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Abstract

Background. The totipotency of plant cells widely opens the possibility of studying plant metabolism, under-
standing the mechanism of cell differentiation, and establishing plant cell cultures for more sustainable production
of medicinally-valuable plant metabolites. Eryngium campestre, Lychnis flos-cuculi, Boesenbergia pandurata are
three medicinally-valuable plants within a broad spectrum of biological and pharmacological activities. Aim of the
study. This study aims to evaluate the influence of various combinations of plant growth regulators and explants
to induce and proliferate callus of selected plants— E. campestre, L. flos-cuculi, and B. pandurata. Material and
methods. Donor explants of each plant (hypocotyl, cotyledon, root, rhizome, or leaf) were disinfected and grown
in Murashige and Skoog (MS) media with various combinations and concentrations of plant growth regulators.
Results. Callus cultures were successfully induced for E. campestre and L. flos-cuculi using the combination of
auxin 2,4-D (1.0 mg ") and cytokinin TDZ (0.1 mg1"), as well as other auxin 2,4-D (1.0 mg1") and cytokinin Kin
(0.1 mg1™"), respectively. A high callus proliferation rate for both species was obtained on MS-supplemented 2,4-D
(1.0 mg1") and Kin (0.1 mg1"). Conclusion. Ratio 1:0.1 of auxin and cytokinins are optimal for callus induction
and proliferation for our selected species. Meanwhile, the types of explants did not affect the callus induction rate
for E. campestre and L. flos-cuculi. (Farm Wspé6t 2023; 16: 72-81) doi: 10.53139/FW.20231612

Keywords: Field eryngo, Ragged robin, Fingerroot, in vitro culture, callus induction and proliferation, plant growth
hormones

Introduction streisadministered as an extract and in homoeopathic
Eryngium campestre L. (Field eryngo) belongs to dilutions in the treatment of urinary tract infections
the carrot family (Apiaceae), and it is found mainly in and as an adjuvant to treat inflammation [2,4]. In a
southern and central Europe, with its eastern border study conducted by Thiem et al., it was discovered that
in Central Russia. It is distributed in Asia Minor, the the leafand root extracts present strong antifungal and
Middle East, North Africa, and North America [1]. The moderate antibacterial activities [5].
varied presence of chemical components, i.e., saponins, Lychnis flos-cuculi L. (Ragged robin) belongs to the
phenolic compounds, essential oils, polyacetylenes, and carnation (Caryophyllaceae) family. It is a perennial
others, results in a broad spectrum of biological and herb native to Europe and Asia, spreading through
pharmacological activities. In folk remedy infusions, North America. Wound healing and cures for heada-
extracts, decoctions, liquids, and tinctures of the roots ches, stomach discomfort, and, interestingly, malaria
are used as a diuretic, antitussive, stimulant, appetizer, are among the therapeutic characteristics of this spe-
and aphrodisiac [2,3]. Moreover, the herb of E. campe- cies. Phytoecdysteroids, triterpenoid saponins, flavono-
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ids, and phenolic acids are found in L. flos-cuculi [6-11].

Boesenbergia pandurata (Fingerroot) or Kaempferia
pandurata belongs to the ginger family (Zingiberaceae)
and is mainly found in Southeast Asian countries
(Indonesia, Malaysia, Myanmar, and Thailand). This
plantis one type in disguise as it has many synonymous
botanical names, Gastrochilus panduratum RIDL.,
Kaempferia pandurata Roxb., Curcuma rotunda L., and
Boesenbergia rotunda Linn. Mansft [12]. B. pandurata
has been used as spices and traditional medicine to
treat diseases in these countries. This rhizome was pre-
viously discovered to be rich in flavonoids, chalcones,
and essential oils, showing engaging pharmacological
activities [12]. Thorough studies on fingerroot proved
that it has antibacterial [13,14], anti-inflammatory
[15,16], antifungal [17], and antiviral properties [18-20].

The callus is a massive growth of unorganized
cells with totipotency characteristics [21]. Callus can
be induced by applying exogenous auxin and cytoki-
nins within in vitro culture media. The ratio between
both growth regulators could determine the order of
tissue morphogenesis [21,22]. The totipotency of plant
cells widely opens the possibility of studying plant
metabolism, understanding the mechanism of cell
differentiation, and establishing plant cell cultures for
more sustainable production of medicinally-valuable
plant metabolites. In the biotechnology industry,
suspension cultures obtained from callus are used to
produce chemical compounds of pharmaceutical, food,
and industrial importance on an industrial scale, which
are difficult or unprofitable to obtain from natural
sources or chemical synthesis.

This study aims to evaluate the influence of various
combinations of plant growth regulators and explants
to induce and proliferate callus of selected plants with
medicinal values - E. campestre, L. flos-cuculi, and B.
pandurata.

Materials and methods
Donor plant materials

The fruits of Eryngium campestre were collected
from the steppe reserve Owczary (Poland) in August
2009. The voucher specimen (No. 6731) is deposited in
the Herbarium of the Laboratory of Pharmaceutical
Biology and Biotechnology, Poznan University of
Medical Sciences. The fruits were washed under
running tap water for 30 min to remove any adherent
particles, then in sterilized double-distilled water for
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5 min and dipped in 70% (v/v) ethanol for 30 s follo-
wed by rising in 60% (v/v) commercial bleach with
two drops of Tween 80, for 10 min. They were rinsed
in sterilized double-distilled water to obliterate the
chemicals. All surface disinfection procedures were
performed under aseptic conditions in a laminar air
cabin. The disinfected fruits were placed in culture
tubes containing 15 ml of Murashige and Skoog (MS)
medium [23] supplemented with 1.0 mg 1" gibberellic
acid (GA;) to provide aseptic seedlings. 20-day-old
seedlings were aseptically cut into explants and used
for callus induction on the following solidified media:
MS with 1.0 mg I 2,4-dichlorophenoxyacetic acid
(2,4-D) + 0.1 or 1.0 mg I"" kinetin (Kin), MS with 1.0
mg1'2,4-D + 0.1 or 1.0 mg I"' N6-benzylaminoprine
(BAP), MS with 1.0 mg 1" 2,4-D + 0.1 or 1.0 mg 1"
thidiazuron (TDZ) (table I). The following hormonal
variants were selected for callus proliferation: MS with
2,4-D (1.0 mg1") + Kin (0.1 mg1"), MS with 2,4-D (1.0
mg1") + BAP (0.1 mg1"), and MS with 2,4-D (1.0 mg
") and NAA (0.1 mg1") (table I'V).

The leaves of Boesenbergia pandurata underwent
surface sterilization using the same protocol as E.
campestre. Meanwhile, we established a new protocol
to disinfect the rhizome. The machine for ultrasoni-
cation with a heating feature (POLSONIC, Polsonic
Palczynski Sp. J., type SONIC-3, PL) was cleaned with
70% ethanol, put into the laminar airflow cabinet, and
sterilized under UV light. In the mean, the rhizomes
were washed and brushed lightly under running water
for 10 minutes, then 5 minutes with a few drops of
Tween-20 (Sigma). After washing with detergent, the
rhizomes were rinsed once in distilled water and bro-
ught into a sterile laminar airflow cabinet for further
processing.

Inside the cabinet, the explants were immer-
sed in ethanol 70% for 30 seconds and then rinsed
with distilled water before thermosonication. The
POLSONIC ultrasonication machine was running on
40 kHz frequency, 2x160 Watts power, and on selected
temperatures (30°C, 40°C, and 50°C) for 5 minutes or
10 minutes using hydrogen peroxide (H,0,) as a ste-
rilant. The fingerroot rhizomes were then fragmented
and placed in solidified MS medium; ten explants
were obtained for each treatment. The initial explants
were then cultured on a callus induction medium of
solidified MS basal medium. The supplemented plant
growth regulators are 2,4-D, 3,6-dichloro-2-methoxy
benzoic acid (dicamba, Dic), BAP, Picloram, and 1-phe-
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TableI.  Callus induction of Eryngium campestre on several combinations of plant growth hormones

Plant growth Hypocotyl Cotyledon Root

. M hol
regulator (mg I")  [%] P [%] P [%] P orphology

2,4-D Kin
1.0 0.1 100 | ++ 0 - 100 | +++ [Light, yellow, watery
1.0 1.0 100 s 0 - 80 ++ |[Light, yellow, watery
2,4-D BAP
1.0 0.1 100 | +++ | 33 s 100 | +++ | Yellow-green, watery, with organogenic structures
1.0 1.0 100 | +++ | 80 s 100 | +++ | Yellow-green, watery
2,4-D TDZ
1.0 0.1 100 | +++ | 80 | +++ | 100 | +++ | Yellow-green, compact, fragile
1.0 1.0 100 | +++ | 80 aF 100 | +++ | Green compact and organogenic

*P - Proliferation: - not visible; + very weak; ++ weak; +++ good; ++++ very good

Table II. ~ Callus induction of Lychnis flos-cuculi on several combinations of plant growth hormones

Hypocotyl Cotyledon Root

rezﬁgigrrz:;hl“) [%)]/ID : [%] ' [ [%] P Morphology
2,4-D Kin

1.0 0.1 100 ++++ 100 it 100 +++ |Light and fragile

1.0 1.0 67 s 50 raF 67 i Dark and compact; organogenic
2,4-D BAP

1.0 0.1 100 raF 100 raF 80 ++ | Yellow, compact

1.0 1.0 80 s 80 s 80 i Dark and compact; organogenic
2,4-D TDZ

1.0 0.1 100 s 100 ++ 100 ++ | Light, yellow, and compact

1.0 1.0 60 ++ 80 ++ 80 A Dark and compact

*P - Proliferation: - not visible; + very weak; ++ weak; +++ good; ++++ very good

Table ITI. Callus induction of Boesenbergia pandurata on several combinations of plant growth hormones

Rhizome Leaves
rezluall;:ogrr?l;v;ﬁ“ [%] P [%] P EPEL R
Dic TDZ
1.0 0.1 0 - 80 AR White, watery, friable
2.0 0.2 0 - 80 AR White, watery, friable
3.0 0.3 (0] - 100 +++ White, watery, friable
4.0 0.4 (0] - 100 +++ White, watery, friable
2,4-D BAP
2.0 0.2 0 - 75 S Translucent and colourless, watery, friable
3.0 0.3 0 - 75 s Translucent and colourless, watery, friable
2,4-D TDZ
2.0 0.2 0 - 55 + Translucent and colourless, watery, friable
3.0 0.3 0 - 35 + Translucent and colourless, watery, friable
4.0 0.4 0 - 100 s Translucent and colourless, watery, friable
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Table IV. Callus proliferation of Eryngium campestre on several combinations of plant growth hormones

Plant growth regulator (mg I") Pasgage Pas:age Pasgage Growth index [%] (mean + SE)
i c1)'.$ 845.6 891.7 905.7 881 + 18.16°

éﬁl_DD <1)'.$ 686.3 663.2 721.2 690.2 + 16.86°

NaA 01 451.7 506.8 521.4 493.3 + 21.22°

Mean values within a column with the same letter are not significantly different at P = 0.05 (Duncan’s Multiple Range Test)

Table V. Callus proliferation of Lychnis flos-cuculi on several combinations of plant growth hormones

Plant growth regulator (mg I") Pas:age Pas;age Pasgage Growth index [%] (mean + SE)
2,4-D 1.0 .

Kin 01 564.7 501.9 589.9 552.17 + 18.46

2,4-D 1.0 .

NAA 01 361.5 343.5 328.3 344.46 + 28.43

Pic 1.0 b

TDZ 01 416.7 388.1 433.9 412.79 + 13.41

big D 423.6 445.2 464.9 440.88 + 14.59°

TDZ 041 . . . .88 + 14.

Mean values within a column with the same letter are not significantly different at P = 0.05 (Duncan’s Multiple Range Test)

nyl-3-(1,2,3-thiadiazol-5-yl)-urea (thidiazuron, TDZ),
at the various combination of concentrations.

The seeds of Lychnis flos-cuculi were garthered
in June 2016 from plants growing enar Kuznica
Trzecinska, Wielkopolskie Voivodeship, Poland
(51°09°21” N 18°03°24” E). The voucher specimen (No.
CP-LFc-2016-0601) is deposited in the Herbarium
of Laboratory of Pharmaceutical Biology and
Biotechnology, Poznan University of Medical Sciences.
The seeds were washed under running tap water for
30 min. The surface was sterilized with 70% ethanol
(v/v) and washed for 30 minutes in 30% commercial
bleach solution with a drop of Tween-80. The seeds were
then rinsed five times with sterile distilled water. The
disinfected fruits were placed in culture tubes conta-
ining 15 ml of Murashige and Skoog (MS) medium [23]
supplemented with 1.0 mg 1" gibberellic acid (GA,). The
studied callus was induced from hypocotyl, cotyledons,
and the root of the axenic seedling. The following
solidified media were used for callus induction: MS
with 1.0 mg 1" 2,4-dichlorophenoxycetic acid (2,4-D)
+ 0.1 or 1.0 mg 1" kinetin (KIN), MS with 1.0 mg 1"
2,4-D + 0.1 or 1.0 mg 1" N6-benzylaminoprine (BAP),
MS with 1.0 mg1"2,4-D + 0.1 or 1.0 mg 1" thidiazuron

(TDZ) (table II). The following hormonal variants were
selected for callus proliferation: MS with 2,4-D (1.0 mg
1) + Kin (0.1 mg1"), MS with 2,4-D (1.0 mg1") + NAA
(0.1 mg1"), MS with Pic (1.0 mg1") + TDZ (0.1 mg1"),
and MS with Dic (1.0 mg1") + TDZ (0.1 mg1") (table V).

Culture conditions

All callus cultures were maintained in an environ-
mentally controlled room at 22°C + 1°C with 60-70%
relative humidity and under 16h/8h per day photo-
period. Callus cultures were maintained by repeated
sub-culturing at four weeks intervals.

Callus induction and proliferation

Initiated calluses were stabilized, and subcultures
were performed at four weeks intervals. Callus initia-
tion and development of homogenous callus lines were
first observed, and then the growth callus index was
calculated for each species. The percentage of callus
formation was calculated using the following formula:

number of responsing explants
f resp g exp % 100

% callus formation = -
total inoculated explants
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For callus growth, fresh weight (FW) and dry
weight (DW) were taken into account to calculate the
growth index [GI] during three consecutive subcultu-
res from the following:

(Fresh final callus weight—Fresh initial callus weight)

Growth index = x 100

Fresh initial callus weiaht

Phytochemical analysis by thin-layer chromatography

The callus biomass was oven-dried at 40°C for 24
h. Dried callus biomass was extracted with metha-
nol (Lychnis flos-cuculi callus) or ethanol (Eryngium
campestre callus) 70% v/v under reflux at 80°C (three
times for an hour) at the boiling point temperature
under reflux. The combined extract and filter were
concentrated under a vacuum on a rotary evaporator.
For TLC analysis, exactly 0.1000 (+ 0.0001) g of the
extract (E. campestre) or the butanol fraction (L. flos-
-cuculi) was dissolved in 1 ml of methanol.

TLC analysis used ready-made plates coated with
silica gel or self-made plates with polyamide-6 as the
adsorbent. After the sample was applied, the plates were
placed in a chromatographic chamber filled with one
of the solvent systems and developed. Reactions cha-
racteristic for a given group of secondary metabolites
were applied using the selected reagents (details below).

For phenolic acids and flavonoids detection, each
extract was applied as 1.0 cm streaks to the cellulose
and HPTLC silica gel plates (Merck, Germany). The
plates were developed with ethyl acetate — acetic acid
- water (8:1:1 v/v/v) mixture, dried, and viewed under
UV, 46 m Or daylight before and after spraying with the
following reagents: (i) 2-diphenylboranyloxy ethana-
mine (NA; Roth) 0.1% solution in ethanol for detection

of phenolic acids (blue bands under UV) and flavonoids
(yellow bands under UV), (ii) AICL; 1% solution in
ethanol for detection of flavonoids.

For saponins detection, each extract was applied as
1.0 cm streaks to the HPTLC silica gel plates (Merck,
Germany). The plates were developed with 1-butha-
nol-acetic acid-water 4:1:5 (v/v/v) mixture and viewed
under daylight after spraying with the vanillin-sulphu-
ric acid reagent. The spots with violet-pink colour in
daylight were considered as those of saponins.

Standards were as follows: phenolic acids - rosma-
rinic acid (Sigma-Aldrich), chlorogenic acid (EDQM),
caffeic acid (Fluka), ferulic acid (Sigma-Aldrich),
flavonoids —hyperoside (Sigma-Aldrich), rutoside
(Sigma-Aldrich), quercetin (Sigma-Aldrich), kaempferol
(Sigma-Aldrich), apigenin (Sigma-Aldrich), phytoec-
dysteroids — polypodine B (isolated from the herb of
L. flos-cuculi), 20-hydroxyecdysone (isolated from the
herb of L. flos-cuculi), saponins - easculin (aescin, Teva).

Compounds in callus extracts of the studied spe-
cies were identified based on the colour and Rf value
of the spots on TLC plates before and after detection
with the specific reagents.

Statistical analysis

The statistical analyses were carried out using
Statistica 11 (StatSoft) software. A one-way analysis of
variance (ANOVA) and Duncan’s post hoc test were
performed on the collected data. A two-sided P value
of 0.05 was used to calculate statistical significance.

Result
The calluses from Eryngium campestre and Lychnis
flos-cuculi were initiated from the hypocotyl, cotyle-

Figure 1. Callus induced on the explant (A) and homogenous callus (B) of E. campestre
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Figure 3. Callus induced on the explant (A) of B.
pandurata

don, and root fragmets isolated from in vitro-derived
seedlings (figure 1 and 2). Meanwhile, callus induction
of Boesenbergia pandurata was completed using rhi-
zome and leaves as initial fragments (figure 3). This
experiment aims to obtain a callus line with appro-
priate morphological parameters: homogenous, fragile,
easy to crush, hydrated, and light colour, and with
rapid growth. Therefore, we used the combinations of
auxin 2,4-D with one of cytokinins Kin, BAP, or TDZ
for all donor explants along with the combination of
Dic and TDZ to induce callus of B. pandurata. The dif-
ferent responses of callus frequency and proliferation
suggest that plant cells have different needs for auxins
and cytokinins at each induction or proliferation stage,
and the level of auxins and cytokinins depends not only
on their uptake from extracellular sources but also on
their metabolism and endogenous interaction [24].
The hypocotyl and root fragments of E. campe-
stre responded positively to all combinations of plant
growth regulators (PGRs) ranging from 80-100% callus
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induction, as seen in table I. On the other hand, callus
culture from cotyledon is only optimal in media sup-
plemented with 2,4-D (1.0 mg1") and TDZ (0.1 mg1")
with an 80% induction rate. There is no significant
difference in the concentration of cytokinins on callus
induction in all donor explant types. However, the
best callus induction and proliferation rate was obse-
rved from callus grown in 2,4-D (1.0 mg1") and TDZ
(0.1 mg I'"). This combination of growth regulators
produced a massive amount of yellow-green calli with
compact and fragile features, which may regenerate
the organs. Therefore, this hormonal option was not
selected for further callus proliferation.

A massive amount of light yellow and watery
callus of E. campestre was grown on MS medium sup-
plemented with 2,4-D with Kin and BAP. Therefore,
these hormonal options as well as 2,4-D with NAA,
were selected for further callus proliferation. The
calluses were transferred into three different media
compositions, as seen in table IV. The growth index of
callus cultured on selected media in passages 3-5 was
determined to select the callus line with the highest
biomass increase. Callus in all types of media grew
significantly. Nevertheless, the best growth index of
E. campestre was obtained from callus-line grown on
MS medium supplemented with 2,4-D 1.0 mg 1-' and
Kin 0.1 mg I", with 881% growth indexes on average
from all three passages. Followed by 2,4-D 1.0 mg 1"
+BAP 0.1 mg 1", and the least effective for E. campe-
stre callus proliferation was 2,4-D 1.0 mg I' + NAA
0.1 mgl” (table IV). The morphological and anatomical
observation indicated the formation of a yellow-green
callus with a light structure with a dominant group of
meristematic cells forming the centers.
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L. flos-cuculi callus development was observed to
varied degrees on all PGRs treatments and explants.
The ratio of 1:0.1 of auxin and cytokinins was the
optimal combination for callus induction. This ratio
of auxin and cytokinin induced massively the non-
-morphogenic callus from all types of explants, with the
most optimal supplementation being 2,4-D (1.0 mg1")
with Kin (0.1 mg 1""). Callus induced on this media
supplementation had light and fragile characteristics,
fulfilling the criterion to proceed to the proliferation
phase. Meanwhile, increasing the concentration of
cytokinins impact negatively the induction rate, regar-
dless of the explant type or PGRs type. Moreover, it
is also observed that the callus cultures tended to be
darker and organogenic when the auxin and cytokinin
were in the same ratio (table II).

The production of Lychnis flos-cuculi callus bio-
mass on several media types was studied (table V). In
line with E. campestre, the media MS + 2,4-D 1.0 mg 1"
+ Kin 0.1 mg 1" yielded the most significant growth
index for L. flos-cuculi, with a mean growth index of
552.17%. Therefore, this plant growth hormone varia-
tion is optimal for the induction and proliferation of L.
flos-cuculi callus biomass. The combination of dicamba
and thidiazuron in a 1:0.1 ratio also yielded a satisfac-
tory result with a 440.88 growth index on average from
subsequent passaging 4-6, the second-best callus line
of L. flos-cuculi.

The induction of callus from B. pandurata from
rhizome fragments was unsuccessful, and induction
from leaf fragments gave intermediate results. The com-
bination of Dic and TDZ induced callus formation with
a range between 80-100% (table III). As both growth
regulators’ concentration increases, the induced-
-callus amount also increases. The induced calli were
homogenous, white, translucent, had watery features,
and were friable. Unfortunately, we could not obtain
sufficient callus for the growth index calculation. After
the second week of the induction phase, rapid oxida-
tion occurred, resulting in severe callus browning.
Eventually, the calli deteriorated and became unusable
to proceed to the proliferation phase.

Callus biomass of E. campestre was checked for
the most important groups of secondary metabolites
present in the Eryngium genus. Callus cells synthesized
rosmarinic acid, chlorogenic and caffeic acids from the
group of phenolic acids; flavonoids were not detected,
while the presence of several compounds from the
group of triterpene saponins was shown (table VI).
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Callus biomass of L. flos-cuculi was not able to
produce phytoecdysteroids, characteristic of the herb
and roots of this species, but contained phenolic acids
and flavonoids as well as unknown triterpene saponins
(table VII).

Table VI. Secondary metabolites of Eryngium
campestre callus detected by TLC method

Secondary metabolites Callus Rf
Phenolic acids

rosmarinic acid <F 0.92
chlorogenic acid 0.54
caffeic acid + 0.96
Flavonoids

hyperoside Not detected
rutoside Not detected
quercetin Not detected
kaempferol Not detected
Triterpenes

triterpenoid saponins + 0'48_;5%51;

Table VIL. Secondary metabolites of Lychnis
flos-cuculi callus detected by TLC method

Secondary Callus
metabolites
Phytoecdysteroids
polypodine B Not detected
20-hydroxyecdysone Not detected
Phenolic acids
ferulic acid F 0.68
caffeic acid 0.83
chlorogenic acid + 0.25
Flavonoids
apigenin + 0.22
Triterpenes
0.17; 0.27; 0.33;
triterpenoid saponins + 0.55; 0.64; 0.81;
0.96
Discussion

The influence of explant type and PGRs on callus
induction and subsequent growth was studied to deter-
mine the best donor explant for establishing a callus
culture to create critical therapeutic compounds of three
selected species, E. campestre, L. flos-cuculi,and B. pan-
durata. In this study, the hypocotyl and root explants of
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E. campestre were highly responsive, and we obtained
watery and fast-growing callus, regardless of the type of
PGRs used. Callus induction of the Eryngium species has
also been reported from the mature leaf blade, petiole,
and axenic seedling [25-27]. These findings enhanced
the versatility of Eryngo species to develop calluses
and, further, cell suspension culture to produce valuable
secondary metabolites on a larger scale.

Callus was also successfully induced from all types
of explants of the ragged robin. The types of explants did
not affect the induction rate; instead, the combination of
growth hormones that were used in the experiments did
it. Effective callus induction using hypocotyl and cotyle-
don was also reported in Nigella damascene L. [28]. A few
related studies on Lychnis wilfordii (Regel) Maxim, L.
cognata (Maxim), and L. fulgens Fisch. Ex Spreng showed
that callus formation of this genus varied significantly
depending on the types of explants and hormones used
[29-30]. Leaf explants induced callus formation relatively
faster than using stem and root explants, with eight weeks
and ten weeks of culture, respectively. Ogita et al. (2009)
also observed the callus formation of L. senno Siebold et
Zucc. using leaves as donor explants within eight weeks
of cultures [31]. Employing Pic and TDZ in various con-
centrations, they discovered that higher concentrations of
TDZ led to colour characteristics and proliferation rate,
similar to the results we obtained in this study.

The callus culture of B. pandurata has been repor-
ted to be induced by newly emerging buds [32]. In this
study, we attempted to induce callus formation from
the rhizome and mature leaf explants. However, the
proceeding is complicated as monocotyledons have
low regenerative capacity. Johnson (2000) successfully
initiated the embryonic callus of three monocot plants
(Aniozanthos ‘Harmony’, Blandfordia grandiflora, and
Thysanotus juncifolius) from the leaf segments. The
basal sections of the leaf blades were more responsive
than the tip or middle sections [33]. As studied in
maize, the basal sections generally contain meriste-
matic tissues with better regeneration properties [34].

Auxins and cytokinins are two plant growth regu-
lators that have been extensively used [21]. 2,4-D has
been acknowledged to induce callus formation in many
plant species effectively. The results from this study
revealed that the presence of 2,4-D in the culture media
was essentially required to induce callus formation in
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both E. campestre and L. flos-cuculi, especially when
it is combined with cytokinins with a proportional
ratio. Therefore, the addition of cytokinins further
exerts the physiological effect. Combining auxins and
cytokinins was essential to producing calli with the
desirable morphology in our selected species. Similar
results were also presented from the study of E. planum
and L. senno [26,31].

E. campestre callus is rich in triterpene saponins
and phenolic acids, as is the callus of the related species
E. planum [26,35]. The saponins present in the callus of
E. campestre are most likely those previously identified
for the species [3,36]. On the other, the ecdysteroids
accumulated in the herb and roots of L. flos-cuculi
[9-11] were absent in the callus biomass.

Conclusion

The callus culture of three species with medicinal
value, Eryngium campestre, Lychnis flos-cuculi, and
Boesenbergia pandurata were successfully initiated
using Murashige and Skoog media with supplemen-
tation of auxin and cytokinin in 1:0.1 ratio. These
protocols could initially start large-scale production
of valuable phytochemicals from both species.
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