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ABSTRACT

Gardenia is regarded as an ornamental and medicinal plant that
includes important phenolic compounds,as well as some of anti-
inflammatory flavonoids. The most prevalent hydroxyl cinnamic acid in
plants is ferulic acid, which is 4-hydroxy-3-methoxy cinnamic acid. It
demonstrates a wide range of biological activity that can be utilized as a
substrate for the synthesis of chlorogenic acid. The current study aimed to
evaluate the accumulation of ferulic acid and antioxidant capacity in
response to ABA and PEG and mimic the draught stress, in the in vitro
culture of Gardenia jasmonides Variegata. Different concentrations of
abscisic acid (ABA) and polyethylene glycol (PEG) (MW: 4000-6000) were
applied individually in the culture medium of Gardenia jasmonide Variegata
callus cultures to evaluate their effects on the growth as well as the ferulic
acid content and antioxidant capacity. The results showed that maximum
values for growth indicators (fresh and dry weight) at the fourth week of
culturing (9.524 and 0.446 g, respectively) with the addition of 5 g/l PEG
(M.W. 6000). As for ferulic acid, PEG (M.W. 6000) at 7.5 g/l gave 2.708
pg/g dry weight ferulic acid in the second week, which is remarked as the
highest ferulic acid content. The highest antioxidant activity was recorded
using 7.5 g/l PEG (M.W. 4000) in the fourth week, which was recorded at
2491.6-812.61 uM Trolox equivalent / 100mg sample when 2,2'-azino-bis3-
ethylbenzothiazoline-6-sulfonic acid (ABTS) and ferric reducing antioxidant
power (FRAP) were subjected, respectively. Finally, it can be concluded that
using PEG in various treatments had a positive impact on the growth and
accumulation of ferulic acid in Gardenia jasmonide Variegata calli cultures
and subsequently increased the anti-oxidant activity as opposed to using
ABA.
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INTRODUCTION

Plants produce a variety of defence
secondary metabolites, mainly phenolic
and nitrogen-containing compounds, to
reduce the effects of various climate
change-related stresses (such as warming
due to increased greenhouse gas
emissions, drought, cold, ozone layer
depletion, and harmful UV radiation)
(Julkunen et al., 2014). Plants affected
by climate change may be a significant
source for drug development because the
manufacturing of defence compounds in
plants (including medicinal plants) is
frequently elevated and these compounds
have varied pharmacological qualities.
Researchers who are looking for
alternative options for the drug discovery
process may use other wild plants that
have been subjected to different climatic
or abiotic stresses. When plants are
under stress, bioactive compounds are
elevated. The output of bioactive
compounds from plants may be
increased by cultivating target plant
tissues on a large scale in a controlled
environment using different abiotic
stresses. As a result, plant tissue culture
would provide academics and the
pharmaceutical  industry  with  an
additional platform to scale up the
production of valuable phytochemicals
under climate change factors (Yeshi et
al., 2022). Recently, plant cell and tissue
culture techniques have been regarded as
a valuable platform to  mimic
environmental conditions and/or
environmental stress on plants (i.e.,
drought, salinity, etc.) (Gabr et al.,
2020). Currently, research on the
principal effects of climate change on
plants (salinity and drought) s
considered to be a key foundation for

understanding how plants respond by
creating secondary metabolites (Gabr et
al., 2020). Secondary metabolites are
generated as a result of defence reactions
that elicitors can activate and elevate
(Radman et al., 2003). Since then, plants
have been regarded as a major source of
the biosynthesis of bioactive compounds,
which are used as pharmaceuticals.
About 25% of all human-made
medications are thought to be derived
from medicinal plants (De Luca et al.,
2012-Wurtzel and Kutchan, 2016). The
growth phase and physiology of the
plant, as well as the environmental
growth conditions, affect the production
of bioactive compounds by different
plant species. A useful tool for
simulating environmental stress on plants
is in vitro elicitation (Gabr et al., 2020).
One of the most practical and successful
methods for increasing the synthesis of
secondary metabolites in plants is the
elicitation  process.  Elicitation in
biotechnology is frequently described as
enhancing and activating the formation
of metabolites through the addition of
low amounts of elicitors (Isah et al.,
2018). Elicitors may be used to increase
the synthesis of secondary metabolites in
plants. They may also play a significant
role in several biosynthetic pathways to
increase the production of commercially
important bioactive compounds. The two
main groups, abiotic and biotic, are the
most practical and widely accepted
classifications for elicitors [Namdeo,
2007-Patel and Krishnamurthy,2013).
The non-toxic polymer polyethylene
glycol (PEG), which has varying
molecular weights, is thought to reduce
water uptake by tissues by lowering the
osmotic potential in the culture medium
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when added to in vitro plant cultures
(Lawlor, 1970- Aazami et al., 2010). Its
effect resembles, to a great extent,
drought stress. The impact of PEG
treatment in vitro on plant development
and biochemical changes has been
studied in a variety of species, including
Agave salmiana (Puente-Garza et al.,
2017)] and Allium hirtifolium
[Ghassemi-Golezani et al., 2018). On the
other hand, the ability of plants to adapt
to drought circumstances is related to
abscisic acid's involvement in several
plant growth processes and its stress-
related responses. Stomatal closure
caused by ABA under drought stress
lowers water loss by lowering the
transpiration rate. Additionally, ABA
promotes root cell elongation and
gradually raises hydraulic conductivity,
allowing plants to recover from water
shortages (Daszkowska-Golec, 2016).
Gardenia is a member of the
Rubiaceae plant family, which includes
attractive and therapeutic plants. The
Gardenia species jasmonide with its
subspecies Variegata is utilized in this
investigation. Gardenia has demonstrated
that it can be used to treat inflammatory
diseases and relieve pain. Since it
includes numerous beneficial phenolic
components, such as cinnamic acid and
chlorogenic acid, as well as numerous
anti-inflammatory flavonoids, such as
rutin (Raj and Singh, 2022). 4-hydroxy-
3-methoxycinnamic acid, often known as
ferulic acid, was first extracted from the
ferule foetida. It is a naturally occurring
phenolic phytochemical found in various
plants, seldom in its free form but
typically in conjugated form with the
plant cell wall. It gets its name from the
scientific name of the plant and is
thought to be the most prevalent

hydroxyl cinnamic acid in the plant
world (Mathew and Abraham, 2004).
The synthesis of numerous other
significant organic molecules, including
vanillin, depends on ferulic acid. It
serves as a potential precursor for the
production of natural vanillin. Ferulic
acid, which possesses anti-oxidant, anti-
inflammatory, and  anti-thrombotic
effects, is effective in treating several
respiratory disorders (Xie et al., 2021).
Recently, the severe acute respiratory
illness corona virus 2 (SARS-CoV-2) is
thought to be the source of the 2019
corona virus disease (COVID-19), which

has turned into a global pandemic
disaster and claimed an incalculable
number of lives [18]. It has been

discovered that ferulic acid, a therapeutic
molecule with anti-tumor and antiviral
properties, may have pharmaceutical
applications. Therefore, the purpose of
this investigation was to identify the
pharmacological mechanisms of ferulic
acid as well as the prospective
therapeutic targets of ferulic acid in the
treatment of patients with COVID-19
(Merad et al., 2022). It demonstrates a

wide range of biological activities,
including antiviral, anti-inflammatory,
antimicrobial, anti-allergic,

hepatoprotective, and anti-carcinogenic
(Pang et al., 2022). Ferulic acid has a
lipid-lowering  effect by lowering
triglyceride and cholesterol levels, which
lowers the risk of heart disease and acts
as an anti-atherogenic (BOZ, 2015).
Curcumin and ferulic acid's combined
action mechanisms may be effective in
preventing and reversing the
development of Alzheimer's (Ohashi et
al., 2022). It may be used to reduce
diabetes and high blood pressure (Wang
et al., 2021). It could have anti-ageing,
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neuroprotective, and  anti-apoptotic
properties. It is regarded as one of the
most  photo-protective ingredients
included in sunscreens and skin creams.
(Bumrungpert et al., 2018). Because
ferulic acid is a 4-hydroxy-3-methoxy
cinnamic acid that can be used as a
substrate for the manufacture of
chlorogenic  acid, (Kumar  and
Pruthi,2014] and Gardenia is abundant in
these phenolic compounds (such as
cinnammic acid and chlorogenic acid)
(Uddin et al., 2015).

The current study aimed to evaluate
the accumulation of ferulic acid and
antioxidant capacity in response to ABA
and PEG, to mimic the draught stress, in
the in vitro culture of  Gardenia
jasmonides Variegata.

MATERIALS AND METHODS
Plant material

Gardenia  jasmonides  Variegata
growing in El Zouhria botanical garden,
Cairo, Egypt, was used as the starting
material. Shoot segments of about 5 cm
were cut and put under tap water for one
hour. Then sterilized using 70 % ethanol
for one min. Then 30 % clorox for five
min. And rinsed three times with
distilled water.  The plantlets were
subcultured three times on Murashigue
and Skoog (MS) medium (Murashige
and Skoog,1962) supplemented with 2
mg/l BA for shoots multiplication
needed for callus induction for this study
(El-Ashry et al., 2022).
Calli cultures

Following EI  Ashry et al,
2022callus induction was carried out by
cutting the leaves of in vitro-growing
Gardenia jasmonide Variegata plantlets
into segments that were approximately

0.5cm and placing them on MS medium
supplemented with 0.5 mg/l BA and 0.5
mg/l picloram for one subculture (four
weeks) in the dark. For the callus
formation required for this study, the
inducted callus was subcultured on
Murashigue and Skoog (MS )medium
enriched with 4 mg/l TDZ (control
treatment).
Effect of abscisic acid (ABA) on fresh
and dry weights of calli

Approximately 0.5 g of friable fresh
calli were transferred to MS medium
(Murashige and Skoog,1962) that was
supplemented with 4 mg/l TDZ (control
treatment) with different concentrations
of ABA (0.25, 0.5, and 1 mg/l) as
follows:
T1: MS medium + 4 mg/l TDZ (control)
T2: Control + 0.25 mg/l ABA
T3: Control + 0.5 mg/l ABA
T4: Control + 1 mg/l ABA

Samples from three replicates were
harvested at the end of the first, second,
third, and fourth weeks. Fresh weights
were recorded, and the samples were
dried using a freeze dryer, and the dry
weights were recorded.
Effect of polyethylene glycol (PEG) on
fresh and dry weights of calli

Approximately 0.5 g of friable fresh
calli were transferred to MS medium
supplemented with 4 mg/l TDZ (control
treatment) with different concentrations
(2.5, 5, 7.5 g/l) of PEG (M.W. either
4000 or 6000) as follows:
T1: MS medium + 4 mg/l TDZ (control)
T5: Control + 2.5 g/l PEG M.W. 4000
T6: Control +5 g/l PEG M.W. 4000
T7: Control +7.5 g/l PEG M.W. 4000
T8: Control + 2.5 g/l PEG M.W. 6000
T9: Control +5 g/l PEG M.W. 6000
T10: Control + 7.5 g/l PEG M.W. 6000
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Samples from three replicates were
harvested at the end of the first, second,
third, and fourth weeks. Fresh weights
were recorded, and the samples were
dried using a freeze dryer, and the dry
weights were recorded.

Sample extraction

Following Gabr et al.,, 2017, the
extraction was carried out in complete
darkness. For each treatment, 100 mg of
grounded dried samples of calli were
extracted in 1.5 ml of 80% methanol for
24 hours. After that, the extracts were
sonicated for 20 minutes in an ultrasonic
water bath (Grant, United Kingdom).
Samples were centrifuged for 5 min. at
6000 rpm (Sigma, 2-16 PK, and
Germany). The extracts were collected
and the pellets were extracted twice with
500 pl of the same solvent. The extracts
were stored at - 20 ° C until further use.
Effect of ABA and PEG on ferulic acid
content using high performance liquid
chromatography (HPLC)

Ferulic acid content was assessed
weekly by HPLC on a Unicam Crystal
200 Liquid Chromatograph (Column:
Kromasil C18 5um250*4.66 mm). The
mobile phase consisted of methanol and

water (both acidified with 0.3%
orthophosphoric acid w/v). The flow rate
was 1.4 ml/min. Substances were

detected by absorption at A= 320 nm, and
their identifications were carried out by
the comparison of retention times and
absorption spectra with the ferulic
standard. The ferulic standard used was
manufactured by Sigma Aldrish. Sample
content was expressed as ug/g dry
weight and derived using a known
concentration of standard and sample
peak areas.

Antioxidant analysis
2,2'-azino-bis3-ethylbenzothiazoline-
6-sulfonic acid (ABTS) analysis

Using the ABTS radical, total
antioxidant capacity was calculated. At
734 nm, absorbance was measured every
minute for six minutes. After six
minutes, the radical scavenging activity
was expressed as a percentage of ABTS
discolouration. Additionally, the ABTS
Radical Scavenging Activity was
ascertained through comparison with
Trolox's standard calibration curve.
Trolox equivalents (UM of TE) per 100
mg dry weight (100 mg DW) were the
unit of presentation for the results
(Robereta et al., 1999).
Ferric reducing antioxidant power
(FRAP) analysis

The method described by (Benzie et
al., 1996) was applied with minor
adjustments to determine the ability to
reduce ferric ions. For the standard
curve, fresh Trolox working solutions
were employed. The linear calibration
curve was used to compute the
antioxidant  capacity, which  was
expressed as uM Trolox equivalents per
100 mg dry weight of sample. The
antioxidant capacity relied on the
sample's ability to reduce ferric ions.
Statistical analysis
All analysis was in triplicate and data
reported as Mean + Standard Deviation
(SD). Data were subjected to analysis of
variance (One-way ANOVA) (p<0.05).
Results were processed by Excel
(Microsoft office 2010).

RESULTS AND DISCUSSIONS
Effect of ABA on fresh and dry
weights of calli

The effects of three ABA
concentrations (0.25, 0.5, and 1 mg/l) on
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calli fresh and dry weights during the
four weeks of cultivation The values for
fresh and dry weight were varied based
on the different treatments, as shown in
Figs. 1 and 2. The fresh and dry weights
generally follow the same trend since
they both gradually increased until the
third week, when they started to decline.
At the end of the third week, the fresh
and dry weights recorded their maximum
values. The third week showed the
highest fresh weight of fresh calli with
the control (without ABA). Increasing
ABA concentration typically causes a
reduction in fresh weight (Fig. 3). The
fresh weight was observed to decrease by
using 0.5 mg/l ABA, reaching its lowest
value (2.725 g of fresh calli) in the first
week. Additionally, the first week of
treatment with 0.5 mg/l of ABA resulted
in the lowest dry weight (0.075 g of
dried calli). While, the highest dry
weight (0.265 g of dried calli) was
obtained in the third week with the
control (without ABA) treatment. During
the plant's life cycle, abscisic acid is
known to be produced as an endogenous
hormone to regulate several
physiological processes (Tripathi and
Tuteja ,2007). Our findings on ABA
were supported by those from others
(Nasab et al., 2012], who stated that the
increase in  ABA  reduced the
proliferation of calluses in wheat. And
with (Ruminska et al., 2013) findings,

who reported that applying a high
concentration of ABA reduced calli
proliferation, the lower ABA

concentration improved the increase in
calli fresh weight in their investigation
on the indirect somatic embryogenesis of
cacti.

Effect of PEG on fresh and dry
weights of calli

The effects of PEG with two
molecular weights (M. W. 4000 and
6000) at different concentrations (2.5, 5,
and 7.5 g/l) on calli fresh and dry
weights during the four weeks of
cultivation are presented in Figs. 4 and 5.
The values for fresh and dry weight were
varied based on the different treatments.
With adding 5 g/l PEG (M.W. 6000), the
fresh and dry weights reached their peak
values at the end of the fourth week,
which were (1 9.524 g of fresh calli and
0.446 g of dried calli, respectively).
While adding 7.5 g/l PEG (M.W. 4000)
in the third week resulted in the lowest
fresh weight (2.745 g of fresh calli),
while adding 2.5 g/l PEG (M.W. 4000)
in the first week resulted in the lowest
dry weight (0.085 g of dried calli) (Fig.
6).The non-toxic polymer polyethylene
glycol (PEG), which has varying
molecular weights, is thought to reduce
water uptake by tissues by lowering the
osmotic potential in the culture medium
when added to plant cultures of tomato
(Aazami et al., 2010). According to the
data, our findings match those of other
researchers (Sarmadi et al.,2019 ), who
observed that, as PEG concentration
increased, the fresh weight (FW) and dry
weight (DW) in the calli decreased by
lowering the calli's water content. Taxus
baccata L. callus culture. The largest
fresh callus culture weight was produced
with 10% PEG in the absence of ABA,
according to Jameel and Abdulaziz, 2012
in their study on the somatic embryo
development in date palm (Phoenix
dactylifera L.), and even 1 M of ABA
added to the suspensions stopped growth.

-732-



Amal A. El Ashry et. al, 2023

Biochemical analysis
Effect of ABA on ferulic content using
HPLC

Data were recorded weekly for four
weeks using HPLC to assess the impact
of abscisic acid on the amount of ferulic
acid (Fig. 7). It was discovered that
ferulic acid could be found in varying
quantities in samples from calli cultures
that had undergone various treatments.
According to the findings in Figs. 7 and
8, the amount of ferulic acid was
changed greatly depending on the
various treatments. In terms of the
variation in ferulic acid content, the
control treatment showed the maximum
ferulic acid content in the third week
(2.789 ng/g dry weight). It is obvious
that applying ABA at various
concentrations generally has a negative
effect or even reduces the ferulic acid
content during the four weeks of
culturing, except when it is used at a low
concentration (0.25 mg/l) in the second
week, it recorded 2.152 pg/g dry weight.
As ABA concentration rises, ferulic acid
gradually declines over weeks, since
when the calli are cultivated on MS
medium supplemented with 1 mg/l ABA
for three weeks, the ferulic acid reaches
its lowest level (0.05 pg/g dry weight). In
accordance with our findings, ferulic
acid steadily declines as ABA
concentration and time increase.
According to several reports, ABA is an
endogenous hormone that regulates a
variety of physiological functions
throughout a plant's life cycle (Ruminska
et al., 2013). Our findings can be
explained by what was reported by
(Wakabayashi et al., 1997) who reported
that, while coleoptiles of dark-grown
wheat (Triticum aestivum L.) grew, so
did the levels of wall-bound diferulic

acid (DFA) and ferulic acid (FA);
however, the increases were significantly
inhibited by ABA. On the other hand,
their contents increased and approached
control coleoptile levels when ABA was
eliminated. The mechanical properties of
cell walls and the amounts of DFA and
FA were shown to be closely correlated.
In the control coleoptiles, the activity of
phenylalanine (PAL) and tyrosine-
ammonia-iyase (TAL) increased rapidly.
The increases in this enzyme activity
were significantly inhibited by ABA.
According to these results, ABA inhibits
the elevation of PAL and TAL activities
in wheat coleoptiles, which lowers the
amount of wall-bound FA. This, in turn,
could decrease the level of DFA and
preserve the flexibility of the cell wall.
Our findings regarding ABA are
consistent with those made by others (Li
et al., 1993), who claimed that ABA and
phenolic acids, particularly p-coumaric
acids and ferulic acid, had significant
interactions on lettuce seed germination.
Together with ABA, these phenolic
substances demonstrated additive
inhibitory effects on seed germination.
Antioxidant activity using ABTS assay
The data in Fig. 9 show that, applying
0.25 mg/l ABA recorded the maximum
antioxidant activity, particularly during
the second week of culturing (2646.5 uM
Trolox equivalent per 100 mg sample).
As the ABA concentration increased, the
antioxidant activity steadily declined.
This pattern overlaps with the ferulic
acid pattern, indicating a relationship
between antioxidant activity and ferulic
acid concentration.
Antioxidant activity using
assay

The data in Fig. 10 show the FRAP
method's measurements of antioxidant

FRAP
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activity during the four weeks of
cultivation. The data in Fig. 10 show that
0.25 mg/l ABA showed the highest
antioxidant activity, particularly in the
second week of cultivation (869.27 uM
Trolox equivalent/100 mg sample),
which is supported by the results of the
ABTS method in Fig. 9. It can be said
that the antioxidant activity is related to
the ferulic acid content since this pattern
is often associated with the antioxidant
activity using ABTS and the ferulic acid
pattern. Since it decreases as ABA
concentration rises. It was found that
when ABA concentration increased,
antioxidant activity steadily decreased.
Our findings may conflict somewhat
with those of other researchers (Gagne et
al., 2011- Sandhu et al., 2011), who
showed that grapes can accumulate
anthocyanins when exogenous ABA is
applied. It has been demonstrated that
ABA treatment can raise the anthocyanin
content of strawberries, which increases
the fruit's anti-oxidant activity (Jiang and
Joyce, 2003).
Effect of PEG on ferulic acid content
using HPLC

HPLC was performed to assess the
impact of polyethelene glycol on the
amount of ferulic acid, and data were
collected weekly (Fig. 11). Ferulic acid
could be detected in samples extracted
from calli cultures that had undergone
different  treatments  with  varied
concentrations. According to Figs. 11
and 12, the amount of ferulic acid
changed greatly depending on the
various treatments. It was determined by
displaying the different treatments of
polyethylene glycol that it has a positive
effect on the ferulic acid content. It was
found that wusing MS  medium

supplemented with 7. 5 g/l PEG (M.W.
6000) in the second week recorded the
highest ferulic acid content (2.708 pg/ g
dry weight). While the MS medium
supplemented with 2. 5 g/l PEG
(M.W.4000) in the second week showed
the lowest ferulic acid level (0.048 pg/g
dry weight), however. In general, it can
be recognized that ferulic acid increases
gradually with further weeks in different
polyethylene glycol treatments. Except
when 7. 5 g/l PEG (M.W. 6000) was
added, which resulted in 2.708ug/g dry
weight of ferulic acid at the end of the
second week and a fast decline to 0.513
Mo/g dry weight at the end of the third
week (Fig. 11).

By reducing leaf growth, ferulic
acid, which is covalently bonded to the
cell wall's carbohydrates, supports
drought adaptation. drought may have
produced defensive mechanisms, such as
the reported increase in cell-wall-bound
ferulic acid concentration in response to
a water deficit in the leaf. Another valid
biochemical indicator of a plant's
resistance to drought stress may be its
ability to accumulate phenolic
compounds in dehydrated leaves (Hura
et al., 2009). It has become clear that
exposure of plants to water shortage
leads to an increase in the intensity of
blue fluorescence emitted by plants and
results from phenolic compounds,
especially ferulic acid (Hura et al.,
2006). By comparing the various
treatments with polyethylene glycol, it
became apparent that applying PEG had
a positive impact on the ferulic acid
level. Since when PEG is added to plant
cultures, the osmotic potential in the
culture medium decreases, reducing the
amount of water that tissues can absorb
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and simulate the effects of drought stress
on plants then adding PEG to the culture
medium resembles the effect of drought
on plants in which increasing the ferulic
acid content. (Li et al., 1993- Gagne et
al., 2011). Our findings correspond with
other researcher’s findings (Chakhchar
et al., 2016) who reported that, ferulic
acid was the most common phenolic
component found in wheat under water
stress caused by the application of PEG
6000 and seemed to be mostly related to
the inhibition of germination.
Antioxidant activity using ABTS assay
To study how PEG affected antioxidant
activity using ABTS, samples were taken
every week through four weeks of
cultivation. By presenting Fig. 13, it can
be observed that, the maximum
antioxidant activity was observed when
75 g/l PEG (M.W. 4000) was used,
especially during the fourth week of
culturing (2491.6 UM Trolox
equivalent/100 mg sample).

Antioxidant activity using FRAP assay
The data in Fig. 14 show the FRAP assay
assessments of antioxidant activity
during the four weeks of cultivation. It
was found that, by using 7.5 g/l PEG
(M.W. 4000), the maximum antioxidant
activity was recorded, particularly in the
fourth week of culturing (812.61 uM
Trolox equivalent/100 mg sample), as
shown by the results in Fig. 14. This
finding is supported by the ABTS assay
in Fig. 13. Typically, ABTS is used to
confirm this pattern of antioxidant
activity.

It has become clear that exposure of
plants to water shortage leads to an
increase in the intensity of blue
fluorescence emitted by plants resulting
from phenolic compounds, especially
ferulic acid and increasing the phenolic

compounds increased the antioxidant
activity (Hura et al., 2006). Our findings
agree with other authors findings
(Hajihashemi et al., 2018),who showed
that all PEG treatments enhanced the
total antioxidant capacity. Additionally,
they discovered that the greatest Stevia
rebaudiana Bertoni antioxidant activity
was obtained on MS  medium
supplemented with 4% of PEG (M.W.
6000) and this proved the validity of the
hypothesis that PEG encourages multiple
phenolic compounds to deal with the
drought stress generated by PEG. Our
findings conflict with those of other
researchers (Khan et al., 2019), who
indicated that antioxidant activity
decreased as  polyethylene  glycol
concentration increased in tomato.

CONCLUSION

In contrast to the application of
ABA, which has a negative effect on the
fresh, dry weights, and ferulic acid of
Gardenia jasmonide Variegata calli
cultures. The application of PEG, might
be determined to have a beneficial
influence on these factors. Additionally,
PEG treatments have a beneficial impact
on ferulic acid concentration and
antioxidant activity, since the application
of PEG in the culture medium resembles
to a great extent, drought stress. Also,
drought may have produced defensive
mechanisms in plants, such as the
reported increase in cell-wall-bound
ferulic acid concentration in response to
water deficit in the leaf. Then the PEG
various treatments have positive impact
on ferulic acid content.
Ethics approval and
participate
Not applicable
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Fig.1 Effect of abscisic acid on fresh weight (g) of Gardenia jasmonide Variegata calli

cultures during four weeks of culturing on T1: MS medium + 4 mg/l TDZ
(control)

128  T2: Control + 0.25 mg/l ABA
129 T3: Control + 0.5 mg/l ABA
130 T4: Control + 1 mg/l ABA
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Fig. 2 Effect of abscisic acid on dry weight (g)of Gardenia jasmonide Variegata calli

cultures dry during four weeks of culturing on T1: MS medium + 4 mg/l TDZ
(control)

128  T2: Control + 0.25 mg/l ABA
129 T3: Control + 0.5 mg/l ABA
130 T4: Control + 1 mg/l ABA
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Fig.3 Gardenia jasmonideVariegata calli cultures after four weeks of culturing on
a- T1: MS medium + 4 mg/l TDZ (control)
b-. T2: Control + 0.25 mg/l ABA
c- T3: Control + 0.5 mg/l ABA
d- T4: Control + 1 mg/l ABA
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Fig.4 Effect of polyethylene glycol on fresh weight (g) of Gardenia jasmonide
Variegata calli cultures during four weeks of culturing on

T1: MS medium + 4 mg/l TDZ (control)

T5: Control + 2.5 g/l PEG M.W. 4000

T6: Control +5 g/l PEG M.W. 4000

T7: Control +7.5 g/l PEG M.W. 4000

T8: Control + 2.5 g/l PEG M.W. 6000

T9: Control +5 g/l PEG M.W. 6000

T10: Control + 7.5 g/l PEG M.W. 6000
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Fig.5 Effect of polyethylene glycol on dry weight(g) of Gardenia jasmonide Variegata
calli cultures during four weeks of culturing on
T1: MS medium + 4 mg/l TDZ (control)
T5: Control + 2.5 g/l PEG M.W. 4000
T6: Control +5 g/l PEG M.W. 4000
T7: Control +7.5 g/l PEG M.W. 4000
T8: Control + 2.5 g/l PEG M.W. 6000
T9: Control +5 g/l PEG M.W. 6000
T10: Control + 7.5 g/l PEG M.W. 6000
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Fig.6 Gardenia jasmonideVariegata calli cultures after four weeks of culturing on

T1: MS medium + 4 mg/l TDZ (control)

T5: Control + 2.5 g/l PEG M.W. 4000

T6: Control +5 g/l PEG M.W. 4000

T7: Control +7.5 g/l PEG M.W. 4000

T8: Control + 2.5 g/l PEG M.W. 6000

T9: Control +5 g/l PEG M.W. 6000

T10: Control + 7.5 g/l PEG M.W. 6000
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Fig.7 Effect of abscisic acid on ferulic acid content (ug / g dry weight) of Gardenia
jasmonideVariegata calli cultures during four weeks of culturing on T1: MS
medium + 4 mg/l TDZ (control)

128 T2: Control + 0.25 mg/l ABA
129 T3: Control + 0.5 mg/l ABA
130 T4: Control + 1 mg/l
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Fig .8 Detection of ferulic acid by HPLC
a: Standard of ferulic acid
b: ferulic acid in Gardenia jasmonideVariegata calli cultures on the control treatment in
the third week (highest ferulic content)
c: ferulic acid in Gardenia jasmonideVariegata calli cultures on the control treatment
supplemented with 0.25 mg/l ABA in the second week
d: ferulic acid in Gardenia jasmonideVariegata calli cultures on the control treatment
supplemented with 1mg/l ABA in the third week (lowest ferulic content)

1thvr ek

Fig.9 Effect of abscisic acid on antioxidant activity (UM Trolox equivalent \ 100 mg sample)
using ABTS assay of Gardenia jasmonideVariegata calli cultures during four weeks of
culturing on T1: MS medium + 4 mg/l TDZ (control)

T2: Control +0.25 mg/l ABA
T3: Control + 0.5 mg/l ABA
T4: Control + 1 mg/l
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Fig.10 Effect of abscisic acid on antioxidant activity (uM Trolox equivalent \ 100 mg
sample) using FRAP assay of Gardenia jasmonideVariegata calli cultures during
four weeks of culturing on

T1: MS medium + 4 mg/l TDZ (control)
T2: Control + 0.25 mg/l ABA

T3: Control + 0.5 mg/l ABA

T4: Control + 1 mg/l
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Fig.11 Effect of polyetheylene glycol on ferulic acid content (ug / g dry weight) of
Gardenia jasmonideVariegata calli cultures in grams during four weeks of
culturing on

T1: MS medium + 4 mg/l TDZ (control)
T5: Control + 2.5 g/l PEG M.W. 4000
T6: Control +5 g/l PEG M.W. 4000

T7: Control +7.5 g/l PEG M.W. 4000
T8: Control + 2.5 g/l PEG M.W. 6000
T9: Control +5 g/l PEG M.W. 6000
T10: Control + 7.5 g/l PEG M.W. 6000
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Fig.12 Detection of ferulic acid by HPLC

a: Standard of ferulic acid

b: Ferulic acid in Gardenia jasmonideVariegata calli cultures on the control treatment
in the first week

c: Ferulic acid in Gardenia jasmonideVariegata calli cultures on the control treatment
supplemented with 7.5 g/l PEG in the second week (highest ferulic content)

d: Ferulic acid in Gardenia jasmonideVariegata calli cultures on the control treatment
supplemented with 2.5 g/l PEG in the second week (lowest ferulic content)
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Fig.13: Effect of poly ethylene glycol on antioxidant activity(uM Trolox equivalent \
100 mg sample) using ABTS assay of Gardenia jasmonide Variegata calli
cultures during four weeks of culturing on

T1: MS medium + 4 mg/l TDZ (control)
T5: Control + 2.5 g/l PEG M.W. 4000
T6: Control +5 g/l PEG M.W. 4000

T7: Control +7.5 g/l PEG M.W. 4000
T8: Control + 2.5 g/l PEG M.W. 6000
T9: Control +5 g/l PEG M.W. 6000
T10: Control + 7.5 g/l PEG M.W. 6000

Fig.14 Effect of poly ethylene glycol on antioxidant activity(uM Trolox equivalent \
100 mg sample) using FRAP assay of Gardenia jasmonide Variegata calli
cultures during four weeks of culturing on

T1: MS medium + 4 mg/l TDZ (control)
T5: Control + 2.5 g/l PEG M.W. 4000
T6: Control +5 g/l PEG M.W. 4000

T7: Control +7.5 g/l PEG M.W. 4000
T8: Control + 2.5 g/l PEG M.W. 6000
T9: Control +5 g/l PEG M.W. 6000
T10: Control + 7.5 g/l PEG M.W. 6000
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