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stress on plant tissue results in the creation
of a callus, an unorganized cell mass. Not
only did remarkable innovations and new
methods in tissue culture improve
pluripotent cells, but they also enhanced
callus cells, which are grown from
meristematic cells found in shoot tips,
cambial cells, and root tips. Improved plant
callus cells enable a large increase in the
generation of secondary metabolites. One
such fruit with a high natural phytochemical
content and three times as many antioxidants
as green tea iBunica granatum. Due to its
high concentration of polyphenols and anti-
ageing qualities, the current health and
cosmetic markets have found that this
nutrient-dense fruit may treat a wide range
of difficult ailments. For effective scaling up
of phytochemical extraction from improved
callus cells, this paper has standardized the
procedure for pomegranate-enhanced callus
cell synthesis. The pomegranate node
explant worked best for inducing calluses.

The most effective medium for callus
development was Murashige and Skoog
media supplemented with 3% sucrose and 1
mg 2,4 D. It had the greatest induction rate
(96%), the best callus growth, and the lowest
contamination detected following
sterilization treatment at 5 min with
mercuric chloride. The sixth day of the
culture cycle saw the observation of the
ideal growth index. The use of elicitors in
the suspension culture of. granatum-
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improved callus cells was discovered to be a
simple method for creating pomegranate-
improved callus cells and enhancing the
production of beneficial phytochemicals.
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l. INTRODUCTION

Mankind has long been aware of the healing pragserof pomegranates. The
pomegranate fruit is valued for its benefits to Iteaincluding inducing good cell
communication, decreasing stress, curing illnessessing hemoglobin levels, and
scavenging free radicals (1). Originally from thédMe East, the pomegranate spread across
East Asia (2). The culturing of plant cultures am¢a from non-improved callus plant tissues
from an explant is often constrained, resultingmutations. As opposed to this, plant-
improved callus cells that are immortal were crédtem specific improved callus cells that
have anti-ageing capabilities, superior genes &regiransfer, high levels of phytochemical
production, and no passage restrictions (3). Poamages are popular for their antibacterial
and anticancer effects (4). Condensed tannins gddblysable tannins are also present in
greater concentrations in pomegranate. Anthocyanwtich make up about 30% of
phenolics, are among the other phytochemicalsatgasaid to be present (5). The presence of
several phytonutrients in pomegranates that ard gmdhuman health has been found (6).

Despite the benefits of manufacturing importantytpbhemicals via controlled
production using regulated batches, plant cellucalthas a relatively low success rate (7).
This work is the first to document standardizationproducingPunica granatum-enhanced
callus cells in vitro using cutting-edge tissueturd methods. Depending on whether better
callus activity resumes in fully differentiated lsebr in callus tissue that is disorganized,
organ genic processes take place via dedifferamiand cellular dedifferentiation. The in
vitro organogenesis process is complex, includingraber of internal and external elements
that are controlled by the genotype, explant typelture medium composition, and
cultivation environment. Given the impact of thelkxt, it is advised to choose explants that
have a larger percentage of enhanced callus t@stieat have a greater potential to express
totipotency (George 2008). Elution is a powerfultinoel for enhancing the phytochemical
synthesis in enhanced callus cells. Elicitors pr@nibe protection of the cell against biotic
and abiotic stress by boosting any sort of plariértee (8). In enhanced plant callus cells,
salicylic acid (SA) and jasmonic acid (JA) are esigely investigated as possible elicitors.
By improving antioxidant defense, SA plays a ralecontrolling how plants react to heavy
metal-induced toxicity (9). SA interacts with thgrsaling system for reactive oxygen species
(ROS). It has also been shown that NO and ROS @o&# biosynthesis. It is well known
that salicylic acid (SA), a tiny molecule with aucral function in the regulation of plant
defense-enhanced callus, causes better callus radquesistance (SAR) to numerous
infections (10). Rapid SA buildup at the infectgite during plant-pathogen contact sets off a
hypersensitive reaction. After that, the signal/éta to other areas of the plant, inducing a
variety of defensive reactions.

Methyl jasmonate (MeJa), in particular, has bemmaled to play a significant role in
signal transduction mechanisms that control theesgion of defense genes in plants [11].
MeJa (100-200 M) activates secondary biosynthetibvpgays favourably when administered
exogenously to plant cell cultures of many spedesieasing the synthesis of a range of
PSM, including terpenoids, flavonoids, alkaloidsdahenylpropanoids. Empirical research
is needed to determine the best supplement dosalggnsing for MeJa use.
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There is no information orP. granatum, and among the Punica species, the
development of better callus cells has not yet heearded. We sought to use this method to
develop and enhance callus cell suspension culafrBsgranatum, functioning as a source
for the synthesis of important phytochemicals agalising the significance d?. granatum
and its extract in medicine and cosmetics. Thertregg of Punica granatum callus and cell
suspension cultures, as well as their charactesijstire detailed in the current work. This
gives researchers a tool for future scale-up amdoeation of the phytochemical production
process.

Il. MATERIALS AND METHODS

1. Plant Material: Bhagwa, aPunica granatum plant that is actively developing, was
purchased from IIHR in Bangalore. The donor plamisre kept in a protected
environment (Fig. 1) and treated every 15 days @with2% antifungal and antibacterial
spray. The plant was then used as a mother plarbtiuce explants.

Figure 1: Punica Granatum Mother Plant

2. Culture Medium: The first medium, known as the induction mediummsists of MS
medium (Murashige and Skoog, 1962), supplementdd 3%0 sucrose, 2,4-D-1 mg/l to
produce excellent callus growth, and PVP (Polyvipytollidone)-300 mg/l solidified
with 5.6 g/litre of agar. PVP is added to prevém medium from becoming brown when
phenolic chemicals build up in it. MS media with@ugelling agent are included in the
suspension cell culture medium used to transfardaed calluses.

3. Selection and Processing of ExplantsAs an explant, a nodal section of the improved
callus from the terminal bud of a pomegranate weeduThe explant was treated with
0.1% antifungal and antibacterial agents for 10ut@s in an aseptic environment. The
surface must next be sterilised with 70% ethanoBfbseconds and mercuric chloride for
3 to 4 minutes, depending on the size of the expkfter 15 minutes of washing with
Tween 20.

Prior to being transferred to media, the sterilisgglant underwent excision in

order to isolate the cambium tissue from otherscafid improve callus induction. Figure
2c makes it easy to see how cambial tissue sepdrata the xylem and phloem tissue.
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Figure 2a Figure 2b

Figure 2c Figure 2d

Figure 2: Stages of Callus Initiation 2a: Selection of Noddgments 2b: Explant
processed in medium; 2c: Cambial tissue being aggrhifrom other cells; and 2d: Callus
prepared to enter suspension cell medium.

4. Culture Conditions: The medium was sterilised in an autoclave for 20utas at 121°C
with the pH adjusted to 5.8. The medium was sg&rlibefore being put into jam tissue
bottles in a laminar flow hood. A culture environmewith constant darkness, a
temperature of 24°C, and a relative humidity of A986 used to incubate the inoculated
cultures. The original medium was cultivated ford2&s at 28 °C with 5000 lux of light.

5. Sub-Culturing: A callus that had been induced was weighed at 1:Q0gml of liquid
medium. This was then added to a liquid mediumdeveloping calluses that included
MS-Salts with a pH of 5.8, 1 mg/L of 2,4-D, 3% sus® as a carbon source, 100 mg/L of
inositol, 200 mg/L of PVP, and 5 mg/L of citric dciThe cells were cultivated for 28
days at a temperature of 242 °C and 120-140 RP&shaker without light. Renewing
the medium once after cell decantation every 28sdajows for the creation of
subcultures. A steady agitation was used to maintable cells in free from throughout
each passage of the well-established suspensitmesithat had no cellular clumps.
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Figure 3: Pomegranate Cell Suspensions in Shaker
[ll. DETERMINATION OF GROWTH AND VIABLE CELLS

The culture was ultimately transferred to a conftask and put in the shaker. Its
growth and viability were checked every day. Thenatous techniques listed below were
used to determine the growth. To increase the sgiglof the secondary metabolite when it
reaches the stationary phase, it is incubateddrptbsence of light. The fresh and dried cell
weights were used to calculate the growth indexiclvis a relative estimate (11). This is
crucial in figuring out the theoretical upper linoit cell concentration in plant cell suspension
cultures at large densities. A 45-mm filter papaswsed to filter 10 ml of the culture after
centrifuging it at 5000 rpm for 10 minutes. To detme the fresh cell weight, this was
weighed. Following an overnight drying period aD3T in a hot air oven, this was weighed
to determine the dry cell weight. The growth ind&{) was calculated using the following
formula (11.b):

_ Wf-wi
Towi

GI - (1)
Where,

Gl is growth index

Wi is the initial cell mass.

Both W; and W are taken either as fresh or dry weight

1. Measure of Conductivity: According to Loyola-Vargas et al. (2006) (12), adoctivity
metre was used to test the conductivity of the caliure. This method is used to assess
the growth kinetics of plant cell lines becauses iaffordable, practical, dependable, and
accurate. It is often used in applications invadviplant cell cultures in bioprocess
engineering. The plant cells are unaffected by it.

2. Measure of Growth Curve (Calorimeter and UV-Vis Spetrophotometer): The UV-
Vis spectrophotometer's measurement of cell derestyoptical density served as the
foundation for the growth curve's construction (¥8)road variety of wavelengths were
used for the first phases of the viability assesgmeith 630 nm being the most effective.

Copyright © 2024 Authors Pagé|



Futuristic Trends in Biotechnology
e-ISBN:978-93-6252-180-4
IIP Series, Volume 3, Book 6, Part 2, Chapter 2
PROTOCOL STANDARDIZATION FOR GENERATINGNVITRO PUNICA GRANATUM
IMPROVED CALLUS CELLS THROUGH ADVANCED TISSUE CULTRE TECHNIQUES

Thus, a UV-Vis spectrophotometer at 630 nm detetitedplant’'s increased callus cell
density.

3. Viability and Selection of the Improved Callus Cels: To ensure appropriate
development of the suspended enhanced callus éelé's blue staining was used to
determine the viability of the improved callus selUsing a phase contrast microscope,
the cells were seen (14). Up to 95% of viable cafid plant cells with vacuoles in the
suspension culture are in a viable condition. Téks degin the dying phase when that
proportion is reached. The following formula wasedisto determine the viability
percentage:

% Viability = [1 — (No.of Blue Cells + Total No.of Cells) X 100]................ (2)

4. Elicitors in Suspension CellsElicitors are used in conjunction with subculturedma to
encourage the accumulation of greater levels ofqumemicals. In addition to the basal
medium, jasmonic acid (200 g/l) and salicylic a2 mg/l) are utilized since they have
been shown to be efficient earlier (15). It is exaad after a 28-day incubation period.

5. Harvesting: The suspension cultures were centrifuged at 50001 R 10 minutes to
remove the callus. The supernatant was thrown awag. phenolic acid contents in both
the control enhanced callus cells and the eligiiduced improved callus cell pellets
were compared using the growth index of the cdlefse

6. Estimation of Phenolic Contents:The Folin Ciocalteu calorimetric technique was used
to determine the aloe vera extract's total pheraient [16]. 4 ml of sodium carbonate
(5%) and 1 ml of the extract were combined with|®frthe Folin-Ciocalteu reagent. The
mixture was then violently agitated and incubated30 minutes at 50 °C. Gallic acid
solutions with concentrations of 50, 100, 150, 2280, 300, 350, 400, and 450 mg/mi
were used to evaluate the absorbance of the rekersalution (1 mg/ml). After 90
minutes in darkness, the mixture's absorbance meh365 nm. Using the procedure, the
value of the total phenolic content was determiaed represented as mg gallic acid
equivalent (GAE) per gramme of extract.

C=C X VMmoo - (3)

Where,

C - Total phenolic content in mg/g in Gallic acguévalent (GAE),

C;- Concentration of Gallic acid established from ¢aébration curve in mg/ml,
V- Volume of extract in ml, and

M- The weight of plant extract in g.

IV. STATISTICAL ANALYSIS
The mean and standard deviation (SD) of the sampbkns were used to represent the

experimental findings. Microsoft Excel was usedibalyse every piece of data in duplicate,
with three independent replicates, and to expresslard errors.
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V. RESULTS AND DISCUSSION

Table 1: Callus Induction Percentage in Relation td&xplant Treatment Time.

Medium |Sterilization | Concentrations Time Total Ingsg'ltjign
Constituents| Agents (%) (Minutes) | Contamination
Percentage
MS Hgcl, 0.1% 3 62% 98%
medium +| (Mercuric 4 30% 94%
rzng /I+D 1| chloride) 5 5% 95%%

According to Hoque Aet al. (2006), the callus proliferation started from that
surface of the explant and eventually covered thieesexplant. In the initial stages, the calli
was colourless to yellowish, and over time, it adnlight green. After two weeks of
incubation, it turned dark green. Dark green ca#ire observed in basal medium MS+
sucrose 3%+ 2,4-D-1 mg-1l1+ PVP-300 mg-1l. Callihwhyperhydric exudates induced
necrosis soon after and started to turn brown. giwvth of some calli showed high
lignification, including their hard texture, wheseathers were embryogenic and separated
easily into small fragments. The success rate pfagx treatment is shown in Table 1. The
pomegranate callus growth curve was of the signtype, and four growth phases can be
distinguished in different days (15, 25, 35, 45 & days). In the lag phase (15-25 days),
callus initiation and proliferation were observeddrofound cell division, as also described
by previous studies (18). At 25-35 days (the exptakphase), the biomass of the callus
was significantly increased. The high level of galbiomass in the stationary phase (45 days)
of the callus growth curve suggests cellular memrstabilisation. It has been previously
reported that the stationary phase callus evideddynonstrated an increase in the
accumulation of gagaminine in the callus@yhanchum wilfordii (19). At the decline phase
(55 days), the callus biomass was drastically reduas compared to other phases. Explants
treated for 5 minutes with surface sterilizant theé maximum success rate and less
contamination. This response increased to 83.33%nwh,4-D (2 mg/L) was used in
combination with BA at 0.75 mg/L or with IBA at G2ng/L, as reported by Savita et al.
(2011) (20). The calluses induced were green, lagnd suitable for the subculture.

Table 2: Estimation of Growth Index, Conductivity and Viability of Improved Callus
Cells with Respect to Days after Subculture

. Growth . UV-Vis o

S No (Bzrir;/es) Index Conductivity Spectroscopy Viability
(no unit) (mS/cm) (600nm) (%)

1 0 0 4.08+0.02 0 92.14+0.04
2 1 0.028+0.004 3.83+0.03 0.091+0.007Y  93.72+0.05
3 2 0.084+0.023 3.84+0.05 0.459+0.0183  94.97+0.01
4 3 0.088+0.024 3.58+0.01 0.845+0.021  95.32+0.15
5 4 0.774+0.086 3.20+£0.02 1.640+£0.014  96.78%0.04
6 5 0.948+0.024 2.97+0.01 1.621+0.020  97.92+0.06
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7 6 0.863+0.078 2.72+0.01 1.654+0.009  98.99+0.04
8 7 0.669+0.075 2.69+0.02 1.647+0.011  99.47+0.03
9 8 0.629+0.018 2.38+0.01 1.662+0.00Y  98.72+0.02
10 9 0.644+0.034 2.21+0.02 2.349+0.005  97.40%0.09
11 10 0.844+0.057 2.14+0.02 2.534+0.010  94.54+0.10
12 11 0.612+0.041 2.34+0.03 2.864+0.834  96.47+0.03
13 12 0.744+0.041 2.11+0.03 3.012+0.00p  97.33%0.05
14 13 0.680+0.097 2.56+0.04 3.249+0.834  96.23+0.04
15 14 0.612+0.034 2.62+0.06 3.746+0.832  98.43+0.02
16 15 0.600+0.043 2.78+0.01 3.993+0.034  97.77+0.07
17 16 0.480+0.021 3.04+0.03 4.274+0.002  96.21+0.09
18 17 0.507+0.054 3.17+0.02 4.431+0.832  97.83+0.06
19 18 0.495+0.092 3.01+0.02 4.624+0.0201  98.73+0.07
20 19 0.470+0.036 3.22+0.04 4.743+0.46p  97.62+0.06
21 20 0.410+0.065 3.05+0.05 4.925+0.48f  96.32+0.21
22 21 0.367+0.054 3.19+0.03 5.120+0.04p  95.49+0.16
23 22 0.378+0.092 3.24+0.09 5.359+0.972  95.89+0.03
24 23 0.348+0.036 3.25+0.06 5.534+0.486  96.93+0.05
25 24 0.306+0.065 3.06+0.03 5.439+0.756  95.02+0.25
26 25 0.237+0.041 3.19+0.04 5.692+0.040  96.48+0.17
27 26 0.278+0.054 3.23+0.05 5.934+0.488  95.75+0.03
28 27 0.254+0.092 3.58+0.03 6.046+0.546  94.91+0.04
29 28 0.267+0.064 3.47+0.03 6.172+0.85p  93.64+0.03
30 29 0.241+0.041 3.69+0.07 6.210+0.573  91.38+0.04
31 30 0.222+0.045 3.58+0.04 6.184+0.814  83.99+0.07
32 31 0.187+0.018 3.79+0.04 6.298+0.783  76.83+0.09
33 32 0.210+0.034 3.76+0.05 6.234+0.43p  71.33+0.07
34 33 0.197+0.057 3.81+0.04 6.338+0.56/  67.54+0.08
35 34 0.201+0.004 3.69+0.07 6.438+0.543  67.34+0.05
36 35 0.191+0.057 3.74+0.09 6.359+0.326  67.29+0.06
37 36 0.218+0.082 3.86+0.08 6.254+0.356  65.83+0.02
38 37 0.207+0.074 3.90+0.10 6.435+0.364  64.32+0.01
39 38 0.195+0.064 3.87+0.02 6.234+0.872  63.75+0.05
40 39 0.187+0.075 3.92+0.01 6.432+0.573  60.19+0.07
41 40 0.285+0.067 3.95+0.03 6.298+0.45¢/  57.72+0.05
42 41 0.283+0.025 3.71+0.07 6.473+0.92  50.32+0.08
43 42 0.286+0.034 3.74+0.05 6.542+0.48)/ 47.17+0.06
44 43 0.290+0.034 3.58+0.06 6.234+0.45/  46.38+0.08
45 44 0.271+0.057 3.72+0.03 6.487+0.54)  45.19+0.12
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The thumb rule for the industrial exploitationmént cells for phytochemicals is the
stability of their growth in bioreactors (22). Whetefore monitored the growth curve,
conductivity, and stability of these cells to azal\the lag phase for subculturing. Based on
the growth curve, the need for subculturing totiresedia was between days 24 and 28 of
incubation, the end of the exponential growth phade this stage, the viability of cells
started to decline by less than 95%, which is waidgfor a steady yield of phytochemicals.

After the linear growth stage, the medium becae@eated of nutrients, and the cells
started to produce toxic substances (Bhojwani amddBn 1983). Moreover, the cell
viability, as shown in Table 2, was around 95% tigitwout the 28 days of culture. When cell
viability remains around 50%, it is considered tthet suspension culture establishment has
failed (Qui et al. 2009).

Table 3: Analysis of Total Phenolic Contents in Improved Callus Cells.

Conc. pg/mL

N\
» VW

Conc. of phgnollc Total Phenols pg/GAE

content in
pg/mi Control SA cells JA cells
Blank 0 0 0
50 6.83 11.05 10.96
100 9.23 15.37 13.28
150 11.42 19.45 16.72
200 14.74 24.91 22.13
250 19.64 29.53 21.62
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Graph 1: Comparison of Phenolic content in standard as ageélicitor SA induced
improved callus cells.
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The growth index and phenolic acid levelsRofgranatum suspension cell cultures
that were exposed to elicitors (SA and JA) are showTlable 3. Graph 1 shows that Elicitor
SA generated more phenolic content overall. Thgeaof phenolic content in our cultures
throughout the elicitor-induced suspension celts'aetiopment cycle was 11.05 to 29.53 g/g of
fresh weight. To obtain the maximum potential gatien of bioactive substances, cell
suspension culture must create as much metabgliaative biomass per unit volume as
feasible.

VI. CONCLUSION

Nearly all of the cell culture growth patterns wled a similar pattern of constant
biomass expansion beginning on day 0 and continumtigday 28. Throughout the course of
the experiment, the salicylic acid concentratioiizeid in the medium caused the phenolic
content ofP. granatum suspension cells to rise. On the other hand, linredted in vitro
cultures, the overall phenolic acid content rosendtically from day O to day 28. Therefore,
in P. granatum suspension cells treated with elicitors, 28 dags the ideal time for phenolic
acid production. The suspension culture's developm&as maximized. The results of the
study point to the need for more research on yralgkoving responses for different elictors
and concentrations. These findings suggest thatuhent technique clearly illustrates the
viability of employing cell suspension culture taciease callus for the synthesis of
phytochemicals in a very short amount of time fdfeaive scale-up of plant cell
suspensions.
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