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Abstract The search for natural antioxidants to
safeguard against several diseases is expanding rap-
idly. Interestingly, the levels of antioxidants have
been discovered to be greater in the in vitro-raised
calli than the plant extracts in vivo. The aim of this
research was to standardize the protocols for culturing
calli of five potential medicinal herbs and determine
their antioxidant and polyphenolic compounds. The
calli of carnation, goji berry, harmal, bitter cucumber,
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and datura were developed from young leaves using
Murashige and Skoog media with varied forms and
concentrations of cytokinin and auxin in combina-
tion after their optimization. Goji berry, carnation,
and datura initiated callus in 13 days, faster than bitter
cucumber (20 days). Datura had a 28.7% higher callus
induction rate than bitter cucumber. The callus weight
of goji berry was three times higher than harmal,
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with a 25.4% greater diameter than bitter cucumber.
The callus of goji berry had 4.3 times more phenolic
and ascorbic content than datura and 1.9X more than
harmal. The callus of datura had twice the total anti-
oxidant capacity of harmal. The callus of goji berry
exhibited 5.7% increased radical-scavenging activi-
ties than datura. The enzyme activities of catalase and
superoxide dismutase were 2.6% and 2.4% greater
in the callus of goji berry than datura. The callus of
goji berry also had 2.1% and 2.4% increased peroxi-
dase and ascorbate peroxidase activities than datura
and bitter cucumber, respectively. From the find-
ings, it can be concluded that the callus of goji berry
is a highly promising source of natural antioxidants,
exhibiting significantly higher levels of antioxidant
and polyphenolic compounds compared to other
medicinal herbs.

Keywords Bitter cucumber - Callus diameter and
weight - Callus induction percentage - Carnation -
Datura - Enzymatic and non-enzymatic antioxidants -
Goji berry - Harmal - Herbal medicine

Abbreviations
2,4-D 2.4-Dichlorophenoxy acetic acid
AAC Ascorbic acid content

ABTS 2,2-Azino-di-(3-ethylbenzothiazoline)-
6-sulfonic acid

ANOVA Analysis of variance

BAP Benzyl aminopurine

CD Callus diameter

CwW Callus weight
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DPPH-RSA  2.2-Diphenyl-1-picrylhydrazyl radical
scavenging assay

DoHS Department of Horticultural Sciences
IUB The Islamia University of Bahawalpur
LSD Least significant difference

MS media  Murashige and Skoog media

NAA Naphthalene acetic acid

POD Peroxidase

SOD Superoxide dismutase

TAC Total antioxidant capacity

TFC Total flavonoid content

TPC Total phenolic content

Introduction

Herbal therapy is the scientific practice of using
plants to treat diseases and disorders (Ahmed et al.
2014; David et al. 2015). In the last few decades, it
has become increasingly mainstream with develop-
ments and advancements in clinical research as well
as quality control (Atanasov et al. 2015). Medicinal
herbs encompass a number of plants with therapeutic
properties. These plant species provide a paradoxical
source of bioactive compounds that can be restored
to enhance pharmaceutical advancement (Hossen
et al. 2023; Ismail et al. 2023). According to an esti-
mate, the annual value of the global market for herbal
plants is around US$62. Moreover, about 50% of all
medications are derived from plants that perform a
vital role in the pharmaceutical sector (Savithramma
et al. 2016; Shakya 2016; Shaukat et al. 2023). For-
tunately, Pakistan is bestowed with abundant medici-
nal herbs of almost 2000 species, including carnation
(Dianthus caryophyllus), goji berry (Lycium barba-
rum), harmal (Penganum harmala), bitter cucumber
(Cucumis callosus), and datura (Datura stramonium)
with tremendous therapeutic potential (Ahmed et al.
2004; Bibi et al. 2011; Rehman et al. 2014; Khan
et al. 2017; Danquah et al. 2023). They have antibac-
terial, anti-cancer, anti-diabetic, immune-boosting,
skin-protective, cardioprotective, neuroprotective,
and anti-inflammatory effects on humans (Ahangar-
pou et al. 2019; Ciumérnean et al. 2020; Pangaribuan
et al. 2023). However, Pakistan’s medicinal plant
trade revenue is far lower than that of neighboring
countries such as India and China (Ullah 2017). This
is possibly due to a lack of research on new medicinal



Genet Resour Crop Evol

herbs or an assessment of existing medicinal herbs for
potential bioactive compounds.

Phytocompounds are crucial in traditional rem-
edies (Harakeh et al. 2017; Bharathi et al. 2022;
Chaudhary et al. 2023; Rejab et al. 2023). The most
commonly used phytochemical molecules in medi-
cines are phenolics, flavonoids, enzymatic antioxi-
dants, such as superoxide dismutase, peroxidase, cata-
lase, ascorbate peroxidase, and scavengers of reactive
oxygen species (ROS) (Zhang et al. 2015; Tungmun-
nithum et al. 2018). Nowadays, a number of investi-
gations have discovered that extracts of diverse nat-
ural resources, including medicinal plants,
hold significant potential for combating numer-
ous ailments (Chaudhuri et al. 2015; Ghate et al.
2016; Panja et al. 2016; Kupradit et al. 2023). Thus,
the term “Green Drug” has developed to describe the
practice of using plant phytochemicals that have been
extracted and refined, either with or without slight
chemical alterations (Basu et al. 2017; Sennoi et al.
2023). In the recent era, under controlled conditions,
callus culture technology has developed an enormous
improvement in the content of bioactive compounds
(Ali et al. 2018; Baloch et al. 2024). The calli extracts
of medicinal plants are high in these compounds as
compared to their in vivo plant extracts (Vignesh
et al. 2022; Taratima et al. 2023). The callus culture
technique has also enabled the sustainable produc-
tion of a product throughout the year, irrespective of
external climate or soil conditions (Pakseresht et al.
2016; Babich et al. 2020). Past research has docu-
mented the callus production protocols of certain
medicinal plants, including Dorem ammoniacum
(Irvani et al. 2010), Stevia rebaudiana (Janarthanam
et al. 2010; Keshvari et al. 2018), Tribulus terrestris
(Sharifi et al. 2012), Celosia argentea (Bakar et al.
2014), Achyranthes aspera (Sen et al. 2014), Grewia
carpinifolia (Adebiyi et al. 2017), and Datura inoxia
(Tardast et al. 2023). However, no comprehensive
study has been found to develop the callus production
protocols of the majority of medicinal herbs for their
potential assessment of bioactive compounds of phar-
maceutical importance. Therefore, it is vital to extract
and identify these bioactive compounds and standard-
ize their protocols in order to ensure their sustainable
supply to the pharmaceutical sector.

Keeping in view the above-mentioned questions,
this study was set out with two primary objectives:
1. To optimize callus formation in carnation, goji

berry, harmal, bitter cucumber, and datura; 2. To
assess the bioactive compounds in their calli, par-
ticularly enzymatic and non-enzymatic, and total
antioxidants, including ROS scavengers.

Materials and methods

Explant collection of medicinal herbs and their
sterilization

The young leaves (ageing one week) of five-month-
old experimental medicinal herbs, including car-
nation (Dianthus caryophyllus) var. Domingo,
goji berry (Lycium barbarum) var. Damaye, wild
harmal (Penganum harmala), wild bitter cucum-
ber (Cucumis callosus), and wild datura (Datura
stramonium), were collected as explants from the
Horticulture Experimental Area (29°22'17.4" N
71°45'53.6" E), Department of Horticultural Sci-
ences (DoHS), The Islamia University of Bahawal-
pur (IUB), Pakistan following established proto-
col and permission was obtained. Our plant study
complies with relevant institutional, national and
international guidelines and legislation. Further,
the plant material was identified and taxonomically
validated by well-known horticulturist Dr. Muham-
mad Wasim Haider, Lecturer at Department of
Horticultural Sciences, The Islamia University of
Bahawalpur, Pakistan. The voucher specimens were
submitted to gene bank of The Islamia University
of Bahawalpur, Department of Horticultural Sci-
ences, for allotment of voucher number (HORT-
122), multiplication and to ensure availability for
future use. The leaves were then shifted to the Plant
Tissue Culture Laboratory, DoHS, IUB, within
10 min, where they were surface sterilized by wash-
ing with distilled water to eliminate dust particles.
Subsequently, they were exposed to a 0.1% HgCl,
solution for 5 min, followed by rinsing with sterile
distilled water three times. Finally, the leaves were
dried under aseptic conditions (Ahmad et al. 2010).
The leaf explants were then excised into discs
of 10 mm x5 mm for inoculation. The leaf discs
were cultured on MS media (Murashige and Skoog
1962), supplemented with altered concentrations of
plant growth regulators (PGRs).
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Preparation of culture media and culture
establishment

MS media comprised of 3% sucrose, 0.8% agar, and
0.2% myo-inositol, as well as several macro- and
micronutrient salts, including calcium chloride,
potassium nitrate, ammonium nitrate, manganese
sulfate heptahydrate, magnesium sulfate, potassium
phosphate monobasic, zinc sulfate heptahydrate,
cupric sulfate, potassium iodide, sodium molybdate,
cobalt chloride, and boric acid, and vitamins such as
pyridoxine—HCl, thiamine-HCl, glycine, and nicotinic
acid, supplemented with different concentrations of
selected PGRs. The pH of MS media was maintained
to 5.840.2 prior to the addition of agar and then
autoclaved for 20 min at 121 °C and 15 1b. pressure.
The cultures were kept in the maintained tempera-
ture of 25+2 °C, relative humidity of 60-70%, and
300 pmol m~2 s~! light intensity for 16 h of light and
8 h of darkness. Every treatment was replicated four
times.

Optimization of PGRs
Carnation

Callus induction in carnation was carried out by sup-
plementing MS media with 0.5 mg L~! kinetin and
2 mg L' naphthalene acetic acid (NAA) after opti-
mizing their doses in preliminary assessment, includ-
ing 0, 0.25, 0.5, 0.75, 1, and 1.25 mg L~! kinetin and
0,0.5,1,1.5,2,and 2.5 mg L™! NAA.

Goji berry

Callus induction in goji berry was achieved by sup-
plementing MS media with 1 mg L™ benzyl ami-
nopurine (BAP) and 2 mg L™! 2,4-dichlorophenoxy
acetic acid (2,4-D) after optimizing their doses,
including 0, 0.5, 1, 1.5, 2, and 2.5 mg L~"BAP and 0,
0.5,1,1.5,2,and 2.5 mg L™! 2,4-D.

Harmal
Callus induction in harmal was attained by supple-

menting MS media with 0.5 mg L~! benzyl aminopu-
rine (BAP) and 1 mg L™! 2,4-dichlorophenoxy acetic
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acid (2,4-D) after optimizing their doses, including 0,
0.5, 1, 1.5, 2, and 2.5 mg L 'BAPand 0, 0.5, 1, 1.5,
2,and 2.5 mg L™ 2,4-D.

Bitter cucumber

Callus induction in bitter cucumber was performed
by supplementing MS media with 2 mg L™! BAP and
0.5 mg L™! NAA after optimizing their doses, includ-
ing 0, 0.5, 1, 1.5, 2, and 2.5 mg L~ BAP and 0, 0.25,
0.5,0.75, 1, and 1.25 mg L™! NAA.

Datura

The callus formation in datura was carried out by
adding 1 mg L™! BAP and 2 mg L™! 2,4-D to MS
media, after optimizing their doses including 0, 0.25,
0.5,0.75, 1, and 1. 25 mg L' for BAP, and 0, 0.5, 1,
1.5,2,and 2. 5 mg L™! for 2,4-D.

Studied attributes
Physical attributes

The number of days taken to callus induction was
counted after the inoculation of the explant on MS
media. The developed calli of each medicinal plant
were weighed five weeks after the explant’s inocu-
lation using an electronic scale (PR Series, Ohaus,
USA). The diameter of the calli was also recorded
five weeks after inoculation of explants using a ver-
nier caliper IP67, BEAPO Hardware Industrial Com-
pany, China). The percentage of callus induction was
computed after 5th week of explant’s inoculation
using the below formula:

Callus induction %

Number of explants callusing 100

" Total number of explants in the culture

Biochemical attributes

The calli of all experimental medicinal plants were
subjected to biochemical compound extraction
(Scheme 1). To find total phenolic content (TPC)
in the calli of the experimental medicinal plants the
absorbance was noted at 765 nm wavelength using
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Isolation of explant from medicinal herb for
callusing

Callogenesis

Extraction and analysis of bioactive constituents
from the calli

Scheme 1 Schematic diagram of in vitro extraction of enzy-
matic and non-enzymatic antioxidants from medicinal herbs

Folin-Ciocalteu reagent (Ainsworth and Gillespie
2007). A standard curve was plotted at the end of
the test to obtain the gallic acid concentration,
and TPC was expressed in mg kg~!. The calcula-
tion of the flavonoid level was achieved by using
method reported by Haider et al. (2024). In short, a
1 ml sample of callus culture from the experimen-
tal medicinal plants was thoroughly homogenized
with 4 ml of deionized water and 300 pl of sodium
nitrite. Then, the samples were stored for five

minutes. Subsequently, a solution containing 2 ml
of 1M NaOH was stirred with 300 pl of AICI;. The
absorbance was carried out at 510 nm wavelength.
It was expressed as mg kg~".

The antioxidative enzyme activities were ana-
lyzed by extracting 1 g of callus tissue in 2 ml phos-
phate buffer of pH 7.2 with the help of a chilled
mortar and pestle. Then the mixture was centri-
fuged for five minutes at 4°C with the help of a
Rotofix 46 centrifuge (Hettich, Kirchlengern, Ger-
many) set at 10,000xg. After a collection of super-
natants, the activities of antioxidative enzymes were
determined. The enzymatic activities of ascorbate
peroxidase (APX) (EC 1.11.1.11), catalase (CAT)
(EC 1.11.1.6), peroxidase (POD) (EC 1.11.1.7), and
superoxide dismutase (SOD) (EC 1.15.1.1) were
quantified using the methodology described in a
recent study by Haider et al. (2023). The samples
underwent analysis at multiple wavelengths: 290
nm for APX, 240 nm for CAT, 470 nm for POD,
and 560 nm for SOD. The enzyme activities were
measured and expressed in umol kg™' FW.

The 2,2-diphenyl-1-picrylhydrazyl radical scav-
enging assay (DPPH-RSA) was determined using
the methodology outlined by Ali et al. (2023), and
the results were represented as a percentage of
inhibition. In order to evaluate antioxidant capac-
ity of selected medicinal plants callus, the meth-
odology adopted by Osman et al. (2022) was used.
The molybdate reagent was prepared using 1 ml of
4 mM (NH,),Mo0O,, 28 mM Na;PO,, and 0.6 M
H,SO,. Then, the volume was increased to 50 ml
with distilled water. The calli of all medicinal herbs
were extracted after homogenization process. Sub-
sequently, 100 ml of the supernatant was pipetted
into a test tube. The test tube contained a total vol-
ume of 4 ml, including 3 ml distilled water and 1
ml molybdate reagent. The test tube was incubated
at 95 °C for 90 min. Following that, the test tube
was allowed to cool until it reached the surround-
ing temperature, which took about half an hour. The
resultant reaction mixture’s absorbance was then
measured at 695 nm wavelength. The average values
were measured and the findings were reported in
micromoles equivalents of Trolox per gram of fresh
callus weight of the sample. For the ABTS assay,
a previously described protocol by Shahzad et al.
(2022) was adopted and results were expressed as

@ Springer
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mg of Trolox equivalent in one gram of extract (mg
TE g~! extract).

Statistical analysis

Data was processed in Microsoft Excel 2016. The
analysis of variance (ANOVA) of processed data was
performed by using a Microsoft Windows applica-
tion, Statistix 9® (Analytical Software, Tallahassee,
USA). The means pair-wise analysis was achieved

Table 1 Analysis of variance for experimental medicinal
herbs for days to callus initiation (DCI), callus induction per-
centage (CIP), callus weight (CW), and callus diameter (CD)

Source of variance DCI CIP Ccw CD
Percentage of total variance

Medicinal herbs (MH) 85.26% 84.70** 93.23** 38.30%*

through Least Significant Difference Test. The corre-
lation among the measured attributes was examined
using “corrplot” function of R program 4.0.2 through
the general linear model procedure (R Core Team
2022). A significance level of 5% was chosen for all
the above statistics.

Results and discussion
Physical measurements of calli

There were significant differences (P <0.05) between
experimental medicinal plants for the studied physi-
cal attributes including days to callus initiation, callus
induction percentage, fresh callus weight, and callus
diameter (Table 1). Datura, goji berry, and carnation
took the shortest period (13 days) to start callusing,
followed by harmal (16.3 days), whereas, the long-

Error 14.74 1530 677 6170 est period (20 days) was taken by bitter cucumber
*Significant at P <0.05 (Fig. 1a). Likewise, callus induction percentage was
**Significant at P <0.01 also observed highest (98.7%) in datura, followed by
Fig. 1 Comparison of five 24 125
medicinal herbs for days to (a) B Days to callus initiation @ Callus induction percentage
callus initiation and callus H dg’:
induction percentage (a) 5 100 e
and callus weight and callus :‘E 16 §
diameter (b). Vertical bars ‘E‘ 75 g
show the means’ standard @ 5
error (+) (n=4). The letters = B
given above the vertical g 50 B
bars represent the statisti- o 8 E
cal variations between the 2 3
treatment means performed a 125 §
through the least significant
difference test at P <0.05
following analysis of vari- 0 0
ance. NS, non-significant mCallus weight OCallus diameter
2000 b 20 =
= b £
£ 16 3
E 1500 @
2 12 g
a;.» i
@ 1000 E
=] =
3 O
o
500 1.4
0 0

Carnation
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goji berry (95%), carnation (90%), and harmal (83%),
while, the lowest callus induction was observed in bit-
ter cucumber (70%) (Fig. 1a). In the present study, the
highest rate of callus induction was observed in those
leaf explants of datura supplemented with 1 mg L
BAP and 2 mg L™! 2,4-D together in Murashige and
Skoog (MS) media (Fig. 2). This could be due to pres-
ence of endogenous hormones in the explants which
determine their callus induction ability (Das et al.
2018; Javed et al. 2023). The synergistic impact of
BAP with 2,4-D have been reported for callus induc-
tion by several authors (Arif et al. 2014; Prakash et al.
2014; Das et al. 2018; Wang et al. 2023). The vari-
ations in callus responses among different medicinal
plants with varied doses of plant growth regulators
(PGRs) is possibly due to variations in endogenous
PGRs levels in the explants. In case of combined
use of cytokinin+ auxin such as BAP+2.4-D in goji
berry and datura, and kinetin + NAA in carnation, the
least callus initiation time (13 days) was recorded in
the explants and these combinations were noticed
to be ideal for callus induction in previous reports
of Mathur and Shekhawat (2013) and Ardestani
et al. (2015) showing that type and concentration of
PGRs required for callus induction varies between

plant species. The callus of goji berry was also
found heaviest (2250 mg) followed by that of datura
(1700 mg) and bitter cucumber (1700 mg), produced
significantly similar mass of callus, and then carna-
tion (1400 mg) (Fig. 1b). The lightest callus was pro-
duced by harmal (760 mg) (Fig. 1b). The maximum
diameter (15.67 mm) was observed in callus of goji
berry, followed by that of datura (15.3 mm), carnation
(15 mm), and harmal (14 mm) (Fig. 1b). The mini-
mum diameter was observed in the callus of bitter
cucumber (12.5 mm) (Fig. 1b). Our study confirms
the previous findings reported by Xu et al. (2008)
and Prakash et al. (2014) that the ratio of cytokinin to
auxin is crucial for callogenesis and subsequent callus
growth.

Analysis of non-enzymatic and total antioxidants in
fresh calli

Total phenolic content (TPC), total flavonoid con-
tent (TFC), ascorbic acid content (AAC), and total
antioxidant capacity (TAC) were highly significant
(P<0.01) as influenced by five different experimen-
tal medicinal plant species (Table 2). TPC was found
highest in callus of goji berry (415 mg g™ 1), followed

Fig. 2 Calli induction in selected medicinal herbs including carnation (A), goji berry (B), harmal (C), bitter cucumber (D), and
datura (E) by standardizing their Murashige and Skoog media composition protocols

Table 2 Analysis of variance for experimental medicinal
herbs for total phenolic content (TPC), total flavonoid con-
tent (TFC), enzyme activities of catalase (CAT), superoxide
dismutase (SOD), peroxidase (POD), ascorbate peroxidase

(APX), ascorbic acid content (AAC), total antioxidant capacity
(TAC), 2,2-diphenyl-1-picrylhydrazyl-radical scavenging assay
(DPPH-RSA), and 2,2-azino-di-(3-ethylbenzothiazoline)-6-sul-
fonic acid (ABTS) in their fresh calli

Source of variance TPC TFC CAT SOD
Percentage of total variance

POD APX AAC TAC

DPPH-RSA ABTS

Medicinal herbs (MH) 95.68** 85.92%* 97.25%*
Error 4.32 14.08 2.74 12.62

87.36** 93.78%*

94.50%*  96.41%* 94.67** 95.77** 95.77%*
6.21 5.49 3.58 5.32 4.22 4.22

**Significant at P <0.01
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highest TPC in the callus raised on MS media con- ® . . 6 &
taining cytokinin and auxin together. In the present APX ® . . . 8 &
study, callus weight and diameter had a strong posi- sob ® . . . . ‘ o
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tive correlation (> 0.8) with TPC (Fig. 4). The results CAT < o
are in good agreement with Nazir et al. (2020) and TPC '...... N &
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finding contradicts with Loredo-Carrillo et al. (2013) .
who found an inverse relationship of phenolic con- cw ...e=..==.. <
tent of Azadirachta indica with callus weight. Alter- TFC ....‘..... ..

natively, TFC was found highest (46.7 mg g~') in
callus of datura, followed by that of goji berry (45.5
mg g~!), bitter cucumber (32.6 mg g~!), and carna-
tion (32 mg g~!) (Fig. 3a). The lowest TFC was noted
in harmal (23 mg g~!) (Fig. 3a). It is evident from
many previous reports that BAP is the most appro-
priate source of cytokinin to regulate cell division in
medicinal plants and 2,4-D auxin for the initiation
and proliferation of callus (Farhadi et al. 2017; Far-
vardin et al. 2017; Basit et al. 2023). In this study, the
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Fig. 4 Pearson correlation (P<0.05) among the analyzed
physicochemical attributes of five selected medicinal herbs.
CW, callus weight; CD, callus diameter; TPC, total phenolic
content; TFC, total flavonoid content; AAC, ascorbic acid con-
tent; CAT, catalase; SOD, superoxide dismutase; POD, per-
oxidase; APX, ascorbate peroxidase; DPPH-RSA, 2,2-diphe-
nyl-1-picrylhydrazyl-radical ~scavenging activity; ABTS,
2,2-azino-di-(3-ethylbenzothiazoline)-6-sulfonic acid; TAC,
total antioxidant capacity
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highly productive callus for TFC belonged to datura
which was raised on MS media comprising 1 mg
L~! BAP+2 mg L~! 2,4-D. The results are remark-
ably similar with Palacio et al. (2012) who noted
that differentiation of plant tissues is a prerequisite
for production of flavonoids. Similarly, Karakas and
Turker (2016) found that highly-proliferated and com-
pact plant callus contained higher levels of second-
ary metabolites. AAC (415 mg g_l) and TAC (46.7
mmol TE g~!) were found higher in the calli of goji
berry and datura, respectively (Fig. 3b). On the other
hand, lowest levels of AAC (95.2 mg g~') and TAC
(23 mmol TE g~!) were noted in datura and harmal
(Fig. 3b). Krishnan et al. (2015) have reported simi-
lar results that endogenous ascorbic acid content dif-
fers among plant species and that cytokinin and auxin
have a synergistic effect on callus’s antioxidant levels.

Analysis of radical scavenging assays and enzymatic
antioxidants in fresh calli

The radical scavenging assays including 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) and 2,2-azino-di-(3-
ethylbenzothiazoline)-6-sulfonic acid (ABTS) as well
as enzyme activities of catalase (CAT), superoxide
dismutase (SOD), peroxidase (POD) and ascor-
bate peroxidase (APX) were significantly affected
by medicinal plant species (Table 2). The values of
DPPH-RSA (387.2%) and ABTS (267.8 mg TE g™
were found highest in calli of goji berry, followed by
bitter cucumber, harmal, and carnation (Fig. 5a). The
lowest values of DPPH-RSA (68.4%) and ABTS (47.3
mg TE g™ 1) were recorded in calli of datura (Fig. 5a).
In line with our results, Krishnan et al. (2015)
observed higher DPPH-RSA and ABTS in callus cul-
ture of Gynura procumbens than G. bicolor. This may
be attributed to the variations in the scavenging effect
among plant family and species, whereby plants of
same family Pseudopiptadenia contorta and Platy-
podium elegans exhibited different scavenging effects
(Mensor et al. 2001). In an earlier study, leaf callus

cultures of Ocimum sanctum showed a range of vari-
ation for antioxidant activity in the form of DPPH-
RSA and ABTS (Song et al. 2012). CAT (393.4 umol
s7! kg7!) and SOD (112.7 pmol s~ kg™!) enzyme
activities were found highest in calli of goji berry,
while datura was found to have lowest activities of
both CAT (151.4 pumol s~' kg!) and SOD (47.1 umol
s™! kg™!) enzymes in its calli (Fig. 5b). Although,
calli of goji berry and harmal were statistically simi-
lar for CAT enzyme activity (Fig. 5b). Similarly, calli
of datura and bitter cucumber were also observed to
have significantly similar enzyme activities of SOD
(Fig. 5b). Furthermore, goji berry exhibited highest
activities of POD (456.7 umol s~! kg™') and APX
(367.6 umol s~ kg™!) enzymes (Fig. 5c). The low-
est enzyme activities of POD (222.6 umol s~! kg™!)
and APX (151 umol s~ kg~") were recorded in datura
and bitter cucumber, correspondingly (Fig. 5¢). Cata-
lase is a key enzymatic H,O, scavenger that catalyzes
the breakdown of H,0, into H,O and O, (Libik et al.
2005). Our study supports the findings of Fikret et al.
(2013) and Saeed et al. (2024), who noted a substan-
tial cultivar variation in the antioxidative enzyme
activities of eggplant’s callus tissues. However, our
study refutes the findings of Cui et al. (1999), who
reported that the production of callus in Lycium bar-
barum has always been preceded by a decline in CAT
activity. SOD is main scavenger of O~2 that cata-
lyzes superoxide radical into H,O, which is further
scavenged by CAT and other peroxidases (Lin and
Kao 2000). Fikret et al. (2013) found much higher
SOD activity in callus of salt-tolerant eggplant cul-
tivar than salt-sensitive. Furthermore, Karakas et al.
(2016) observed a strong positive correlation between
CAT, SOD, POD and APX activities and accumula-
tion of total phenolics, total flavonoids which is in
good agreement with our findings as evident from
Fig. 4. Overall, the findings of this research provide
a strong empirical confirmation of goji berry callus
as a potential source of enzymatic and non-enzymatic
antioxidants.
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Conclusion the bioactive compounds production. Furthermore,
our findings have proved that the callus of goji berry
Our study has established a foundation for modern is an abundant source of natural antioxidants for their
research to apply new biotechnologies on metabolic sustainable supply to the pharmaceutical industry.

pathways in order to reveal ideal conditions for calli
induction in potential medicinal plants and maximize
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