes, nucleic acids, proteins, and
lipids. Most of this damage is caused by more
reactive  oxygen species (ROS), like
superoxide radicals, hydrogen peroxide,
hydroxyl radicals, and singlet oxygen (Zheng
et al., 2025). In response to this oxidative
stress, plants activate their antioxidative
enzymatic systems, including superoxide
dismutase and peroxidase, which act as the
first line of defense (Panda et al., 2024).
Interestingly, when exposed to moderate doses
of the metal, the activity of these enzymes
increases, but at higher concentrations, their
activity decreases. The reduction in enzyme
activity under high concentrations of heavy
metals may be associated with the elevation in
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ROS or H202 amounts inside various cellular
parts (Anjitha et al., 2021).

Influence of Cd on the callus development
The Figure 1 (a, and b) illustrates that control
treatment which did not contain any dose of
chemical elicitors, showed highest average
mean of fresh and dry callus weight (1842.1
mg FW, and 170.6 mg DW). Significance
differences in the callus growth were detected
when CdCl, was applied at different doses,
contrasted with the control. The reduction of
weights ranging from 1206 to 1226 mg for FW
and 110.5 to 119.3 mg for DW. The negative
effects of Cd on plant cells were confirmed by
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the previous investigations. Zafar et al. (2020)
observed similar decrease in callus weigh,
when adding Cd to the culture medium. They
attributed the reason to the role of Cd in
delaying cell division, disrupting the cell
cycle, and interference with the normal mitotic
continuance. Additionally, the rise in oxidative
damage, metabolism disorder, and reduce of
the normal plant physiologic process were
demonstrated by Aslam et al. (2023). These
factors together cause callus development
decline down when exposed to different salts
of Cd.
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Figure 1. Comparison of the effect of different concentrations of Cu, Al, and Cd (mg/L) added
to the maintenance medium on the (a) fresh weight (FW) and (b) dry weight (DW) of callus
cultures (mg). Dissimilar letters are used to indicate statistically significant differences within
each compound, using Duncan’s test at P< 5%.

Figure 2. Morphology of H. niger callus cultures after treatment with different
concentrations of Cu, Al, and Cd.

Estimation of certain phytochemical
compounds in the callus and mother plant
of H. niger using HPL.C analysis

95

Figure (3) shows the biosynthesis of secondary
metabolites (SM) shows significant increases
in the mother plant when compared to the
callus. These increases were particularly


https://doi.org/10.36103/h8r61b57

remarkable for glycosides (hyoscyamoside-A,
E, and F1) and alkaloids (hyoscyamine).

In contrast, there was a notable rise in the
concentrations of scopolamine and atropine in
the callus tissue as compared to the original
plant. Specifically, the levels of scopolamine
reached 101.1 pg/ml, while the levels of
atropine reached 37 pg/ml. The synthesis of
SM compounds can be regulated by various
stresses that affect the mother plant,
consequently impacting gene expression and
subsequent production of these chemicals
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(Bakhtiari and Golkar, 2022). The usage of
growth regulators during the establishment and
maintenance of callus cultures possibly speeds
up the production of specific secondary
metabolites, leading to an augmentation in the
concentration  of  bioactive  substances
(Hemmati et al., 2020). According to another
study, a variation in phytochemical content
was observed between field and in vitro plants,
which depended on the type of compound and
their metabolic pathways (Salih and Al
Dabagh, 2021).

Hyoscyamoside-F1

Hyoscyamoside-E

Hyoscyamoside-A

Afropine

Scopolamine af
p n-u
Hyoscyamine I n
0 50 100
Hyoscyamine Scopolamine Atropine
EcCallus 742 101.1 37
B Mother plant 104.3 59.8 30.5

150 200 250 300
Hyoscyamosid Hyoscyamosid Hyoscyamosid
e-A e-E e-F1
157.1 161.7 176.3
195.2 260.1 2753

Figure 3. Comparison of secondary metabolite content in the leaves of mother plant and callus
cultures. Dissimilar letters (a—b) are used to indicate statistically significant differences within
each compound, using Duncan’s test at P< 5%.

Impacts of Cu elicitation on the content of
certain phytochemical compounds

The data in Table (1) presents the effect of
varying Cu treatments on the concentrations of
compounds in H. niger callus cultures. The
results reveal that two alkaloids, namely
hyoscyamine and scopolamine, and the
glycoside hyoscyamoside-A, exhibited a
positive response to copper concentrations.
Their concentrations significantly increased
with higher Cu concentrations, reaching 118.2
pg/ml, 1247 pg/ml, and 750.2 pg/ml,
respectively, at 36 mg/L Cu, in contrast to the
control. While the other glycosides, like
hyoscyamoside-E, significantly increased at 12
mg/L  Cu (547.8  pg/ml),  whereas
hyoscyamoside-F1 showed a significant
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increase (427.3 pg/ml) at 24 mg/L Cu. All Cu
treatments caused significant decrease in
atropine compound compared to the control
group (37.0 pg/ml). These results reveal the
potential regulating function of Cu in the
biosynthesis of secondary metabolites in H.
niger and may have impacts for its actual use
in the therapeutic sector. In this regard, the
application of copper sulfate can lead to an
increase in the production of secondary
metabolites in plants through multiple
mechanisms, including stress response and
regulation of enzyme activity and gene
expression (Senckovi’, 2025). The Cu
effective in the increasing of some secondary
metabolites compounds because it had a
feature that destroys biofilms or Cu have
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property to the optional permeability of the
salts. The integrity of cell membranes is one

oxidative stress, this stress response can
trigger the synthesis of SM such as terpenoids
physiological mechanism that Cu may and phenolics (Akhtar et al., 2026; Liu et al.,
disrupting the plant's ion balance and causing 2024).
Table 1. Evaluating the influence of several concentrations of Cu (mg/L) on the amount of
some medicinal compounds (ug/ml) in the H. niger callus cultures.

Compounds (ug/ml) Concentration of CuSO4(mg/L)

0 12 24 36
Hyoscyamine 74.2° 73.0° 62.6¢ 118.22
Scopolamine 101.1¢ 83.64 109.3° 124.72
Atropine 37.02 31.2°¢ 25.9¢ 34.1°
Hyoscyamoside-A 157.14 331.7¢ 561.4° 750.22
Hyoscyamoside-E 161.7° 547.82 475.5° 475.6°
Hyoscyamoside-F1 176.3¢ 340.8° 427.32 123.9¢
Total yield of compounds 707.4 1408.1 1662 1626.7

Different letters indicate significant differences between compounds within each column,

using Duncan’s test at P< 5%.

Impacts of Al elicitation on the content of
certain phytochemical compounds

Table (2) shows that when compared to the
control treatment and the other doses utilized,
all glycoside contents considerably increased
significantly at a concentration of 5 mg/L
ALCIs, reaching (262.7, 233.8, and 207.6
pg/ml)  for hyoscyamoside-A, E and Fi
respectively. Correspondingly, the highest
value of hyoscyamine and atropine reached to
78 and 39.5 pg/ml at 20 mg/L concentration.
The alkaloid scopolamine exhibited its highest
content (101.1 pg/ml) significantly in the
control treatment, surpassing the
concentrations observed in other experimental
treatments.The outcomes of this experiment
can be analyzed in terms of the impact of the

element Al on the concentration of the studied
compounds, either increasing or decreasing it.
The presence of Al appears to be beneficial in
exerting stress on cells and tissues, which
could lead to disrupting the plant's ion balance
and causing oxidative stress and higher
production of secondary metabolites such as
flavonoids, phenolic compounds, and alkaloids
in plant cultures (Khan et al, 2021).
Moreover, many investigators proved that Al
is considered a necessary element for various
developmental and physiological activities
(Chauhan et al., 2021). Also, it plays a role in
controlling the nutrients transport and
regulating several gene expression (Ofoe et al.,
2023).

Table 2. Evaluating the influence of several concentrations of the Al (mg/L) on the amount of
some medicinal compounds (ug/ml) in the H. niger callus cultures.

Compounds (pg/ml) Concentration of AICIz (mg/L)
0 5 10 20
Hyoscyamine 74.2° 55.3d 64.6 ¢ 78.0 2
Scopolamine 101.12 92.8° 69.7¢ 78.9¢
Atropine 37.0% 35.0°P 275¢ 39.52
Hyoscyamoside-A 157.1° 262.72 184.9b 142.09
Hyoscyamoside-E 161.7° 233.82 98.4d 116.0¢
Hyoscyamoside-F1 176.3° 207.62 121.8° 85.2d
Total yield of compounds 707.4 887.2 566.9 539.6
Different letters indicate significant differences between compounds within each column, using Duncan’s

test at P< 5%.
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Impacts of Cd elicitation on the content of
certain phytochemical compounds

The HPLC evaluation confirmed that the
valuable metabolism compounds responded
differently to the CdCl, concentrations used,
as viewed in Table (3). At 10 mg/L Cd,
Hyoscyamine’s content increased significantly
(80.2 pg/ml), over the control treatment (74.2
pg/ml). Further, atropine, hyoscyamoside A,
and F1, demonstrated a significant response to
Cd treatment. The highest amounts (43.5,
248.7, and 198.4 pg/ml, respectively) were
detected at 5 mg/L Cd and had been
considerably more than the control. In
contrast, scopolamine and hyoscyamoside-E
exhibited a decreasing trend with increasing
CdCl; levels, reaching their highest contents
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(101.1 and 161.7 pg/ml, respectively) in the
control group. In this regard, various heavy
metals and salts, like cadmium and others,
have been proven to elicit the generation of
SM in different plants; this effect may be
attributed to damage or disruption of cell
membranes, allowing the signal transmission
to increase enzymatic activity and metabolism
(\Vats, 2018). In general, the application of
heavy metal stress on plants has upregulated
sugar metabolism, increased amino acid
proline  concentrations, and  increased
enzymatic activity related to ROS scavenger
pathways; thus, these interactions, in turn, lead
to an increase in the biosynthesis of secondary
compounds as a defense against abiotic stress
(Zandalinas et al., 2020).

Table 3. Evaluating the influence of several concentrations of the Cd (mg/L) on the amount of
some medicinal compounds (ug/ml) in the H. niger callus cultures

Compounds (ug/ml) Concentration of CdCl. (mg/L)
0 5 10 15
Hyoscyamine 74.2b 58.2 ¢ 80.2 57.9
a C
Scopolamine 101.12 89.6° 81.6 78.2
C C
Atropine 37.0° 4352 36.4 22.6
b c
Hyoscyamoside-A 157.1¢ 248.7 179. 167.
a 3b ¢
Hyoscyamoside-E 161.72 1403 117. 78.8
b ¢ d
Hyoscyamoside-F1 176.3° 198.4 145. 133.
a 7C 1C
Total yield of compounds 707.4 778.7 640. 537.
4 8
Different letters indicate significant differences between compounds within each column,
using Duncan’s test at P< 5%.

Comparison of the Yield of SM in Callus
Cultures Treated with Different Chemical
Stimuli :Based on Figure (4), the total yield
of SM in the callus culture varied depending
on the type of chemicals and doses used. The
findings indicated that Cu elicitation was much
more effective than other elicitors. It led to a
significant raise in the quantities of valuable
phytochemical compounds, in particular at
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high concentrations (24 and 32 mg/L),
approximately 130% increase. While the
lowest concentration of Al and Cd (5 mg/L)
had a stronger impact on biosynthesis of
beneficial photochemical constituents. These
observations point out that Cu elicitation could
possess a bigger influence on the secondary
metabolism than other metals used in this
investigation. Various heavy metals have been
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widely applied as abiotic elicitors in different
plant cultures to stimulate the growth, increase
phytochemical  production, and  boost
antioxidant activities (Zandalinas et al., 2020).
Nevertheless, these elements are believed to be
useful as elicitors, their use can also cause
toxic effects under inappropriate conditions
(Khan et al., 2021). The main factors that
determine the effectiveness of chemical

P-1SSN: 0075- 0530/ E-ISSN: 2410-0862
DOI:

treatments are the type of element, its
concentration, and exposure time (Abed et al.,
2023). It is necessary to understand how
abiotic stress affect the biosynthesis of SM
compounds like worthy alkaloids and
glycosides in different H. niger cultures, in
order to improve their production (Khalaf and
Taha, 2023).

15 Cd
10 Cd

el 537.8

S Cd

20 Al
10 Al

e 539.6
e 566.9

el 6404
el 778.7

5 Al

] 887.2

Total yield of
compounds (pg/ml)

32 Cu

e 16267

24 Cu

] 1662

12 Cu

0 500

] 14081

(0 S 707.4
1000

1500 2000

Figure 4. Contrasting the total amount of some medicinal compounds (ug/ml) in the
H. niger callus cultures treated with various concentrations of Cu, Al, and Cd salts.

CONCLUSIONS

The heavy metals at  appropriate
concentrations may  resulting  desirable
influences on the callus growth developments

in H. niger cultures with elevation the
production of medicinal secondary
metabolites. More studies are needed to

determine out which factors are actually goes
on underlying these noticed phenomena.
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