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ABSTRACT

The chili pepper plant Capsicum annuum L. is used in processed foods and pharmaceuticals
given the importance of Capsaicin; it has been produced through cell cultures of chili pepper
obtained from a media known as Murashige and Skoog (MS), which is supplied by the best
concentrationl.5 and 0.3 mg/L of 2,4-Dichlorophenoxyacetic acid (2,4-D) and kinetin (kin.),
respectively, gave highest fresh and dry weights of callus, reaching (368.06,29.40) mg
respectively which was significantly different from other treatments. When determining the
alkaloid compound capsaicin by HPLC, Its amount in the callus was found to be 3.8 pg/g after
being treated with a nano dose of 0 mg/L. an increase of 1.5 fold over the quantity in the leaves
of the plant growing in the field, which reached 2.5 pg/g. In order to increase the synthesis of
active compound studied stimulated by iron oxide nanoparticles at concentrations (0, 2, 4, 6, 8,
and 10) mg/L, the findings indicated that 6 mg/L caused a highly significant increase in
Capsaicin, reaching 6.2 pg/g by the amount 1.6 fold compared to 3.8 pg/g in the treatment free
the nanocatalyst. While the concentration of 6 mg/L achieved a 2.5-fold increase in its presence
in the chili pepper intact leaf sample, the results show that Fe;O4NPs were effective in
stimulating the accumulation of capsaicin compound.
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INTRODUCTION

Medicinal plants have been used since ancient
times to treat a variety of illness (16) and in
the development of synthetic drugs as they are

considered to have therapeutic value
(29,35).These  plants  contain  natural
compounds,such as phenolic compounds

terpens and alkaloids (31), and can treat many
diseases (6,12).Among these plants is the chili
pepper (Capsicum annuum), which belongs to
the nightshade family and is commercially
important and grown all over the world. It is
known for its pungent taste with a chemical
content known as capsaicinoids, 6-zonisamide
is amember of  8-methyl-N-vanillyl and
dihydrocapsaicin derived from capsaicinoids.

(26) Capsaicin isalkaloids a crystalline,
aromatic, colorless, hydrophobic.
Additionally, capsaicinoids are an active

component in personal defense and riot control
sprays. Comes into contact with the skin,
especially the eyes(23). Hot peppers are used
as spices in cooking, and they have a high
concentration of vitamins, including folic acid,
thiamine, calcium, vitamins A, C, and B6,
ect.(15) Active compounds such as capsaicin
are also a treatment for coughs, toothaches,
parasitic infections, and rheumatism, along
with obesity and type 2 diabetes, and halting
the incidence of prostate cancer and as an anti-
arthritic, antibacterial, anti-rhinitis, pain
reliever, and antifungal (8,10) for headaches,
irregular heartbeat, inflammation, rheumatism,
joint stiffness, and bronchitis. It is safe to use,
beneficial and has no side effects compared to
chemically manufactured drugs. Currently,
plants used for treatment grow either naturally
or by cultivation (4). Converting them into a
pharmaceutical project requires expanding
their cultivation in the field, and therefore, we
need to cultivate larger areas at the expense of
other critical economic crops; in addition to
fertilization, the problem of water for
irrigation, the cost of labor, and the length of
the season from planting seeds to the stage of
fruit formation from which the required
medicine is extracted. Despite all this, their
production is limited and in quantities that are
not sufficient to meet the needs of the
pharmaceutical market (21). Nanotechnology
has emerged as a promising topic of research
in all fields and it relies on the use of ultra-
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fine particles , ranging in size from 1 to 100
nanometers(2).Therefore, we resort to using
plant biotechnologies to produce alkaloids
represented by cultivating plant tissue cells in
the laboratory , which gives the production of
the same compound in the naturally grown
plant, but in larger quantities and a smaller
area with a shorter period via employing
nanotechnology in the laboratory with adding
Iron oxide nanoparticles as a atalyst to
increase the production of economically
valuable capsaicin in plant cells.
MATERIALS AND METHODS

Sterilized seeds and germination

Seeds of Capsicum annuum L. were purchased
from the local market in Baghdad and then
disinfected with alcohol Seventy percent at 60
seconds and sodium hypochlorite 3% for 2
minutes following a sterile distilled water
wash, then sown on essential MS medium.
With thirty grams of sucrose and seven grams
of agar at pH 5.5. They were kept under Light
and dark, correspondingly, at (16/ 8) hours
(22).

Initiation of culture: After the emergence of
seedlings, small leaves were selected and cut
into suitable sizes 1 c¢cm to grow in MS
medium with Kin. (0, 0.3, 0.6) mg/l and 2,4-D
(0, 0.5, 1, 1.5, and 2) mg/l to initiate callus,
cultured transfer to a grow room with ideal
conditions 25 + 1°C , after one month, the
induced callus. Afterward, To capture dry
weight data, weigh the fresh callus and dry it
in an oven set at 45 °C for two days (32). with
a sensitive balance to determine the best
combination of hormones.  Cultivation
operations were carried out in the same
medium, which gave the highest callus weight

so could obtain more callus for the
followingexperiments.
Elicitation treatments : Iron oxide

nanoparticles (FesO4NPs) were dissolved in
distilled water to make a stock, then
employed at various doses (0, 2, 4, 6, 8, or 10
mg/L). From Sigma USA, the size of NPs was
20 nm were added to the basal medium
comprising, respectively, (1.5, 0.3) mg/L of
2,4-D and Kin. which gave the best result, 150
mg of callus were placed on the medium for
each concentration for thirty days ideally, at 25
+ 1 °C, in the absence of Light, then the data
were collected for the fresh and dry weighing
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of callus, for each consecration was analyzed
by HPLC to record the values of capsaicin
alkaloid.

Estimation of capsaicin from callus

The capsaicin alkaloid was quantitatively
estimated to a weight of 150 mg of induced
callus cells from the leaves were taken for
each treatment and then compared with 2
grams of plant leaves planted in the field
according to the method callus extraction of
Chanthai et al. (9) utilizing Solid-Phase
Extraction (SPE). Two milliliters of methanol
and two milliliters of deionized water were
used to condition the solid-phase cartridge.
After being diluted with 600 pL of deionized
water, the 400 pL of extracted material was
put into the conditioned cartridge. Two
milliliters of methanol were used to elute the
capsaicin twice, and the final volume was
adjusted to 10 milliliters .

High performance liquid chromatography
conditions :The HPLC model (SYKAM) from
Germany was used to examine the sample
under high-performance liquid
chromatography (HPLC) conditions. The
column separation was C18 — ODS (25 cm *
4.6 mm), the detector was UV — 220 nm, and
the mobile phase was MeOH: D.W = (80: 20).
The flow rate was 1.0 ml/min.

Statistical analysis:  Experiments  were
conducted employing SAS (2018) to perform
both analyses of variance and mean in a
completely randomized design (CRD).(34) use
ten replicates and a 5% significance level (P <
0.05) for the least significant difference (LSD)
test.

RESULTS AND DISCUSSION

Callus induction: The results in both Tables
(1) and (2) demonstrated that the average had
nutrient medium compared to the treatment
free of this auxin; since the maximum average
rate of 243.07 mg clearly increased
significantly. Fresh weight of callus within all
concentrations of 2,4-D added to the was
obtained at 1.5 mg/L since the weight
decreased at the concentration of 2 mg/L less
than the previous concentration, but it
remained significantly higher than the
comparison treatment. It is also noted that the
comparison treatment of 2,4-D did not show
any response to callus induction, which
indicates the importance of auxin in

stimulating callus formation. 2,4-D can make
plant cells into an undifferentiated state and
start dividing rapidly (13,28). The same two
tables also show that the addition of Kin. This
drove to a significant increased in fresh weight
of the callus, as it reached the highest rate
(192.96) mg at 0.3 mg/L, which differed
significantly  from the rest of the
concentrations, and the lowest weight of the
callus was observed in the control at 164.43
mg. Cytokinin plays a role in cell division by
encouraging the conversion from the G1 to the
G2 phase, leading to the production of proteins
or enzymes necessary for the mitotic phase
(27). As shown in Table 1,2, the data indicate
that the 1.5 mg/L concentration of auxin 2,4-D
and 0.3 mg/L of kinetin, a growth regulator
belonging to the group of cytokinin, were
effective in inducing callus formation from C.
annuum leaves, giving the highest rate For the
weights (368.06, 29.40) mg respectively
(Figure 1, a and b) Which morally
outperformed all other treatments. Otherwise,
0.5 mg/L 2,4-D without Kin showed lowest
fresh weight callus. That amounted (119.26,
9.76 ) mg. The appropriate doses will induce
callus cell proliferation and promote cell
division from explants (30). At the same time,
the treatment free of 2,4-D did not show any
induction of callus with all Kin.
Concentrations. Both regulators work well
together, and kinetin is frequently employed to
promote cell proliferation in plant tissue
culture (14).

Figure 1. Comparison of the callus morphology
induced from leaves on the control (a) and the
optimal callus induction treatment (b).
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Table 1. Impacts 2, 4-D, and Kin. on the fresh weight (mg) of callus formed from C. annuum

leaves.
2,4- D (mg/L) Kin. (mg/L) Average
0 0.3 0.6
0 0 0 0 0
0.5 119.26 185.23 168.43 157.64
1.0 150.96 198.40 188.23 179.28
15 164.43 368.06 196.40 243.07
2.0 177.36 212.86 222.36 204.20
Average 122.47 192.96 155.08 e
L.S.D. 0.05 24-D:433* , Kin.:3.35% | 24-DxKin.: 7.50*

Table 2. Effect of Kin and 2, 4-D on callus dry weight (mg)induced fromC. annuum leaves

2,4- D (mg/L) Kin. (mg/L) Average
0 0.3 0.6
0 0 0 0 0
0.5 9.76 14.70 13.43 12.63
1.0 12.06 15.86 15.06 14.33
15 13.13 29.40 15.70 19.41
2.0 14.13 17.03 17.76 16.31
Average 9.82 15.40 1239 e
L.S.D. 0.05 24-D:035* , Kin.: 0.27*, 2,4-DxKin.: 0.60*

Capsicum annuum callus and leaves contain
secondary metabolites

Data presented in Table (3) and (Figures
2,3and4),clearly demonstrated that the active
metabolites evaluated by HPLC in the callus
samples without Fe3;O4NPs recorded the
highest amount of Capsaicin 3.8 pg/0.15g.
Compared to the same compound found in the
tissues of plant leaves grown under field
conditions, it reached 2.5 pg/2g. The alkaloid
compound was not determined by HPLC when
weights of less than 2 grams of leaves were

taken for examination by the device.
Consequently, the callus exhibited a respective
rise of Capsaicin 1.5 fold compared to C.
annuum leaves. Because the plant chemical
compounds are found in tiny quantities in
plant tissues(11) , this was confirmed by many
researchers whose studies were in the same
direction through the results reached by Jasim
and Habeeb (20) and Alwash et al. (3) where
they indicated that plant leaves generally
produce less secondary metabolism than callus
cells.

Table 3.Capsaicin Alkaloid (ug/g) in the leaves and callus of C. annuum

Alkaloid Leaves of Intact Callus without Fold of increase L.S.D
compound plant pg/ 2 gram FesO4NPs-NPs pg / 0.15
gram
- 25 3.8 15 0.87*
Capsaicin
* (P<0.05)
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Fig. 4 . HPLC curve for Capsaicin in callus 0 mg/L Fe;O4sNPs-NPs

Action ofiron oxide Nanoparticles
on Callus weighing: When Fe;O4NPs were
added to the callus at varying concentrations, it
was shown that adding 2 mg/L to the callus
gave slightly higher but insignificant fresh and
dry weights of (402.13, 32.20) mg compared

748

to 0 mg/L, which were (397.20, 31.73) mg
respectively Table (4). These findings are in
line with those of Kokina et al. (24), who
looked into how different iron oxide NP
concentrations affected Linum usitatissimum
callus cultures. The results showed that the
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largest callus was seen in MS medium that had
1.5 mg/L of FesO4NPs added to it. This
concentration most intensively stimulated
callus size, as did Irum et al. (18),who
increased callogenesis in Cicer arietinum
callus formation at an optimum dose of Iron
oxide NPs. This is most likely due to iron's
nutritive properties and its significance in a
number of physiological functions, such as
respiration, redox reactions, and chlorophyll
synthesis (36). Iron is the essential nutrient for
plant metabolism and growth (33), and its
deficiency is a common nutritional disorder
that leads to reduced yield and productivity.
Both weights decreased significantly with the

gradual increase in iron oxide nanoparticles
concentration to reach the lowest weights
(29.16,365.13)mg respectively observed at 10
mg/L, which differed considerably from other
treatments. Due to the increased concentration
of nanoparticle catalysts, the cells were made
under stress, and hence, the weights decreased.
This was in agreement with Kohi and Lahoti
(25) when zinc oxide (NPs) were included at
high concentration in the culture medium of
Brassica napus callus, and other researchers
have also reached similar results during their
studies (1) disclosed similar remarks during
their research.

Table 4. Fresh and dry weight of callus cells (mg) with Iron Oxide NPs

Iron Oxide NPs (mg/L) Fresh. W Fresh. W

0 397.20 31.73

2mg 402.13 32.20

4 mg 388.33 31.03

6 mg 380.33 30.40

8 mg 374.43 29.93

10 mg 365.13 29.16

LSD: 0.05 8.05* 0.63 *

Effect of iron oxide NPs on the Capsaicin in Mg/g at 6 mg/L, which is significantly

callus extract of C. annuum.

Embed media with Fe;O4 nanoparticles at
different concentrations led to an increase of
Capsaicin, consistent with the rise in the
nanomaterial, reaching the highest value of 6.2

different from other treatments. In addition,
the amount of Capsaicin is 1.6 times higher
than the amount of Capsaicin 3.8 pug/g
achieved in callus grown on media-free nano
table (5) (Figures 5,6,7,8 and 9).

Table 5. Effect of varying FesO4NPs concentrations on the amount of capsaicin in callus

extract.
Active Alkaloid FesO4-NPs concentration (mg/L) L.S.D
Ha/g 0 2 4 6 8 10
Capsaicin 3.8 4.1 5.2 6.2 55 5.4 1.08 *
* (P<0.05).
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Fig. 5. HPLC curve for Capsaicin in callus 2mg/L Fe3;O4-NPs
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Fig. 9. HPL.C curve for Capsaicin in callus 10 mg/L Fe3O4-NPs

It is believed that the accumulation of
pharmaceutical compounds in vitro by Fe;O4
nanoparticles accelerates the enzyme activity.
Thus, the enzyme defense system will be
stimulated by reactive oxygen species (ROS),
with the high expression of target genes since
Artemisia annua contains a lot of artemisinin
(5). Other researchers have also demonstrated
increased amounts in callus using the same
nanoparticles on curcuminoids in Curcuma

7

longa (17) and trans-cinnamic acid content in
Narcissus tazetta (7). When the nano level
rose above 6 mg/L, which is the best result, it
led to an insignificant decrease (Figurel0)
.This may come back to the use of high levels
of Fe;O,4 nanoparticles, causing stress on the
plant cells, which further affects their growth
and development and thus reflects on
secondary metabolism (19).
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Fig. 10. Capsaicin levels in plant leaves and nano-stimulated callus
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