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Abstract. Eurycoma longifolia Jack is traditionally used as an aphrodisiac and health supplement for
various diseases. Due to its potential commercial value as a plantation crop as well as to conserve its
germplasm, it is necessary to establish a suitable protocol of propagation as a better alternative for mass
production. Hence, this study describes an efficient and reproducible in vitro regeneration system of
E. longifolia. Cotyledonary node explants were excised from 2-week-old in vitro seedlings and cultured on
Murashige and Skoog (MS) medium supplemented with different concentrations of 6-benzyl aminopurine
(BAP), kinetin (KIN) and thidiazuron (TDZ). In addition, various concentrations of indole-3-butyric acid
(IBA) and a- naphthaleneacetic acid (NAA) were tested for in vitro rooting of shoots. From the results, it
was observed that 1.0 mgL™* of BAP induced the highest percentage of shoot formation (76.7%) from
cotyledonary node explants. The best rooting response was observed on half-strength MS medium
containing 0.5 mgL™* IBA with an average of 3.2 roots per shoot. Regenerated plantlets were successfully
acclimatized to ex vitro conditions with an 85% survival rate. Overall, this in vitro regeneration protocol
provides a rapid technique that can be utilized for commercial propagation and genetic transformation of
this medicinal plant.
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Introduction

Medicinal plants have been an essential part of the ethnobotanical aspect of the people
around the world since ancient times. Today, the majority of people are still relying on
traditional remedies to meet their primary health care needs (Parveen et al., 2010; Uprety
et al., 2012; Alsarhan et al., 2014; Jamshidi-Kia et al., 2018). Eurycoma longifolia Jack
or Tongkat Ali as locally known in Malaysia is an important medicinal plant belonging
to the family Simaroubaceae. Due to its diverse medicinal values, every part of the plant
is used as medicine, especially the roots (Rahmawati and Esyanti, 2014; Yahya et al.,
2015). The traditional use of the Tongkat Ali root extracts as anti-inflammatory and
analgesic remedies is well established. Studies have revealed that the root extracts of
Tongkat Ali have antimalarial, cytotoxic, aphrodisiac, antioxidant, anti-tumor, anti-
inflammatory, anti-pyretic, and anti-amoebic properties, and also it has been applied in
the treatment of diverse conditions such as fatigue, impotence, loss of sexual desire, high
blood pressure and fever (Bhat and Karim, 2010; Rehman et al., 2016). Conventional
propagation of Tongkat Ali via seed germination is considered as the most common
method for the plant propagation, but as a woody plant, it is difficult for several reasons
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such as low rate of seed germination and poor flowering (Keng et al., 2002; Rahmawati
and Esyanti, 2014; Thu et al., 2016).

Being a recalcitrant plant, the seeds took a long time to germinate and have the lowest
percentage of germination due to immaturation of the zygotic embryo (Ayoba et al., 2013;
Zeng et al., 2014). Furthermore, Tongkat Ali roots were harvested after 4-7 years of
cultivation, so the production of the roots is time-consuming, and fluctuated depending
on the seasons (Chua et al., 2011). Therefore, the tissue culture technique was an urgent
need for rapid propagation on a commercial scale to meet the pharmaceutical industry
demand (Lulu et al., 2015). Previously, efforts have been conducted on Tongkat Ali
regeneration using different explants such as shoot tips, roots, stems, leaves, and
cotyledons (Hussein et al., 2005, 2012; Mahmood et al., 2010; Rodziah and Madihah,
2015). However, regeneration protocols on Tongkat Ali are not well developed; mainly
due to the recalcitrant nature of plants. Direct shoot regeneration through the
organogenesis provides a better solution for propagation within a short period of time and
less soma clonal variability (Juturu et al., 2015).

Development of suitable in vitro regeneration protocols is one of the major
prerequisites for improvement of genetic characters of plants using biotechnological
methods (Venkatachalam and Kavipriya, 2012; Singh et al., 2015). Although in vitro
propagation was an alternative method for mass production and conservation, studies had
shown that shoot induction of recalcitrant species still rare due to its woody nature
(Hussein et al., 2012; Isah, 2016). As an important plant in folk medicinal practices, an
efficient propagation protocol is urgently needed to fulfil the market demand for Tongkat
Ali. In vitro micropropagation provides an alternative solution for obstacles faced by the
conventional method of propagation. It can also be applied as a strategy for conservation
and utilization of genetic resources (Groach and Singh, 2015; Singh, 2018). Thus, the
current study reported a rapid micropropagation system of E. longifolia through
cotyledonary node explants by using different concentrations of various plant growth
regulators.

Material and methods
Plant material and seed germination

The plant material used in this study was provided by Institute of Bioscience,
University Putra Malaysia. All experimental procedures were carried out at Plant
Biochemistry and Biotechnology Laboratory of Biochemistry Department at University
Putra Malaysia. Matured ripe dark-red fruits of Tongkat Ali were washed with detergent
and rinsed under running tap water for 30 minutes. Then the epicarp and mesocarp of the
fruits were manually removed (Fig. 1B). Surface-sterilization of seeds was carried out in
laminar-flow hood according to procedure described by Mahmood et al. (2010) as
follows: seeds soaked for 5 minutes in 70% (v/v) ethanol; and then submersed for
20 minutes in 20% (v/v) Clorox® plus two drops of Tween-20; after that the seeds were
rinsed with sterile distilled water five times. In vitro seed germination was carried out to
ensure aseptic growth conditions of seedlings that would be used as a source of explants
(cotyledonary nodes). After sterilization, the seed coat was removed to accelerate the rate
of germination and help to avoid any phenolic compounds that naturally released in
culture media from seed coats (Fig. 1C,D). Embryos were inoculated into 15 x 2.5 cm
vials containing 20 mL of full-strength Murashige and Skoog (1962) (MS) medium
without plant growth regulators (PGRs) (Fig. 1E,F).
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Figure 1. Preparation of seeds for in vitro germination, (A) Eurycoma longifolia fruits, (B)
removing the epicarp and mesocarp (C, D) removing of the seed coat (E) isolated embryos
ready for inoculation (F) inoculation of the embryo on germination media (Bars =1 c¢cm)

Culture medium and conditions

All experiments were conducted using MS medium with the addition of 3% sucrose,
and various concentrations of PGRs. A medium without any PGRs was included as a
control. Culture medium solidified with 0.25% Gelrite, and the pH of culture medium
was set to 5.8 using HCI or 1N NaOH prior autoclaving for 20 minutes at 121°C and
1.06 kg cm? pressure. All cultures were initially maintained in the growth room in the
dark at 25 + 2°C for 1 week, then transferred to 8 h dark and 16 h light photoperiod
supplied by cool white fluorescent bulbs (35 umol m s photon flux density). Relative
humidity was maintained at 60%.

Shoot induction from cotyledonary node explants

Cotyledons nodes were excised from 14-day-old in vitro raised seedlings (Fig. 2C)
under sterile conditions and used as explants. The cotyledonary node explants with intact
embryonic axis were cultured on MS medium supplemented with different concentrations
(0.2, 0.5, 1.0, 2.0 and 3.0 mgL™?) of 6-benzylaminopurine (BAP) and kinetin (KIN) as
well as thidiazuron (TDZ) at concentrations (0.1, 0.2, 0.5, 1.0 and 2.0 mgL™). Data on
shoot regeneration percentage, number of shoots per explant and shoot length were
frequently recorded every week of culture. For shoots proliferation, the shoots were
regularly sub-cultured at six-week intervals onto the fresh MS medium containing the
same cytokinin composition. After harvesting the multiple shoots, the original
cotyledonary nodes were recultured on a fresh medium for further shoot multiplication.

In vitro rooting and acclimatization

In order to obtain a complete plantlet, regenerated shoots (2.5 - 4.5 cm in length) were
aseptically excised and transferred to rooting medium comprising of half-strength MS
medium without auxins or with auxins such as indole-3-butyric acid (IBA) or
naphthaleneacetic acid (NAA) at different concentrations (0.2, 0.5, 1.0 and 2.0 mgL™).
The observations on root induction percentage, root number and root length were
recorded weekly. Acclimatization was initially carried out in the laboratory as follows:
plantlets that have vigorous shoots with a well-developed root system were gently
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removed from the culture medium and washed carefully with autoclaved distilled water
to remove the traces of nutrient medium from the roots. Then the plantlets potted in
7.5 cm plastic pots containing an autoclaved jiffy-7 medium. Plantlets were watered and
immediately covered with transparent polyethylene bags to maintain high humidity
around the plantlets. The plantlets were maintained in the growth room at 25 + 2°C in
16 h light and 8 h dark photoperiod (35 pmol m™ s photon flux density supplied by cool
white fluorescent bulbs). After two weeks the humidity around the plantlets was gradually
reduced by puncturing the polyethylene bags with small holes. Finally, the polyethylene
bags were removed and plantlets were shifted to big plastic 18cm-pots containing garden
soil. These plantlets were then kept under natural day light conditions (12/12-h of light/
dark photoperiod) at the greenhouse for normal growth.

Figure 2. Multiple shoots formation from a cotyledonary node explants of Eurycoma longifolia.
(A) removing the epicarp and mesocarp of the fruits and seed coat from the seed. (B) seed
cultured on MS medium with different concentration of cytokinin. (C) seed germination. (D)
formation of multiple shoots. (E) shoot proliferation from a cotyledonary node explant on MS
BAP 1.0 mgL™. (F) In vitro rooting of shoots on MS medium supplemented with 0.5 mgL™IBA.
(G) formation of the root system after 6 weeks. (H) plantlet transferred to jiffy-7 potting
medium. (I) acclimatized plantlets (Bars =1 cm)

Statistical analysis

All experiments were designed as a complete randomized design (CRD) with 10
replicates and repeated three times. The percentage of seed germination was calculated
with the following Equation 1 (Keng et al., 2002).

% x 100% (Eq.1)
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In Equation 1, n is the number of seeds germinated and N is the total number of seeds
used in each germination treatment. The observations on the treatments were recorded
weekly. Finally, the data obtained were subjected to ANOVA (one-way analysis of
variance) to examine whether they were statistically significantly different from each
other or not using Minitab software. Means were subjected to Tukey’s test (p < 0.05) and
the results were expressed as means + standard errors (SE).

Results
Effects of plant growth regulators on shoot bud induction

Types of plant growth regulators (PGRs) and their concentrations have been reported
to influence organogenesis in plants, as evidenced in this study with the multiplication of
shoots from cotyledonary node explants. As shown in Table 1, frequency, number and
length of multiple shoots formed varied significantly with PGRs supplementations.
Variance analysis revealed that shoot proliferation rates differed significantly (P < 0.05)
based on concentrations and type of cytokinin used. The three cytokinins, namely BAP,
KIN and TDZ at different concentrations were tested for their ability to induce multiple
shoots. Multiple shoots were initially formed from cotyledonary node explants within 15
to 20 days in the presence of cytokinins (Fig. 2D). These multiple shoots were induced
by supplementing the media with 0.2 - 3.0 mgL? BAP, KIN or 0.1 - 2.0 mgL* TDZ.
Cotyledonary node explants cultured on MS medium without the PGRs (as a negative
control) did not give response to shoot buds formation. Among different cytokinins tested,
BAP at a concentration of 1.0 mgL™! showed the highest frequency of multiple shoots
induction (76.7%) with the maximum shoot number (4.87+0.70) shoot per explant
compared to other concentrations of KIN or TDZ (Table 1, Fig. 2E). For shoot
proliferation, cotyledonary nodes were regularly subcultured onto fresh medium of the
same composition of PGRs.

Table 1. Effect of different cytokinins concentrations on shoot induction from cotyledonary
node explants of Eurycoma longifolia

Cytokinin concentration (mgL.') | Shoot induction | No. of shoot/ explant Shoot length (cm)
BAP KIN TDZ (%o) (mean = SE) (mean = SE)
0 0 0 0.0d 004d 0.0¢
0.2 - 26.67+0.08 bed 0.9340.35 cd 0.34+ 0.13 be
0.5 - - 63.33+0.08 ab 1.57+0.39 bed 0.95+ 0.24 be
1.0 - - 76.67+0.07 a 4.87+0.70 a 262+029a
2.0 - - 60.00+0.09 abc 2.87+045b 1.04+ 0180
3.0 - - 36.67+0.08 bed 1.13£0.39 bed 0.57+ 0.20 be
- 0.2 - 13.33+0.06d 0.67+0.30 cd 0.32+ 0.14 be
- 0.5 - 26.67+0.08 bed 1.03+£0.28 bed 0.71+ 0.19bc
- 1.0 - 36.67+0.08 bed 1.08+0.38 bed 213+ 031 a
- 2.0 - 26.67+0.08 bed 1.334+0.31 bed 0.80+ 0.19bc
- 3.0 - 16.67+0.06 d 0.5340.22 cd 0.38+ 0.15bc
- - 0.1 13.33+0.06 d 1.00+0.33 be 0.82+ 0.26 be
- - 0.2 2330+0.07 cd 2.30+0.53 bed 0.82+ 0.17 be
- - 0.5 30.00+£0.08 bed 1.47+0.38 bed 0.64+ 0.16 be
- - 1.0 20.00+0.07 d 0.90+0.41 cd 0.43+0.18 be
- - 2.0 0.0d 0.0d 0.0c¢

*Means within a column that do not share a letter are significantly different at p<0.05 using Tukey’s test
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Based on the current study, BAP was more efficient cytokinin in E. longifolia’s
multiple shoot induction and proliferation, where the number of shoots per explant was
significantly higher at 1.0 mgL* BAP treatment as compared to KIN and TDZ. In general,
increased concentrations of plant growth regulators over the optimum concentration
resulted in reducing the frequency of shoot induction and the number of shoots per explant
(Rahimi et al., 2013; Khan et al., 2015; Kazeroonian et al., 2018). Our study also shows
that the TDZ was less effective than BAP or KIN and the shoots formed from the TDZ-
containing MS, were stunted and failed to elongate even when the shoots were
subcultured on PGR-free MS medium. Moreover, a small amount of callus was observed
on some explant cultured on the TDZ-containing medium. Low concentrations of TDZ
also inhibited shoot elongation as compared to the BAP treatments; hence shoot induction
and elongation with BAP treatment was preferred.

Rooting of the shoot and plantlets acclimatization

Different concentrations of IBA and NAA were added to half-strength MS medium to
induce rooting in E. longifolia. In this study, regenerated shoots with 2.5 - 4.5 cm in length
were excised from the cotyledonary nodes and transferred to the half-strength MS
medium supplemented with different concentrations of IBA and NAA or without any
auxins (Table 2). Initiation of root was observed even from the shoot cultured on
half-strength MS medium without auxins with an average number of 0.26 £ 0.15 roots
per shoot after three weeks. Although the root formation was observed in MS medium
without auxins, the presence of auxins was required to induce a higher number of roots.
Table 2 shows that, out of the four concentrations of IBA tested, 0.5 mgL™ of IBA has
proven to be the best concentration for rooting, which represents the highest value of
rooting (3.20 £ 0.50). Moreover, the root length was the longest (3.66 + 0.52 cm) and
developed relatively normal in the same concentration of IBA (Fig.2F,G).

Table 2. Effect of different concentrations of IBA and NAA in %> MS medium on root induction
from in vitro shoot of Eurycoma longifolia

Auxin conce_ntratlon Rooting respons No. of root/ shoot Root length (cm)
(mgl™) (%) (mean + SE) (mean + SE)
IBA NAA
0 0 20.00+0.10b 0.26+0.15 ¢ 0.86+0.46 cd
0.2 - 3333 +0.12ab 0.53£0.21 cd 1.04+0.40 ¢
0.5 - 80.00+:0.10 a 3.20+0.50 a 3.66+0.52 a
1.0 - 40.00+013 ab 0.80+0.29 be 1.2840.043 ¢
2.0 - 26.70£0.11 b 0.41£0.19d 0.9040.40 cd
- 0.2 15.13£0.09 b 0.40+0.18 d 0.62+0.15d
- 0.5 23.20£0.10 b 1.02+0.43 b 0.90+0.30 cd
- 1.0 30.33£0.11 b 1.43+0.34 b 220+0.30 b
- 2.0 19.10+£ 0.10 b 0.70+0.28 be 126040 ¢

*Means within a column that do not share a letter are significantly different at p<0.05 using Tukey’s test

In the current study, it was observed that no callus was induced around the shoot’s
bases, whereas the roots were initiated directly from the shoot (Fig. 2H). Increasing the
level of IBA had caused a steady decline in the root formation compared to the medium
without auxin (control), which emphasized the fact that a high concentration of auxin in
tissue culture conditions could affect root development. It was observed that the platelets
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which had developed root systems before being transferred to soil, seemed to be
well-established in the acclimatization stage. In this study, the acclimatization of in vitro
plantlets with ex vitro condition was successfully carried out. Initially the plantlets were
transferred to the plastic pots (7.5 cm diameter) containing an autoclaved jiffy-7 medium
and covered with transparent polyethylene bags to maintain high humidity and kept in the
growth room for the first 2 weeks. The data has shown that 85% of plantlets survived and
developed into grown plants when transferred into the soil. No variation in leaf
morphology was recorded when they were compared to in vivo plants (Fig. 21).

Discussion

Direct shoot regeneration protocol provides a potential rapid technique that can be
utilized in genetic transformation. In this study, multiple shoots formation was induced
from cotyledonary node explants. It has been reported that cotyledonary nodes were the
optimal in vitro explants for shoot production in other plants such as Cassia sophera
(Parveen and Shahzad, 2010), Sassurealappa Clarke (Groach and Singh, 2015) and
Cucumis sativus L. (Venkatachalam et al., 2018). In this study cytokinins such as; BAP,
KIN and TDZ were tested for their in vitro effects and showed different responses of
shoot formation. BAP at low concentration of 0.2 mgL™ BAP showed only 20% shoot
induction with an average of 0.83 shoots number. However, BAP at 1.0 mgL ™ produced
the highest shoot induction (76.7%), with 4.87 number of shoots. Nayak et al. (2013)
reported that in Withania somnifera the best result was recorded with 1.0 mgL™* BAP and
100% of the cotyledonary nodes exhibited shoot initiation within 12 days. In addition,
Kumar and Chandre (2009) reported that among the three cytokinins (BAP, KIN and
TDZ) used, BAP was the best cytokinin for inducing the maximum number of shoots
from the apical meristem of Stylosanthes seabrana. Their result also showed that
1.0 mgL! KIN induced 63.3% multiple shoots with a lower number of shoots (2.40 shoot
per explant) on average.

Shoot induction decreased (36.7%) with an average of shoot number 1.134+0.39 at a
higher concentration of BAP concentration (Table 1). Venkatachalam and Kavipriya
(2012) reported a similar result of the frequency of shoot regeneration from the
cotyledonary node of Arachis hypogaea L. using two cytokinins BAP and KIN with
different concentrations. KIN induced the lower percentage of the shoot. Similar
observations on the effectiveness of BAP at lower concentration detected in several plant
species such as Ricinus communis (Alam et al., 2010); Lens culinaris (Bermejoa et al.,
2012); Psoralea corylifolia (Pandey et al., 2013) and Vitex negundo (Groach et al., 2014).

Formation of stunted shoots was a common problem with MS medium containing
TDZ, as have been reported for several plant species, such as Cassia siamea (Parveen et
al., 2010); Withania somnifera (Nayak et al., 2013); Elaeocarpus blascoi (Siva et al.,
2015) and Platanus acerifolia (Bao et al., 2017). However, prolonged exposure of
regenerated shoots to medium supplemented with high concentrations of TDZ resulted in
distortion in the shoots. Similar observations have also been reported in other studies
(Parveen and Shahzad, 2010; Ahmed and Anis, 2012; Dewir et al., 2018). The
proliferation of multiple shoots could be stimulated by adding cytokinins to the
regeneration medium, but it can inhibit their further growth and elongation. Therefore,
elongation of the shoot could be consistently inhibited by TDZ due to its high cytokinin
activity (Kumar and Reddy, 2012; Siddique et al., 2015). Similarly, in several studies on
other plant species such as Cassia sophera (Parveen and Shahzad, 2010), Curculigo
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latifolia (Babaei et al., 2014) and Jatropha curcas (Aishwariya et al., 2015) it has been
reported that the higher concentrations of TDZ resulted in stunted shoot and callus
production.

It has been reported that with an increase in concentrations of cytokinins, the
responding frequency of explants and the number of shoot regeneration was increased up
to certain limits and then reduced markedly (Naing et al., 2015; Seo et al., 2017; Kumari
and Harsh, 2018). Cotyledonary nodes as an explant have been also reported to be an
efficient starting material to induce multiple shoots in many of other plant species such
as Sterculia urens Roxb (Devi et al., 2011), Citrullus colycynthis (Meena et al., 2014) and
Mucuna bracteata DC. (Aziz et al., 2018). These nodes had a better regeneration response
compared to the other parts of the plant due to its regenerative axillary meristem cells
(Hsieh et al., 2017).

Rooting of in vitro regenerated shoots is an important step for successful in vitro
regeneration of whole plantlets (Toppo et al., 2012; Shekhawat et al., 2015). It produces
the whole plant that can survive in ex vitro conditions. Roots could be only induced from
the shoots which are not succulent or fragile. Development of roots should be directly
from the base of the shoot and no callus should be formed to provide a good vascular
connection between shoot and root (Anwar et al., 2010). In general, auxins are used for
root induction, but they might prevent the continued growth of roots if they remain on the
same rooting medium (Harahap et al., 2014). IBA is an auxin that is widely used for root
induction in in vitro cultures (Baque et al., 2010; Patel et al., 2014). A study conducted
by Hussein et al. (2005) on shoot regeneration from shoot tip explants of Eurycoma
longifolia found out that, out of different concentrations of IBA tested only 0.4 and
0.5 mgL™* were able to induce roots from the in vitro plantlets. This is in agreement with
our study, which shows that 0.5 mgL™ of IBA is the best concentration for root induction
of E. longifolia. IBA at 0.5 mgL™ produced the highest percentage of roots (80%) with
an average 3.20 root per shoot (Table 2). Kumar and Nand (2015) reported a similar
observation with the same concentration of auxin (IBA 0.5 mgL™?) in half-strength MS
medium for root induction from Asteracantha longifolia. However, NAA is more potent
than IBA and IAA for the induction of adventitious roots from leaf explants of
E. longifolia (Hussein et al., 2012).

The superiority of IBA over the other auxins in the induction of root has been
previously reported in other studies (Parveen and Shahzad, 2010; Hussein et al., 2012;
Agarwal et al., 2015; Bohra et al., 2016). A previous study by Hussein et al. (2005) on
E. longifolia reported that MS medium supplemented with NAA or IAA, tended to form
callus at shoot’s bases. Whereas, only IBA showed a sign of direct root formation. These
observations could be due to the fact that IBA is more resistant to chemical degradation
than other auxins during the autoclaving of culture media, or it might be due to the
location of auxin receptors of the plant tissues, where different types of auxin react
differently based on the position of its receptor (Nissen and Sutter, 1990; Zhao et al.,
2014; Andujar et al., 2019).

Micropropagated plantlets, which are developed in a controlled microenvironment
might desiccate and die if they were directly placed at a low level of humidity or higher
light level that is stressful as compared to in vitro conditions. Moreover, during the
acclimatization process the plantlets have poor photosynthetic capability and the leaves
act as a source of carbohydrates for the newly developing leaves. This poor
photosynthetic capability could cause the deaths of some of the micropropagated plantlets
(Chaari-Rkhis et al., 2015). Syafigah et al. (2017) suggested that the usage of 100% jiffy
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was the suitable potting medium for the acclimatization of Labisia pumila plantlets.
Yahya et al. (2015) reported that jiffy-7 was the best potting media for Tongkat Ali
acclimatization. Their results showed that 100% of plantlets survival was obtained with
Jiffy-7 medium.

Conclusion

In conclusion, the present study described a rapid and simple protocol for mass
propagation. The result showed that the high frequency of multiple shoot induction was
possible from the cotyledonary node explants of E. longifolia plant. The complete
regeneration system described here can be achieved within 12 weeks; a much shorter
period as compared to the germination in forest sandy soils in nature which normally
takes eight months to grow up to the same height of the in vitro propagated plants. This
protocol would be beneficial for large-scale propagation that could meet the increasing
demand of the pharmaceutical industry. However, it can be used to perform further
experiments to obtain transgenic plants or other biotechnological approaches.
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